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Preface

Robert Bals

The disease area of bronchiectasis has experienced something of
a renaissance in recent years. The disease’s aetiology, as well as
the diagnostic and therapeutic approaches have been much
better defined. These advances are clinically important as they
help the diagnosis and treatment of patients with chronic cough,
a frequently reported condition. The recent developments also
highlight the heterogeneity of bronchiectasis, which often
requires complex diagnostic tests. Therapy is also multilayered
and combines strategies learned from conditions such as
chronic obstructive pulmonary disease and cystic fibrosis.

This ERS Monograph provides the reader with broad and
detailed overview of the biology of and clinical approach to
bronchiectasis. It provides in-depth information about multiple
aspects of the disease area, and includes chapters covering basic
biology and mechanistic areas, as well as microbiome analysis.
Diagnostic approaches to comorbidities and specific phenotypes
are also discussed, as well as multidisciplinary therapeutic
approaches, such as antibiotic therapy, physiotherapy and
specific therapies for known causes of bronchiectasis.

The Guest Editors, James D. Chalmers, Eva Polverino and
Stefano Aliberti, have brought together leading authors to create
a book that will prove an essential resource for those working
with bronchiectasis patients or conducting research in this area.
I would like to thank them for their hard work; I feel sure that
their book will help generate advances in diagnosis and therapy,
as well as better care for bronchiectasis patients.
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Introduction
James D. Chalmers1, Eva Polverino2,3 and Stefano Aliberti4,5

@ERSpublications
The ERS Monograph on Bronchiectasis provides a comprehensive guide to the investigation and
management of the disease. This book will be an essential reference for all clinicians caring for
bronchiectasis patients. http://ow.ly/Onzn30l1rI0

It is 7 years since the first ERS Monograph on Bronchiectasis was published by the
European Respiratory Society (ERS). Expertly composed by Dr Floto and Dr Haworth
from Cambridge (UK), the book became one of the most successful in the ERS
Monograph series.

It is exciting and revealing to look back at what has changed in the field since 2011. In that
time, bronchiectasis has taken on new importance in the practice of respiratory medicine.
Estimates of disease prevalence have risen up to 10 fold and continue to rise. Specialist
services for bronchiectasis have developed throughout Europe and beyond, while treatment
guidelines have become more widespread, culminating in the 2017 publication of the ERS
guidelines for management, the first international recommendations. The disease has been
“renamed” with the “non-CF” label abandoned by the majority of authors and
international societies.

Perhaps most importantly, there has been a remarkable international collaborative effort to
advance clinical care and research. More than 300 investigators have participated in the
global European Multicentre Bronchiectasis Audit and Research Collaboration (EMBARC)
project which at the time of writing has recruited more than 12000 patients. There have
been more major publications in leading general and respiratory journals in the past 7 years
than in the previous 70 years; of these, studies into the benefits of long-term macrolides
and the concept of illness severity have been the most impactful.

But this period has not been without its challenges. Alongside great progress we have met
with great disappointments in the form of the repeated failure of clinical trials to
consistently reach their primary end-points. Large-scale phase 3 trials into mucoactive
drugs and particularly inhaled antibiotics have led to frustration, as drugs which appear

Copyright ©ERS 2018. Print ISBN: 978-1-84984-097-2. Online ISBN: 978-1-84984-098-9. Print ISSN: 2312-508X. Online ISSN: 2312-5098.

Correspondence: James D. Chalmers, Scottish Centre for Respiratory Research, University of Dundee, Ninewells Hospital and Medical
School, Dundee, DD1 9SY. E-mail: jchalmers@dundee.ac.uk

1Scottish Centre for Respiratory Research, University of Dundee, Ninewells Hospital and Medical School, Dundee, UK. 2Servei de
Pneumologia, Hospital Universitari Vall d’Hebron (HUVH), Institut de Recerca Vall d’Hebron (VHIR), Barcelona, Spain. 3Ciber de
Enfermedades Respiratorias, Barcelona, Spain. 4Dept of Pathophysiology and Transplantation, Università degli Studi di Miilano, Milan,
Italy. 5Internal Medicine Dept, Respiratory Unit and Adult Cystic Fibrosis Center, Fondazione IRCCS Cà Granda Ospedale Maggiore
Policlinico, Milan, Italy.
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beneficial in clinical practice fail to reduce exacerbations or improve quality of life in
regulatory studies. The heterogeneity of bronchiectasis is almost its characteristic feature
and remains the greatest challenge both in clinical care and in designing and interpreting
research.

Patients with bronchiectasis urgently need proven therapies and better pathways of care.
This Monograph brings together a team of leading global experts to discuss the many
challenges and opportunities for the disease. Covering topics from pathophysiology,
diagnostic testing and management through to critical research topics, such as trial
end-points, this book is essential reading for anyone caring for those with the disease or
conducting research.

Disclosures: J.D. Chalmers reports receiving the following, outside the submitted work: grants for research
into COPD and personal fees from GlaxoSmithKline, Boehringer Ingelheim and Pfizer; grants for research
into COPD from AstraZeneca; grants for research into bronchiectasis and personal fees from Bayer
Healthcare and Grifols; and personal fees for consulting from Napp. E. Polverino reports receiving honoraria
for speeches from Bayer, Ismed, Grifols and Chiesi, during the current work. E. Polverino received grants and
personal fees from Chiesi, outisde the submitted work. S. Aliberti reports receiving the following outside the
submitted work: grants and personal fees from Bayer Healthcare, Aradigm Corporation, Grifols, Chiesi and
INSMED; personal fees from AstraZeneca, Basilea, Zambon, Novartis, Raptor, Actavis UK Ltd and Horizon.
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| Chapter 1

A patient’s perspective
Marta Almagro Manero1 and Jeanette Boyd2

Great advances continue to be made in our knowledge and awareness of bronchiectasis.
Once considered an orphan and neglected disease, in recent years the European Multicentre
Bronchiectasis Audit and Research Collaboration (EMBARC) network was established, the
first European Respiratory Society guidelines for the management of adult bronchiectasis
were published in September 2017, and the European Bronchiectasis Patients Advisory
Group was set up by the European Lung Foundation (ELF). These are exciting
developments. However, there is still a lot to do and the intention of this chapter is to give
some focus to where this work should be directed as seen from a patient’s perspective,
because after all it is the patients who are the recipients of all these efforts.

Cite as: Almagro Manero M, Boyd J. A patient’s perspective. In: Chalmers JD, Polverino E, Aliberti S, eds.
Bronchiectasis (ERS Monograph). Sheffield, European Respiratory Society, 2018; pp. 1–7 [https://doi.org/
10.1183/2312508X.10015117].

@ERSpublications
A patient’s perspective on bronchiectasis: past, present and future in bronchiectasis
awareness, research, management and care http://ow.ly/Yva330ksJkB

I opened my eyes. Feeling quite dizzy, I looked around the room and I saw a figure in
green hospital clothes by the right side of my bed. It was my dad. I closed my eyes and

fell asleep again. I was 6 years old and I was at the paediatrics intensive care unit. I had just
undergone lung surgery for medium lobe syndrome.

My name is Marta and I am 40 years old. I am a bronchiectasis and PCD patient,
colonised by Pseudomonas aeruginosa, and I think that time was the first in my young life
that I realised I had a health condition, although I had been ill practically since I was born.

I have been collaborating with the European Bronchiectasis Patient Advisory Group for
4 years now, and I have been invited to write this chapter to explain from the patient’s
point of view what it is like to live with bronchiectasis, how we think bronchiectasis care
can be improved and where must we go in the next 10 years. In order to do so, I am going
to share with you some of my life experience of living with bronchiectasis. So, although this
chapter will contain reliable data from an interesting study [1], you should not expect to be
reading a traditional academic text.

Copyright ©ERS 2018. Print ISBN: 978-1-84984-097-2. Online ISBN: 978-1-84984-098-9. Print ISSN: 2312-508X. Online ISSN: 2312-5098.

Correspondence: Marta Almagro Manero, C/Puigcerda 265, 08020 Barcelona, Spain. E-mail: marta.almagro@gmail.com
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Living with bronchiectasis

Before having the surgery I had been ill very often: sinusitis, tonsillitis and bronchitis were
common for me. At the age of 2 years I had my adenoids removed and also developed an
allergy to penicillin.

At the age of 4 years I began clinical follow-up in the paediatric respiratory department at
the Hospital Clinic in Barcelona (Spain). Bronchitis began to be very frequent then, and the
time came when antibiotics could do no more and I developed medium lobe syndrome. In
1984, after 6 months of multiple tests, all sorts of medicines (including some really
expensive ones), and discussions among clinicians and my parents, it was decided that the
best way to proceed was to perform surgery to remove the abscess in my right lung. It was
not something that was easy to cope with for my parents. In fact, as I entered the operating
room my mum had a breakdown.

A few years ago I was going through all the documents I have from hospitals and
specialists, and I came across a document with the results of the biopsy performed at
the surgery. Those early results suggested that I could have bronchiectasis. What a
surprise that was to me, since I was not diagnosed with bronchiectasis by a CT scan
until I was 13 years old, in 1991. That was 7 years after my lung surgery, during which
time I underwent a lot of medical tests, feeling like a guinea pig; a feeling to which
I had to add the sense of unease my parents and I suffered over those years not
knowing why I was ill, growing up in all other respects as a healthy child. Together
with the CT scan, a bronchoscopy was also performed. The results indicated I also had
PCD. The doctors explained to my parents and me what it was and that PCD was the
origin of my bronchiectasis. What I do not remember, however, is getting a clear
explanation of what bronchiectasis would imply for my life or how it would develop.
They just did not know.

I was sent to physiotherapy to improve my lung clearance and advised to avoid all
situations that could make me ill, such as getting a cold or tonsillitis.

So, growing up as a child and a teenager was not easy. Since I was a child, I could not go to
swimming classes because my parents were afraid I would get ill having my hair wet after
class; my schoolmates and a few teachers did not understand my problem, and some of
them even laughed at me in gym class because I had to stop running after only a few laps.
As a teenager my parents would not let me go out to dance with my friends in clubs due to
the smoky atmosphere there. Although I did not have many chest infections each year, I
still missed a lot of trips at school. Even plans for going to the cinema on the weekend
were spoiled due to colds, tonsillitis or sinusitis. My fellow patients at the physiotherapy
centre I attended were much older than me (the youngest was about 40 years old, while I
was 13 years old). I felt limited, always reminded that I was an ill person, never feeling I
had a normal life or was in the right place. That made me feel really alone and not
understood, neither by my parents nor my friends.

By the age of 19 years I had become more stable, I had few infections per year, my FEV1

was almost normal and I was healthy in every other respect (apart from suffering migraines
since the age of 12 years and intestinal disorders). I was always quite careful about my
health and I managed to have a pretty normal life: I was attending college, began to work
and also went to swim three times a week, or run on some days.

2 https://doi.org/10.1183/2312508X.10015117
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A turning point

My “normal” life ended dramatically in 2000, when I was hospitalised five times in
11 months and contracted Pseudomonas aeruginosa infection. My FEV1 dropped to 60%
and my fatigue increased a lot. In addition to the intravenous treatments, I started with
inhaled tobramycin and azithromycin. I felt really scared because I had never been like this
before. Everything in my life was turned upside down that year. I had to stop exercising, it
was hard to keep up with college and I was off work a lot of time.

However, when I started the inhaled treatment I was hopeful and expected a full recovery.
For a whole year I did not have any exacerbations and my sputum cultures were negative,
so my pulmonologist decided it was time to stop the treatment. Then, only 1 month later, I
had an exacerbation again and my doctor told me that I was colonised by P. aeruginosa.
That was the moment I completely panicked. All I could think about was “Is my life going
to be the same as last year from now on?”, “If my FEV1 dropped to 60% in 1 year … will I
need oxygen soon?”, “What is my life expectancy?, “Will I die a young person?”. It was too
much to endure at the time and I had my first episode of depression.

From the age of 24 years until the present day I have been having rough times, not-so-bad
times and really bad times. I still require hospitalisations and i.v. treatments from time to
time and continuous attention. In these years other health problems were added. I have
chronic fatigue, irritable colon, vitamin deficiencies, osteoporosis, mitral valve prolapse and
a coagulation disorder I learned of when I had a major thrombosis after an i.v. treatment
with a central line in 2007. In 2005, I went to the rheumatologist to check on my fatigue
and, in a screening test looking for causes, hepatitis C came back positive. My hepatologist
suggested I was most likely exposed to it at the age of 6 years from a blood transfusion
during surgery. In 2017, I finally got treatment for it and I am now cured. I also have
sinusitis and underwent surgery at the start of 2017, which revealed a massive Aspergillus
infection in my sinus. Learning about all these other comorbidities, managing the
frustration of not being able to do all I want to, the constant tiredness and the lack of
health, my relationship with others, the uncertainty and fears about the future … those are
things I have been struggling with and which led me to another two episodes of depression.

What matters to patients in daily life

My daily life now is waking up already tired, sometimes just due to chronic fatigue,
sometimes because I have been awake coughing all night. I am a freelance and work at
home (I went for this professional option after being fired twice for being off work too
much) and that spares me the waste of energy, which I do not have, of going to the office. I
have learned to minimise as much as I can my stress and anxiety levels that make me get ill
a lot of times. I do respiratory physiotherapy at least once a day to keep my lungs clear as
best as I can. However, coughing and sputum plague me all day long, something that
always makes me feel embarrassed when I am with other people. Coughing up sputum is
always unpleasant.

I live with my parents at the moment (not married or with children) so I do not have to
do all of the housework myself, which is hard to keep up with aside from gainful
employment, especially when I am ill with an exacerbation.

https://doi.org/10.1183/2312508X.10015117 3
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I am very careful with my diet, avoiding pro-inflammatory foods and eating as healthily as
possible in order to keep my gut microbiome balanced. I also try to do some exercise to
improve my muscle condition and lower my heart rate. It is very annoying to be short of
breath just by going up a flight of stairs or walking fast. Moreover, there are those mundane
tasks, such as buying groceries, cleaning the house and, in the case of some patients, having
to take care of their children or their elders, that you just cannot quit doing abruptly.

I avoid leaving home whenever there is too much pollution in the air or there is a flu or
cold epidemic. Sometimes I have been at home for 2 weeks in a row without going out,
trying not to get ill.

So, let us list the main aspects of bronchiectasis that I have to manage and worry about
every day: tiredness, not sleeping well, cough, sputum, exacerbations, being fit, avoiding
shortness of breath and carrying on with my daily duties, managing anxiety, and avoiding
infections from other ill people or a polluted environment.

In 2016, a study was undertaken by the European Multicentre Bronchiectasis Audit and
Research Collaboration (EMBARC) and European Lung Foundation (ELF) to identify
research priorities in bronchiectasis [1]. That study showed that these issues are not
exclusively a worry of mine, but quite the same for a majority of bronchiectasis patients.

Figure 1a presents the outcomes of one of the questionnaires distributed during the
EMBARC/ELF study to identify which aspects of bronchiectasis were more difficult to
manage for patients or relatives/friends of a patient. There were 711 respondents from
22 European countries. In figure 1b, a comparison between the percentage of respondents that
found aspects of bronchiectasis difficult or very difficult and the percentage of respondents
who identified these same aspects as “not an issue” shows us that, for patients, the most
difficult aspects of managing bronchiectasis are indeed: sputum, exacerbations, tiredness, not
feeling fit for daily activities, shortness of breath and cough, followed by approximately 50%
who also find sleeping problems and anxiety to be difficult aspects to manage.

What patients need to see improved

The main aim of the EMBARC/ELF study was to identify the most important research
topics for both patients and physicians that would remove some of the barriers
encountered in bronchiectasis care and answer common questions patients worry about
[1]. These topics were grouped into four areas of research (bronchiectasis management by
doctors, treatment, monitoring and self-management by patients). The results of all 29
research questions are reported in supplementary figures S1–S4. Figure 2 represents the top
10 topics across all four research areas.

I think the first problem patients find is the delay in diagnosis. In my case the delay was at
least 7 years, but the average delay is 10 years. During that time patients are transferred from
one doctor to another, doing tests and sometimes being misdiagnosed, and therefore getting
the wrong treatment, distressed by not knowing what the origin of their respective problem is.
It is awesome to see what a relief just putting a name to it means to a patient. It provides a
certain sense of control and also allows patients to know what questions to ask next.

When a patient is first diagnosed with bronchiectasis, the first questions normally are:
“What is bronchiectasis and what causes it?”, “How should I expect the condition to
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evolve?”, “What will it imply for my health and maybe other conditions I have?” and “How
to avoid exacerbations (triggers, colds, contagions)?”.

The delay in diagnosis is the first thing that indicates the lack of knowledge and awareness
about bronchiectasis is not just among healthcare professionals, but in society in general,
which does not yet have answers to most of the questions. However, a lot of good work is
being done, and research projects have been started thanks to EMBARC and ELF that are
expected to provide more specific answers in the coming years.

Owing to the characteristics of bronchiectasis, it may end in colonisation of the lung with a
pathogen such as P. aeruginosa or Haemophilus influenzae. Patients’ concerns are also
about treatments and the possibility of eradicating those pathogens or how to avoid
resistance, and likewise about the feasibility of treatments not based exclusively on
medicines, such as physiotherapy and rehabilitation.

90a)

70
80

60
50
40
30
20
10

0

R
es

po
nd

en
ts

 %

Sp
ut

um

Ex
ac

er
ba

tio
ns

Ti
re

dn
es

s

Co
ug

h

Sl
ee

pi
ng

 p
ro

bl
em

s

An
xi

et
y

Fe
ve

r

W
ei

gh
t l

os
s

Co
ug

hi
ng

 u
p 

bl
oo

d

D
ep

re
ss

io
n

N
ot

 fe
el

in
g 

fit
 fo

r
da

ily
 a

ct
iv

iti
es

Sh
or

tn
es

s 
of

 b
re

at
h

Em
er

ge
nc

y 
ho

sp
ita

l
ad

m
is

si
on

90b)

70
80

60
50
40
30
20
10

0

R
es

po
nd

en
ts

 %

Sp
ut

um

Ex
ac

er
ba

tio
ns

Ti
re

dn
es

s

Co
ug

h

Sl
ee

pi
ng

 p
ro

bl
em

s

An
xi

et
y

Fe
ve

r

W
ei

gh
t l

os
s

Co
ug

hi
ng

 u
p 

bl
oo

d

D
ep

re
ss

io
n

N
ot

 fe
el

in
g 

fit
 fo

r
da

ily
 a

ct
iv

iti
es

Sh
or

tn
es

s 
of

 b
re

at
h

Em
er

ge
nc

y 
ho

sp
ita

l
ad

m
is

si
on

Difficult/very difficult

Not an issue

Figure 1. a) Aspects of bronchiectasis found either difficult or very difficult by patients. b) Aspects of
bronchiectasis found difficult or very difficult by patients in comparison with the percentage of patients who
identified the same aspects as “not an issue”. Reproduced and modified from [1] with permission.
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Finding evidence about the best possible treatment for each individual case will require
more research, where patients comprise one key stakeholder group. In fact, trials without
patients make no sense. Therefore, it is crucial to involve patients in research and inform
them about the benefits of their participation. One of the main fears patients have is how
all this information is going to be managed and therefore confidentiality is a key issue to be
resolved to ensure their involvement. It is also important that in the design of the trial the
patients are able to give their opinion about the feasibility of the trial in the real
environment of their lives and their expected adherence for the trial to be successful.

About aspects not covered by the EMBARC/ELF study

However, there are still a number of aspects that research will not be able to solve by
itself, and that need to be tackled by the healthcare systems and societies in each country
across Europe.

1) Access to treatments: not all diagnostic tests and medicines are available in every
country (perhaps because of the costs or maybe the lack of infrastructure).

2) Access to rehabilitation or physiotherapy is not always available, and also depends on
the location where the patient lives and how far they are from a healthcare centre.
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Figure 2. The top 10 topics ranked across all four research areas (condition management, treatment,
monitoring and self-management). NCFBE: non-CF bronchiectasis; HCP: healthcare professional. Data from [1].

6 https://doi.org/10.1183/2312508X.10015117

ERS MONOGRAPH | BRONCHIECTASIS



3) The same applies to patients’ access to home care, and this also needs to be addressed to
improve the quality of life of patients and carers.

4) A really important issue is to provide patients with attention from a multidisciplinary
team, where specialists communicate and coordinate their work. A lot of patients have
comorbidities which require treatments that may interfere with bronchiectasis treatment.
Patients should only worry about taking care of themselves, not having to inform each
specialist about changes in other treatments or how it would affect their general health.

5) In connection with multidisciplinary teams, it is important to highlight the necessity of
a holistic approach to the patient. Integrated medicine is necessary, considering that areas
such as nutrition and mental healthcare are as important as the rest. In the case of mental
healthcare, the struggle is real and patients who learn how to ease their minds can better
self-manage their condition and enjoy a better quality of life. This aspect is also important
for carers. As you can read in my story, my parents suffered as much or even more than I
did; families and carers are the most important support patients have.

In order for healthcare systems to apply some of these changes, it is necessary to educate
and inform society in general better about this disease and the impact that a correct
diagnosis and providing a better treatment can have on costs.

Conclusion

We need to promote awareness of bronchiectasis and its management among healthcare
professionals, patients and society. To that end it is necessary to keep researching, involving
patients and carers in the process, because they are ultimately the recipients of all the work
done by healthcare professionals and researchers, and there is no one who better knows
their needs and how to improve their quality of life.

Education is also essential, both for patients and healthcare professionals. All professionals
should be better informed, be they healthcare professionals, specialists in different areas of
expertise or basic general practitioners, in order to ensure better management and
treatment of patients. Education for patients means empowerment to them and better
self-management of their condition.

In 40 years I have found a lot of barriers, lack of information and uncertainty. However, in
the last few years I have seen a great deal of effort and excellent work put into improving
bronchiectasis knowledge and awareness. This makes me feel really hopeful because now I
know that, even though there is still a lot to do, we are on the right path. Just the fact that
this chapter is being published, and knowing that you, whoever you are, are reading this, is
good proof of that.
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| Chapter 2

Pathophysiology
Rita Boaventura1, Amelia Shoemark2,3 and James D. Chalmers2

Bronchiectasis pathophysiology is heterogeneous, complex and poorly understood. Cole’s
vicious cycle hypothesis has been central to our understanding of the development and
progression of bronchiectasis since the 1980s. This concept allowed us to focus on four
different components: inflammation, airway structural damage, impaired mucociliary
clearance and infection. Infection is the dominant stimulus for neutrophil recruitment to the
airway and is considered to be a major driver of disease progression in bronchiectasis.
Although bacterial pathogens are the most clinically important, mycobacteria, viruses and
fungi are also identified in stable bronchiectasis, and contribute to disease phenotype and
progression. Exacerbations in bronchiectasis are likely to be heterogeneous events with
multiple potential causative factors. Dysfunction of cilia and an increase of mucus leaves the
respiratory epithelium vulnerable to infection. Ciliary dysfunction can be primary or acquired
through inflammation and infection. New technologies including whole-genome sequencing,
metagenomics and big data are increasing our ability to cut through the heterogeneity of
disease. Significant progress has been made in our understanding of the pathophysiology of
bronchiectasis; however, there are many unanswered questions necessitating a renewed effort
by the scientific community.
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[https://doi.org/10.1183/2312508X.10021218].

@ERSpublications
Bronchiectasis pathophysiology is heterogeneous and complex. There are still many
unanswered questions that need to be addressed by the scientific community but major
progress has been made in the past decade. http://ow.ly/DUMMYXXXXX

The lack of both experimental/animal models and translational research in general
means that there are major gaps in our understanding of the pathophysiology of the

majority of causes of bronchiectasis [1, 2]. Much of the existing research has either been
conducted in specific underlying causes of bronchiectasis (e.g. CF or PCD) or involves
studies enrolling patients with advanced disease [3–6]. This latter approach is useful,
although it is difficult to separate the effects of the disease from those defects representing
the underlying cause of the disease. Bronchiectasis is a heterogeneous disease [7, 8]. The
biological pathways involved in disease progression are likely to be at least as diverse as
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those involved in different subtypes of COPD and asthma [9–12]. Subtypes of
bronchiectasis have been traditionally considered in terms of the cause of the disease, but
increasingly it is recognised that the underlying cause accounts for only a small percentage
of the disease heterogeneity [13–17].

The failure to progress with many antibiotic and, particularly, anti-inflammatory
compounds suggests that a lack of understanding of the underlying biology of the disease is
hampering clinical development and ultimately impacting on patient outcomes [18–21]. It
is therefore critical to understand how bronchiectasis develops and also how it progresses in
order to develop new therapies [22].

This chapter considers our current knowledge on the underlying biology of bronchiectasis.

The vicious cycle hypothesis

Cole’s vicious cycle hypothesis has been central to our understanding of the development
and progression of bronchiectasis since the 1980s [23]. The vicious cycle allows us to focus
our understanding of bronchiectasis on four different components: airway structural
damage, impaired mucociliary clearance, inflammation and infection [23, 24].

As depicted in figure 1, the underlying causes of bronchiectasis can be considered in terms
of where individual patients enter the cycle. A patient with NTM may enter the cycle due
to an infection that provokes inflammation and, then, the development of structural
damage. Another patient with rheumatoid arthritis may develop immune-mediated lung
inflammation that causes airway damage and the development of bronchiectasis [26–31].
Finally, the pathophysiology of a patient with PCD begins with a failure in mucociliary
clearance that leads to an increased susceptibility to infections [5, 32, 33]. Although this is

ABPA
Connective tissue disease
IBD

Pneumonia
NTM
Infection associated with immunodeficiency

Tracheobronchomegaly
Other congenital syndromes
Fibrosis causing traction

PCD
CF

Airway
inflammation

Bacterial
infection

Airway
structural damage

Failure of 
mucociliary clearance

Figure 1. The vicious cycle of bronchiectasis including the key components leading to disease progression
and the entry point into the cycle based on aetiology. Reproduced and modified from [25] with permission.
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a useful model, it might be overly simplistic, as structural damage could just as easily be the
reason for NTM infection, and some causes such as ABPA have features of inflammation,
infection and failed mucociliary clearance [34, 35].

Is bronchiectasis necessary for the initiation of the vicious cycle? Whereas traditional
thinking was that the cycle is initiated by structural damage leading to bronchiectasis,
which is then followed by inflammation and infection, this concept has been challenged
by the identification in children of a pre-bronchiectasis condition named persistent
bacterial bronchitis that consists of episodes of wet cough that are not, at least initially,
associated with structural lung damage [36, 37]. Patients show evidence of neutrophilic
inflammation and airway infection similar to patients with established bronchiectasis,
clearly suggesting that the cycle can be initiated at any of its four core components.
Similar findings have been demonstrated in CF, where inflammation precedes the
development of bronchiectasis [38, 39].

Once bronchiectasis is established, the interdependent processes of infection and
inflammation can be considered to perpetuate the cycle [40, 41]. Increasing infection and
inflammation can therefore lead to disease progression. “Breaking the cycle” is thus an
accepted therapeutic concept in bronchiectasis, and is the principle underlying treatments
such as inhaled antibiotics and anti-inflammatory drugs [19, 42–44].

We will now consider each of the components of the vicious cycle and the evidence for
their contribution to disease pathogenesis.

Airway inflammation and immune dysfunction

Bronchiectasis patients, particularly those with severe disease, show extensive infiltration of
the airways with inflammatory cells, and sputum from bronchiectasis patients contains
abundant neutrophils and other inflammatory cells [45–49]. Figure 2 shows typical airway
histology from patients with bronchiectasis.

This inflammatory infiltrate represents the final outcome from a series of coordinated responses,
including recruitment, activation and retention of inflammatory cells (pro-inflammatory
responses), and failure of anti-inflammatory responses, including apoptosis of inflammatory
cells, clearance of apoptotic cells, resolution of inflammatory mediator release and epithelial
repair [51–54]. Our knowledge of each of these mechanisms in different inflammatory cells is
discussed in the following sections.

Neutrophils

Bronchiectasis is a classically regarded as a neutrophil-dominant disorder. However, studies
suggest that up to a third of patients have eosinophil-dominant airway inflammation [55, 56].

The presence of neutrophils in the airway is reflected by high concentrations of the granule
products neutrophil elastase, myeloperoxidase and matrix metalloproteinases in sputum
and BAL [48, 57–59]. Neutrophil recruitment to the airway is controlled by a series of
mediators including CXCL8, leukotriene B4, complement component C5a, IL-1β, TNF-α
and IL-17, among others [60–62]. Upon arriving in the inflamed lung, high concentrations
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of these chemoattractants serve to trigger neutrophil activation and degranulation, and are
intended to promote bacterial killing.

Bacterial killing by neutrophils in blood occurs primarily through phagocytosis, an
intracellular pathway of killing that is efficient and causes minimal collateral damage to the
host [46, 63]. Neutrophils can also trap and potentially kill pathogens through an
extracellular pathway associated with neutrophil extracellular trap formation (NETosis)
[64]. NETosis has been reported in CF, COPD, asthma and bronchiectasis airways [64–67].
Bacteria commonly isolated from the bronchiectasis airway (e.g. Pseudomonas aeruginosa,
Haemophilus influenzae and Staphylococcus aureus) have developed extensive defence
mechanisms that make them resistant to killing by NETosis [68].

Neutrophil phagocytosis is dependent on binding of neutrophil cell surface receptors, such
as complement and Fcγ receptors to IgG and complement (C3b/C4b and iC3b)-coated
microbial targets. Neutrophil phagocytosis in the airway is thought to be impaired in
bronchiectasis through cleavage of complement and Fcγ receptors by neutrophil elastase, or
by cleavage of Ig or complement from the pathogen surface by elastase [1, 69]. Elastase is
not the only neutrophil-derived product that impairs phagocytosis. VOGLIS et al. [46]
showed that defensins impair phagocytosis through complex effects on intracellular calcium
flux and the actin cytoskeleton. The majority of data in CF and bronchiectasis has focused
on the role of neutrophil elastase, and its inhibition has been attempted as a therapeutic
approach, albeit in small trials [70, 71]. Recent work shows that sputum neutrophil elastase
activity correlates with disease severity, FEV1, radiological extent and sputum volume, and
can predict future exacerbations as well as lung function decline [48, 72].

The effects of neutrophil elastase and other factors result in impaired phagocytosis within
the bronchiectasis airway. Multiple studies have suggested no major defect in the function

a) b)

Figure 2. Histopathology of bronchiectasis. a) Bronchiectatic airway wall with luminal pus, neutrophil
infiltration of the airway epithelium and a dense chronic inflammatory cell infiltrate. Original magnification
×40. b) Bronchiectatic airway wall with dense chronic inflammatory cell infiltrate, which includes lymphocytes,
plasma cells and eosinophils. Original magnification ×20. Reproduced from [50] with permission.
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of neutrophils in blood, with several showing no defect in the phagocytosis of bacteria ex
vivo from blood neutrophils and no differences in oxidative burst or expression of
activation receptors [46, 73–75]. The finding of no major defect in systematic neutrophil
function fits with the clinical observation that patients with bronchiectasis do not
experience an increased risk of nonpulmonary infections as would be expected with a
major systemic neutrophil defect. Resolution of inflammation may be impaired in
bronchiectasis and studies of neutrophil clearance by macrophages are discussed in the
following section.

Macrophages, T-cells and eosinophils

Much less is known about the function of inflammatory cells other than neutrophils in
bronchiectasis. Macrophages are a key first-line defence against pathogens and total
numbers are increased in bronchiectasis in proportion to severity of disease [76, 77].
Macrophages critically regulate neutrophil numbers in the airway through secretion of a
number of the key neutrophil chemoattractants and also through efferocytosis (the
clearance of apoptotic neutrophils from the airway) [78–80]. Efferocytosis is difficult to
study in vivo, but there is indirect evidence of reduced apoptosis and apoptotic cell
clearance in bronchiectasis [80–82]. In a key study, WATT et al. [53] examined apoptosis
and necrosis by flow cytometry and microscopy in patients with bronchiectasis at acute
exacerbation and following antibiotic treatment. Most cells were viable in patients with an
exacerbation, suggesting an ongoing stimulus to prevent apoptosis, most likely due to the
high concentrations of neutrophil activating cytokines, chemokines and bacterial products
present in the airway. At day 14, where bacterial clearance would be expected to result in a
resolution of inflammation, there was an increase in secondary necrotic neutrophils, suggesting
that efferocytosis was impaired [53]. Neutrophil elastase cleavage of phosphatidylserine has
been identified as one potential mechanism of impaired efferocytosis [81]. The airway also
contains high concentrations of mediators such as vitamin D binding protein that should
stimulate macrophage activation and efferocytosis [83, 84]. The WATT et al. [53] study
identified impaired efferocytosis 14 days after antibiotics where neutrophil elastase activity
was low, suggesting that the precise mechanisms of impaired efferocytosis in bronchiectasis
have not been identified.

Eosinophilic inflammation clearly has the potential to contribute to the pathogenesis of
inflammation since T-helper (Th) type 2 cell/eosinophil-driven conditions such as ABPA
and severe asthma can be associated with bronchiectasis [55, 56, 85, 86]. Studies of sputum
cell counts show 10–30% of patients have airway eosinophilia in bronchiectasis using
established cut-offs such as 3% eosinophils. Eosinophilia is therefore potentially as common
in bronchiectasis as it is in COPD, where eosinophilia has been identified as an endotype
or “treatable trait” that predicts response to inhaled corticosteroids. Similar data are not yet
available for bronchiectasis [22, 87, 88].

Adaptive immunity is also likely to be important in bronchiectasis. The airway is rich in
lymphocytes and disorders with abnormal T-cell function are associated with
bronchiectasis, such as chronic lymphocytic leukaemia and transporter antigen presentation
deficiency syndrome. HIV is also associated with an increased frequency of bronchiectasis
[45, 89–91]. Reduced levels of Ig in disorders such as common variable immunodeficiency
are clearly associated with bronchiectasis and the progression of disease can be slowed by
replacement Ig [92, 93]. The roles of more subtle immune defects such as failure of specific
responses or IgG subclass deficiencies are controversial [35, 94].
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Advances in genomics are now permitting new mechanisms of dysregulated immunity in
bronchiectasis to be identified. Activated phosphoinositide 3-kinase δ syndrome is an
autosomal dominant primary immunodeficiency caused by gain-of-function mutations in
PIK3CD (the gene encoding the catalytic subunit of phosphoinositide 3-kinase δ) that has
been described recently [95, 96]. Phosphoinositide 3-kinase δ is expressed predominantly in
leukocytes, and regulates their proliferation, survival and activation. Descriptions of patients
with these mutations have identified abnormally activated lymphocytes with increased
levels of phosphatidylinositol 3,4,5-trisphosphate and phosphorylated AKT protein with
enhanced signalling through mammalian target of rapamycin [95]. Patients suffer from
recurrent respiratory infections and bronchiectasis as well as extrapulmonary manifestations
such as lymphoproliferation and lymphoma. Further genomic and directed approaches are
likely to result in identification of other ways in which lymphocyte dysfunction contributes
to bronchiectasis pathogenesis [97].

Epithelial inflammation

Although primarily discussed in terms of the contribution of ciliated epithelium to mucus
clearance, the epithelium should also be regarded as a key component of the immune
response [98–100]. The inflamed epithelium releases inflammatory mediators that attract
inflammatory cells and also produces antimicrobial peptides such as LL-37 that have been
shown to be elevated in severe bronchiectasis [83, 101]. Mucin production aids host
defence against bacteria, but also contributes to inflammation and obstruction. Mucins are
altered by the presence of bacterial infection [102–105].

Other mechanisms

Patients with bronchiectasis show high levels of oxidative and nitrosative stress [106–108].
Regions of the bronchiectasis lung are likely to be hypoxic and hypoxia exacerbates
neutrophilic inflammatory responses [109]. Altered pH and ionic conditions are also likely
to have major contributions to disease pathogenesis, but have been largely unexplored.

Mucociliary clearance in the pathogenesis of bronchiectasis

In health individuals, the respiratory epithelium is lined with multiple motile cilia.
These beat continuously in a coordinated manner, forming an escalator that clears
overlying mucus from the airways [108, 110]. Mucus traps inhaled bacteria, viruses and
particulate matter, which are then transported by the cilia and expectorated or
swallowed. The mucociliary escalator is one of the first lines of defence of the airways
against infection.

Dysfunction of cilia and an increase of mucus leaves the respiratory epithelium vulnerable
to infection. Inherited dysfunction of mucociliary clearance in the form of PCD is one
of the few known causes of bronchiectasis and is thought to account for 2–10% of cases
[75, 85, 111, 112]. Due to repeated infections, most people with PCD will have developed
bronchiectasis by adulthood [111]. Inherited conditions such as PCD are not the only
cause of ciliary dyskinesia. Several interlinking environmental and physiological factors
can also cause ineffective mucociliary clearance. Most patients with bronchiectasis are
believed to suffer from slow mucociliary clearance and ciliary dyskinesia secondary to
chronic bacterial infection and neutrophilic inflammation [110, 113, 114]. High levels of
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inflammation have been shown to increase mucus production in vitro and bacterial
products (e.g. pyocyanin produced by P. aeruginosa) have been shown to slow ciliary beat
frequency [114, 115]. Bacterial infection and protease products (e.g. neutrophil elastase)
can also damage the ciliated epithelium, negatively impacting on effective clearance [114].
Both P. aeruginosa infection and increased neutrophil elastase concentration have been
associated with worse disease severity and increased exacerbation frequency in
bronchiectasis, although the extent to which this is due to their combined effects on
ciliary function is unknown [48, 116–118].

Secondary cilia dyskinesia has not been extensively studied in bronchiectasis, and it is
likely that bacteria and neutrophil elastase are not the only modulators of cilia function.
Exome sequencing has identified abnormal cilia genes contributing to idiopathic NTM
infection and genes associated with PCD have also been shown to contribute to disease
progressive in CF [119, 120]. It is therefore highly likely that a combination of primary
and secondary cilia dysfunction will be identified in bronchiectasis, but such studies
are still awaited. Renal cysts develop because of defective cilia in autosomal dominant
polycystic kidney disease and a significant number of these patients develop
bronchiectasis. Pulmonary histology from healthy controls shows that motile cilia
express polycystin-1, the protein encoded by the gene defect in this disorder [121]. A
summary of influences on cilia function that have been described in bronchiectasis is
shown in figure 3.

PCD is not the only congenital form of bronchiectasis; anatomical defects of the airway
such as tracheomalacia, bronchomalacia and tracheobronchomegaly also result in defective
mucus clearance and progressive bronchiectasis [122, 123].

The function of the CFTR protein in bronchiectasis is an area of controversy and
confusion in the literature, with some studies suggesting a higher than expected frequency
of CFTR gene mutations and abnormal CF functional tests such as the sweat test, and
other studies show no higher frequency than would be expected in the general
population. In an Australian cohort study, KING et al. [124] identified four classical CFTR
mutations in 100 subjects, which is exactly the 1:25 frequency that would be expected in
the general population. In contrast, a Spanish study identified CFTR mutations in 36%
of “non-CF bronchiectasis” patients [125], and BIENVENU et al. [126] characterised a cohort of
122 patients with normal sweats tests and identified a high rate of CFTR mutations and
abnormal nasal potential difference in non-CF patients. BERGOUGNOUX et al. [127] analysed
the whole coding region of the CFTR gene, its flanking regions and the promoter in 47
patients with diffuse bronchiectasis and 47 controls. They identified 24 CFTR variants in
bronchiectasis patients and 27 in controls, suggesting no relationship between CFTR
mutations or function and bronchiectasis [127]. Thus, the involvement of CFTR mutations
and CFTR function in bronchiectasis remains to be resolved in larger studies.

Structural lung damage

Bronchiectasis is a structural abnormality of the bronchial wall in the form of dilatation of
the bronchi. The macroscopic pathology can range from cystic or sacular bronchiectasis,
where there can be large balloon-like terminal dilatation of the bronchi, to less severe
cylindrical bronchiectasis, where there is often diffuse bilateral dilatation, most commonly
affecting the lower lobes. The intermediate form is varicose bronchiectasis, where local
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constrictions are superimposed on cylindrical changes. The most common form is cylindrical
bronchiectasis and more severe cystic bronchiectasis is rarely seen.

Post mortem bronchiectatic airways are inflamed, tortuous and often obstructed by
excess secretions. Dilatation of the bronchi occurs due to destruction of the elastin layer,
and to a lesser degree the destruction of the muscle and cartilage layers. The bronchial
wall is weakened by these changes and dilatation occurs. Bronchi of the third and fourth
order are most frequently affected, the substantial cartilage in the first orders being
protective. The process also often involves the bronchioles and obstruction may result in
complete fibrosis of small airways. The airway epithelium is usually damaged and ciliated
cells are lost.

Normal epithelium

Neutrophilic inflammation

Bronchiectatic epithelium

Granular products: neutrophil elastase
Reactive oxygen species: H2O2

Loss of cilia, ciliary dyskinesia, slowed ciliary beat and ineffective mucociliary transport

Mechanical effects
Sputum viscosity
Mucin composition

Genetic
PCD
Polycystin
CFTR
ENaC

Bacterial or viral Infection
Pseudomonas aeruginosa: pyocyanin and cyanide
Haemophilus influenzae
Streptococcus pneumoniae: pneumolysin
RSV

Effective transport of pathogensMucus layer

Ciliated cells Goblet cell

Figure 3. Factors influencing cilia beat frequency and cilia function in bronchiectasis. H2O2: hydrogen
peroxide; RSV: respiratory syncytial virus; ENaC: epithelial sodium channel.
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Airway infection

Infection is the dominant stimulus for neutrophil recruitment to the airway and is
considered to be a major driver of disease progression in bronchiectasis [40, 102, 128, 129].
Although bacterial pathogens are the most clinically important, mycobacteria, viruses and
fungi are also identified in stable bronchiectasis, and contribute to disease phenotype and
progression [130–133]. Patients become chronically infected with Gram-negative organisms,
such as H. influenzae, P. aeruginosa, Moraxella catarrhalis and the Enterobacteriaceae, or
Gram-positive organisms, such as S. aureus and Streptococcus pneumoniae. Gram-negative
infection becomes more frequent as the disease becomes more severe, suggesting a progressive
impairment in antimicrobial defence [3, 16, 134, 135].

Bacteria adapt to the airway to promote persistence, evade killing by antimicrobial peptides
and inflammatory cells, and to survive in the hostile lung environment. HILLIAM et al. [136]
recently used whole-genome sequencing of 189 P. aeruginosa isolates from 91 patents and
demonstrated the complexity of P. aeruginosa infections in bronchiectasis. P. aeruginosa
demonstrated loss-of-function mutations leading to differences in nutrient acquisition and
enhanced biofilm formation with loss of virulence factors, suggesting extensive adaptation of
the organism to the lung environment. This and other studies have suggested different
dynamics in the way that P. aeruginosa is acquired with multiple lineages of P. aeruginosa
detected, suggesting patients experience multiple infection events where they acquire different
lineages [136, 137]. WOO et al. [137] studied P. aeruginosa isolates from 40 bronchiectasis
patients and observed that virulence of the organisms decreased over time, an adaptation to
chronic infection that is also seen in CF and is designed to “hide” the organism from the
immune system to promote persistence. The same group recently described the dynamics of
airway infection in bronchiectasis, describing four distinct patterns of disease in which patients
1) could be infected with the same strain over time, 2) could observe replacement of strains
with others over time, 3) could experience temporary disruption followed by re-establishment
of a dominant strain or strains and 4) could experience chaotic patterns of airway infection.
Acquisition of new P. aeruginosa strains is not necessarily associated with exacerbation.

Acquisition of microorganisms in bronchiectasis is thought to be primarily from the
environment. Several studies have now documented isolated cases of acquisition of
P. aeruginosa from other patients (primarily from patients with CF), but the larger
sequencing and typing studies have not shown significant levels of cross-infection [138, 139].
The European Multicentre Bronchiectasis Audit and Research Collaboration (EMBARC)
recently reviewed the evidence for cross-infection and concluded that a significant risk has
not yet been established [140–142].

P. aeruginosa is a key bronchiectasis pathogen as it is the most common in most specialist
centres in Europe and it is linked to poor clinical outcomes, such as increased mortality, worse
quality of life and increased exacerbation frequency [116, 143, 144]. H. influenzae is, by
contrast, a very common but less-studied pathogen in bronchiectasis. Lung infection in
bronchiectasis is caused by nontypeable strains of H. influenzae, in contrast to systemic
infections that are typically caused by typeable strains such as type b [145, 146]. Nontypeable
H. influenzae is a normal upper respiratory tract commensal, but elicits a strong inflammatory
response when it infects the lower airway [52]. Several studies now show that H. influenzae
infection is associated with increased markers of inflammation such as myeloperoxidase, IL-1β
and CXCL8 [40, 61, 147, 148]. As nontypeable H. influenzae is an important pathogen in
COPD, a lot of the work on its clinical implications has derived from COPD where it is

16 https://doi.org/10.1183/2312508X.10021218

ERS MONOGRAPH | BRONCHIECTASIS



associated with loss of microbiota diversity and the formation of neutrophil extracellular traps
[64, 145]. H. influenzae directly promotes the formation of traps, likely because nontypeable
H. influenzae is resistant to NETosis and this therefore promotes persistence [68]. Failure of
neutrophil killing is important in the pathogenesis of nontypeable H. influenzae infection,
but cilia dysfunction may also be relevant as nontypeable H. influenzae is the dominant
pathogen in PCD [149, 150]. Nontypeable H. influenzae may directly inhibit damage cilia
to promote persistence through the production of lipooligosaccharide, protein D and a
mechanism mediated by protein kinase Cε through which cilia beat frequency is reduced
[151]. H. influenzae has also been shown to have extensive effects on the airway epithelium
and on innate and adaptive immunity (reviewed by KING et al. [52]).

The significance of other pathogens such as S. aureus is not completely known. Infection with
enteric Gram-negative organisms appears to be associated with an overall worse prognosis
than infection with nontypeable H. influenzae or Gram-positive organisms [152, 153].

NTM can be either a cause or a consequence of bronchiectasis and were reported to be the
dominant organisms in the US Bronchiectasis Research Registry, although this is impacted
somewhat by the sites involved in the registry being NTM referral centres in a number of
cases [154]. MAC is the most frequently isolated NTM in bronchiectasis [27, 133, 154].
Such patients may have a distinct morphotype associated with pectus excavatum, scoliosis,
mitral valve prolapse and other features [155, 156]. Patients are often slim, tall females and
an association with connective tissue diseases has been proposed. The genetic changes
underlying NTM disease appear to be complex, with variants in immune-, cilia- and
CFTR-related genes increasing susceptibility to infection [120]. NTM-affected patients
often have co-infection with bacterial pathogens, particularly P. aeruginosa, and appear to
be more susceptible to Aspergillus-related disease, suggesting a shared susceptibility across
these different infections.

The microbiology of bronchiectasis is being gradually redefined with the advent of
sequencing-based technologies that allow the molecular identification of organisms and
the profiling of bacterial communities in the lungs [157, 158]. There have been a number
of “microbiome” studies conducted in bronchiectasis to date. The overall message of these
studies is that 16S-based sequencing studies identified dominant organisms that are
similar to culture-based studies, with the most severe disease being associated with
dominance of the microbiome by Haemophilus and Pseudomonas [128, 159–162].
Agreement between culture and microbiome results is modest, but in some cases
(e.g. S. aureus infection) culture was actually more sensitive and so it is not as simplistic as
to suggest that the microbiome should replace culture or is always more sensitive [162].
Loss of diversity, in which either the richness or evenness of the bacterial communities is
lost, has been shown to be associated with lower FEV1 [160]. Dominance of Pseudomonas
and Haemophilus is associated with increased exacerbations, although groups of patients
without recognised pathogens with dominance of anaerobes have also been observed and
the underlying biology in this group is not understood [160, 161]. There is an absence of
longitudinal studies. The mechanisms by which the bronchiectasis airway becomes
dysbiotic are complex, and can be considered in terms of competition between factors that
aim to preserve a normal airway flora (e.g. innate host defences and resident microbiota)
and factors that “tip the balance” in favour of dysbiosis (e.g. dysfunctional immune
responses, pathogen virulence, local nutrient availability and ciliary dysfunction).
Antibiotic therapy is also highly likely to contribute to dysbiosis by killing off competing
resident microbiota (figure 4).
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One study that examined changes over time found no consistent pattern in the microbiome
from visit to visit or between stability and exacerbation [162]. A secondary analysis of the
BLESS (Bronchiectasis and low-dose erythromycin study) randomised trial of erythromycin
found that antibiotic treatment reduced the abundance of macrolide-sensitive organisms
such as Haemophilus, resulting in an increased relative abundance of macrolide-resistant
organisms such as Pseudomonas [163]. The clinical implications of this are not clear.

There is a need for more longitudinal studies of the lung microbiome linked to clinical and
inflammatory data. The first study of the lung “mycobiome” in bronchiectasis has recently
been published [164]. This study conducted in Asia and Europe identified a strong
association between bronchiectasis and the presence of Aspergillus, as this fungus was not
present in healthy controls. Exacerbations were associated with the presence of Aspergillus,
while other fungi such as Candida were ubiquitous in bronchiectasis patients and in
controls, suggesting it is unlikely that this is of clinical relevance (figure 5) [164].

Allergy and fungal sensitisation

The presence of fungi in the airway may be important as their adverse effects on human
health span through infection, IgE-mediated allergy, non-IgE-mediated hypersensitivity and
toxicity/irritation [165, 166].

Fungal allergy is one of the most common medical conditions. Airway exposure to fungi is
constant throughout the year, since fungal spores are ubiquitous in the environment
(indoor and outdoor). Although most are innocuous, some moulds have the ability to
colonise the airways [132, 167].

Failed innate lung defence

Ciliary dysfunction

Structural lung damage 

Bacterial exposure

Microbial virulence

Neutrophilic inflammation

Antibiotic therapy

Reduction in commensal organismsHealth

Interspecies competition

Altered pulmonary microenvironment

Dysbiosis

Figure 4. The cycle of dysbiosis. There are multiple competing influences on the airway microbiome that
tip the balance either in favour of a healthy diverse microbiome or towards a dysbiotic/abnormal
microbiota. The factors are interconnected since inflammation may lead to increased use of antibiotic
therapy or ciliary dysfunction and therefore like the pathogenesis of bronchiectasis it may be viewed as a
self-perpetuating cycle.
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Figure 5. Differences in the “mycobiome” between bronchiectasis patients and controls suggests that Aspergillus in particular is associated with disease. Reproduced
from [164] with permission.
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In the immunocompetent host these spores are easily eliminated through anatomical/
physical barriers and the innate immune response. Nevertheless, the interaction between
respiratory epithelia and potential pathogens is complex, and is dependent on the
individual characteristics of the host and mould. An efficient immune response relies on a
Th1 inflammatory response; some hosts, with other underlying diseases (CF or asthma) or
genetic predisposition, have an immune deviation towards a Th2-dominant inflammatory
response, leading to fungal sensitisation [168, 169].

ABPA is the best described allergic reaction that has shown association with bronchiectasis.
Among all of the fungi to which individuals are exposed, Aspergillus spp. represent a
significant proportion of the spores found in the airways and Aspergillus fumigatus is the
most frequent pathogen in allergic bronchopulmonary mycosis. This is a disease
characterised by a predisposing condition (e.g. asthma or CF) with fungal sensitisation
(elevation of Aspergillus specific IgE or positive skin prick test) and high titre of total IgE
(>1000 UI·mL−1) [132], with some other supporting criteria (radiological, serological and
haematological). There has been some controversy relating to the IgE titre cut-off.

ABPA was historically associated with the development of bronchiectasis. Still, there are
some patients with ABPA criteria without bronchiectasis (considered a subgroup with
serological disease) and it is also known that patients with underlying chronic respiratory
diseases (e.g. asthma, bronchiectasis, COPD, CF and immunodeficiency) show higher rates
of ABPA. Hence, we could speculate about a duality in its role as a possible cause in the
pathogenesis of bronchiectasis or as a consequence in a previously damaged lung.

The role of fungal sensitisation without fulfilling ABPA criteria is still unknown in non-CF
bronchiectasis. The concept of severe asthma with fungal sensitisation is not mirrored in
bronchiectasis. Its occurrence in asthma, COPD and CF showed association with disease
severity, symptoms, worsening lung function tests, exacerbations and even the development
of bronchiectasis. However, causality or just association with disease severity is hard to
ascertain [170–172].

The standard treatment for patients with ABPA (i.e. systemic corticosteroids with
antifungals as steroid-sparing agents) is still reliant on low evidence and extrapolation from
other diseases. The concern lies in understanding which patients of the allergic disease
spectrum would benefit from treatment and the timing of treatment initiation.

Mechanisms of exacerbation

It is not known why bronchiectasis patients experience exacerbations. Although risk factors
for exacerbation are now well defined, the most consistent risk factor is a history of
previous exacerbations, which suggests an underlying susceptibility within individuals for
which we do not have a biological explanation [16, 173]. An increase in bacterial load and
inflammation, changes in the microbiome, acquisition of new bacterial strains, viruses or
even external environmental factors seem to contribute to exacerbations in other diseases,
and it is very likely that this could be also true in bronchiectasis. Although recent studies
suggest an increased frequency of viruses detected during an exacerbation in comparison
with stable-state disease, some others were not able to confirm these data and suggested a
high frequency of virus isolation also during the stable state [130, 131, 174]. A clear
association between high levels of environmental airway pollution and exacerbation events
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has been shown recently, which may indicate either a direct effect of pollutants on the
airway causing inflammation or an indirect effect, such as by disturbing biofilms or
suppressing host immunity leading to secondary bacterial exacerbation [175]. Longitudinal
studies measuring bacterial load, neutrophil elastase or looking at bacterial strains did not
show a consistent pattern at exacerbation [40, 48, 128]. Exacerbations are likely to be
heterogeneous events with multiple potential causative factors and further research to
identify exacerbation subtypes is needed [176].

Future research into the biology of bronchiectasis

This chapter highlights the paucity of data on the pathogenesis of bronchiectasis. The
development of the disease is poorly understood and there are no experimental models that
can be used to study early disease development. Most research takes place in patients with
advanced bronchiectasis. Table 1 shows some of the key unanswered questions about the
pathogenesis of bronchiectasis according to the vicious cycle concept. Infection is the most
intensively studied, but the failure of antimicrobial therapy to result in clear clinical benefits
suggests we need a re-evaluation with further research into the inflammatory or
mucociliary components of the disease.

It is important that future studies have large sample sizes and include longitudinal data. A
feature of bronchiectasis studies to date has been the cross-sectional design and limited
single-centre cohorts, and importantly many of these small studies have not been
replicated. The result is that some conclusions about the pathophysiology of bronchiectasis
may be wrong. An example of this is the finding in 2006 that patients with idiopathic
bronchiectasis were more likely to have human leukocyte antigen (HLA)-C group 1

Table 1. Key research priorities for bronchiectasis pathogenesis

Airway infection
Longitudinal studies of the lung microbiome
Changes in lung microbiome at exacerbation
Molecular identification of NTM
Molecular studies evaluating mechanisms of antibiotic resistance
Impact of antibiotic therapy on airway microbiota
Investigation of the role of bacterial load in phenotype and treatment response

Mucociliary clearance
Characterise “secondary ciliary dyskinesia in bronchiectasis”
Identify airway factors that link infection and inflammation to ciliary function
Determine the relative contribution of epithelium and inflammatory cells to mucus production
and obstruction

Identify underlying genetic contributors to cilia dysfunction in bronchiectasis (e.g. PCD genes,
CFTR)

Large studies of CFTR function in bronchiectasis are needed
Inflammation

Development of experimental models to study mechanisms of disease
Develop an understanding of inflammatory changes in early bronchiectasis
Genome sequencing/exome sequencing to identify new pathways leading to bronchiectasis
Development of biomarkers for inflammatory endotyping
Further studies of neutrophil-targeting therapeutics

Information from [176].
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homozygosity compared with controls, suggesting a novel susceptibility factor to idiopathic
bronchiectasis [177]. When this work was replicated in a second UK cohort, no difference
in allele frequency between idiopathic bronchiectasis and controls was found. The authors
of the replication study noted that the HLA-C group 1 homozygous rate in the control
population of the first study was 27.2% compared with 42.3% in the replication study, with
the latter being consistent with the genetic profile of the normal UK population. Therefore,
an abnormal control group led to an incorrect conclusion [178].

The development of new therapies for bronchiectasis will require extensive additional
research into the pathophysiology and stratification of the disease. Multicentre, adequately
powered studies including representative cohorts should be performed and prospective
validation of findings is required before findings are generally accepted.

Conclusion

Significant progress has been made in our understanding of the pathophysiology of
bronchiectasis, particularly in our understanding of the mechanisms leading to severe
disease and the contribution of infection and inflammation. There are many unanswered
questions necessitating a renewed effort by the scientific community.
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| Chapter 3

Identifying undiagnosed cystic
fibrosis in adults with bronchiectasis
Carlo Castellani1,2 and Nicholas J. Simmonds3,4

Bronchiectasis is a very common manifestation of CF that usually starts in the upper lobes
and tends over time to progress to other pulmonary areas, with progression related to age
and severity. CF was once almost exclusively a paediatric disease, but the continuous
advances in care have paralleled an impressive improvement in survival, and in several
countries most patients are now adults and occasionally elderly. Although most cases are
diagnosed in newborns and children, CF can be identified, and is possibly underdiagnosed,
in adults. The CF diagnostic option should always be considered in adults with
bronchiectasis when other more common causes have been excluded. The sweat test is the
gold standard for diagnosis, but genetic analysis, specific electrophysiological tests, and an
accurate investigation of pulmonary and extrapulmonary clinical manifestations need to be
considered. Uncertain diagnoses should be referred to specialised CF centres.

Cite as: Castellani C, Simmonds NJ. Identifying undiagnosed cystic fibrosis in adults with bronchiectasis.
In: Chalmers JD, Polverino E, Aliberti S, eds. Bronchiectasis (ERS Monograph). Sheffield, European
Respiratory Society, 2018; pp. 29–44 [https://doi.org/10.1183/2312508X.10015317].
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In several countries, most patients with CF are adults. CF should always be considered
in adults with bronchiectasis when other more common causes have been excluded.
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It has been recognised that CF is a separate disease entity since its first published
description in 1938 by the pathologist Dorothy Andersen, when >90% of babies with the

condition died within the first year of life [1]. A that time, it was described as “CF of the
pancreas”, referring to what was then thought to be the primary defect. As knowledge grew,
bronchiectasis was recognised as a core feature of this multisystem disease, a complication
that contributes to ∼90% of morbidity and mortality [2]. Now, 80 years on, important
milestones have been reached as our expanding knowledge of the basic pathophysiological
defect has brought with it many impressive advancements, culminating in vastly improved
outcomes [3, 4]. Until recently, the majority of improvements came about from the
well-established CF multidisciplinary team approach addressing the multisystem aspects of
CF, from intensive nutritional management, aggressive antibiotic regimens and improved
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mucus clearance to lung transplantation for those in established respiratory failure.
However, we are now in a new era of CF treatment, with the introduction of
mutation-specific therapies or so-called small-molecule “modulators”, which have great
potential to provide a further step changes in outcomes and survival [5, 6].

Cystic fibrosis: a predominantly adult disease

CF is a recessively inherited genetic condition, caused by mutations in the CFTR gene,
which encodes a protein that functions predominantly as a chloride channel at the apical
surface of epithelial cells [7–9]. It has long been recognised that there is a poor genotype–
phenotype correlation in CF, particularly relating to lung severity [10]. While the majority
of patients (∼90%) have pancreatic exocrine insufficiency at birth and therefore usually
present early (i.e. in the neonatal period) with malabsorption and failure to thrive, a
significant minority, who are usually pancreatic sufficient, present later in life as they lack
the nutritional deficiencies [11, 12]. As CFTR expression is widespread, numerous organs,
in additional to the pancreas and lungs, also can be affected, including the liver, sinuses,
vas deferens and gastrointestinal tract. Finally, CFTR function per se can be variable and,
although uncommon, CF can occur in patients with borderline (or even normal) sweat
tests, something that will be discussed further in this chapter [13–16].

As a result of the improvements in care, there has been an impressive improvement in
survival over the decades (figure 1). In most developed healthcare systems, median survival
easily exceeds 40 years of age (e.g. UK survival is 47.0 years [18]), although important
differences among countries are recognised, as highlighted by the 10-year median survival
difference recently reported by the US (median survival 40.6 years) and Canadian (median
survival 50.9 years) registries, a difference that was maintained even after adjusting for
known confounders such as genotype [19]. It should also be highlighted that improvements
in survival, although multifactorial, are not predominantly driven by an increasing
recognition of the pancreatic-sufficient (or “atypical”) phenotype [20]. Death in childhood
is rare, with survival into adulthood now expected for nearly all children born with CF in
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[17] with permission.
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developed countries. As a result, important population shifts are occurring, with the
proportion of adults with CF outnumbering children with CF in many countries (figure 2)
[18, 21]. The European Cystic Fibrosis Society Patient Registry (ECFSPR) contains data
on over 42000 patients with CF across 29 European countries; of these, 52.1% are
registered as adults (aged ⩾18 years), with the greatest proportion in countries such as
Denmark (61.8%), Sweden (61.1%) and the Netherlands (58.1%) [21]. Population
modelling using ECFSPR data has shown that the CF population will have increased by
50% by 2025 in Western Europe, 75% of which will be driven by an increase in the adult
population [22]. There has therefore been a clear paradigm shift, from a “fatal” disease
predominantly of children to a chronic “life-limiting” disease affecting increasing numbers
of adults, who are living with multisystem pathologies. Recognition of this, particularly by
adult physicians and care teams, will be crucial to ensure effective care across the age
spectrum in the future.

Adult care teams will also need to remain vigilant to “new” cases of CF in their adult
patients. These atypical “late-diagnosis” patients may present to bronchiectasis services and
historically may have been given a diagnosis of “idiopathic” disease after host defence
investigations revealed no underlying aetiology. A careful consideration of CF should be
undertaken, particularly if there is a family history of a similar condition (even if no
definitive diagnosis was reached), the bronchiectasis is diffuse and/or other findings
peculiar to CF are present (table 1). With an increasing understanding of the broad
spectrum of CF mutations from so-called “residual function” mutations, which are usually
associated with pancreatic sufficiency, to the more classical “minimal function” mutations,
which include the common F508del mutation, there is an increasing diagnostic yield for CF
in this population.

The following sections will outline the pertinent features relating to the spectrum of
presentations of CF and the steps to take to reach a diagnosis, as well as the current
limitations of this process.
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Elements of suspicion of cystic fibrosis in adults with bronchiectasis

Lung imaging

CF lung disease may occasionally be silent in the first years of life, although even in
apparently healthy infants detected through neonatal screening, BAL studies have shown
subclinical evidence of infection and inflammation [23], and CT scans have revealed air
trapping [24]. Over time, the evolving nature of the disease inevitably leads to clinically
evident manifestations and more suggestive imaging. Bronchiectasis usually appears in the
upper lobes and, as the disease progresses, tends to involve other areas of the lung [25]. As
the physician may not know at what stage of this radiological evolution he is evaluating a
patient, it is advisable always to consider CF in the differential diagnosis, independent of
the bronchiectasis location and distribution. Other imaging characteristics include airway
wall thickness, mucus impaction, atelectasis, bullae and pneumothorax.

Clinical manifestations suggestive of cystic fibrosis

Besides imaging, microbiological evidence often proves helpful. Sputum or BAL cultures
may identify bacteria that are often also found in non-CF bronchiectasis, but mucoid
Pseudomonas aeruginosa or Burkholderia cepacia are strongly suggestive of CF. The lung is
not the only organ affected by CF, and when the CF option is considered in a patient with
bronchiectasis, it is of paramount importance to take a careful medical history covering
potential extrapulmonary manifestations. In most cases, nonrespiratory clinical features,
especially those concerning nutritional and intestinal aspects, are self-evident. CF patients
who maintain exocrine pancreatic sufficiency tend to have a less clear-cut clinical picture
and may be more difficult to tell apart.

The index of suspicion for the diagnosis of CF varies considerably. Some clinical features
are highly suggestive for CF, while others are less specific and are often also found in other
conditions (table 1) [26, 27].

Table 1. Sensitivity and specificity of some clinical manifestations of CF

Peculiar to CF In CF and in other conditions

Very frequent
in CF

Mucoid Pseudomonas aeruginosa chronic
pulmonary infection

Exocrine pancreatic insufficiency in
childhood

Congenital bilateral absence of the vas
deferens

Chronic productive cough
Digital clubbing
Imaging of chronic pansinusitis
Failure to thrive
Palmar aquagenic wrinkling

Less frequent
in CF

Burkholderia cepacia chronic pulmonary
infection

Meconium ileus
Hypochloraemic alkalosis not due to

vomiting

ABPA
Exocrine pancreatic

insufficiency in adults
Fat-soluble vitamin deficiencies
Distal intestinal obstruction

syndrome
Rectal prolapse
Biliary cirrhosis
Recurrent pancreatitis
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Ethnicity and age

CF is mostly seen in Caucasians, and less frequently in other ethnic groups [28, 29]. This
may be due partly to underdiagnosis in areas such as the Middle East and northern Africa,
because of inadequacy or poor availability of diagnostic tests, and due to scarce
consideration of a possible CF diagnosis. Non-European origin does not justify dismissing
the CF diagnostic option.

Similar concepts apply to age. It is now widely acknowledged that CF is no longer an
exclusively paediatric disease, and patient registries show that in several countries there are
now more affected adults than children [22, 30]. Most pulmonologists are aware of this
demographic shift and bear in mind the possibility of CF in young bronchiectatic adults,
but many still believe that the CF option is not worth considering in older ages. In fact, a
diagnosis of CF in the fourth or even fifth decade of life is an uncommon but not
exceedingly rare event, often associated with a previous history of respiratory symptoms
that have not been adequately interpreted.

Diagnostic criteria and their limitations

For a long time after its identification as a distinct clinical entity [1], CF was diagnosed on the
grounds of compatible gastrointestinal and/or respiratory symptoms plus elevated levels of
chloride in sweat. In the 1980s, pioneering neonatal screening programmes permitted early
detection of CF [31], often in asymptomatic infants, and since the end of the same decade
diagnosis by genetic analysis has been possible [7–9]. Newborn screening and mutation
analysis, together with a growing awareness of the existence of CF phenotypes markedly
different from the standard clinical picture, prompted a more comprehensive approach to the
CF diagnosis, which was eventually formalised by a consensus statement [32]. The consensus
document stated that, in order to formulate a diagnosis of CF, both evidence of dysfunction of
the CFTR protein and a suggestive clinical or family history were necessary. The latter included
clinical manifestations consistent with CF and/or a positive neonatal screening result and/or a
previous diagnosis of CF in a sibling. Raised sweat chloride levels and/or the identification of
two CFTR gene mutations known as disease causing and/or specific electrophysiological assays
assessing the protein function in vivo or ex vivo were considered proof of CFTR dysfunction
[32]. Minor changes were suggested over the following years [26, 33], but essentially
these principles are still considered the paragon of the CF diagnosis. It is important to be aware
that none of these tests and criteria can claim full sensitivity or specificity. Their advantages
and drawbacks are discussed in the following subsections and summarised in table 2.

A first approach to diagnosis including a sweat test or a standard mutation panel may be
requested and interpreted by the physician evaluating the bronchiectasis patient. If these
tests prove difficult to interpret or give ambiguous results, it is recommended continuing
the diagnostic evaluation in a specialised CF centre, where further genetic analysis,
electrophysiology measurements and ancillary tests such as respiratory cultures aimed at
specific pathogens, fecal elastase measurement and male genital evaluation can be
performed (figure 3) [26, 33].

Sweat test

Eccrine sweat glands secrete salt in tubules and partially absorb it in ducts. These
mechanisms are impaired in CF, and secretions reaching the surface of the skin are
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unusually salted. Such a defect in function is the basis for the most used and acknowledged
gold standard diagnostic assay, the sweat chloride test [34].

Laboratory issues
The sweat test has to be performed by experienced staff strictly following the Gibson and
Cooke method and standard operating procedures [35]. Unfortunately, this is not always
the case, as shown by a recent survey of 136 European sites across 29 countries that
reported considerable variance in practice, differences in processing and evaluation of
results, and often a lack of consistency with guidelines [36]. It is therefore of great
importance to refer to laboratories monitored by national or international quality
improvement programmes [36–38]. Measurement of conductivity, as opposed to chloride
levels, is not recommended to make a CF diagnosis.

Interpretation
Results of ⩾60 mmol·L−1 are consistent with a diagnosis of CF. Concentrations between 30
and 59 mmol·L−1 do not confirm or exclude the diagnosis, and warrant further tests such
as genetic analysis and, occasionally, nasal potential difference (NPD) or intestinal current
measurement (ICM). Interpretation of sweat test results may be more challenging in adults,

Table 2. Advantages and disadvantages of CF diagnostic criteria

Advantages Disadvantages

Evidence of CFTR dysfunction
Sweat test Gold standard for diagnosis

Positive in the vast majority of
patients

May give inconclusive results
In some CF patients, may give

negative results
Requires experienced personnel
Inherent variability of results

CFTR analysis Standard mutation panels make the
diagnosis in most patients#

Samples can be posted, with no
need for the patient to travel

A minimal number of mutations are
missed, even by extensive
sequencing

Sequencing may detect variants of
uncertain clinical liability

NPD, ICM Useful when sweat test and CFTR
analysis have failed to provide
conclusive results

Available in only a few centres
Moderately invasive
Interpretation of results may be

problematic

Clinical or family history
Clinical
manifestations

Clearly evocative in
most cases

May not have developed yet
Nonpulmonary manifestations may

be minor and difficult to detect
Positive newborn
screening

Sensitivity varies according to
protocols; usually >90%

Not performed everywhere

Sensitivity varies according to
protocols; never 100%

CF sibling Every sibling has a 1 in 4 probability
of being affected

Affected sibling may not have been
diagnosed yet

Not possible in one-child families

NPD: nasal potential difference; ICM: intestinal current measurement. #: performance depends
on the panel detection rate in specific ethnicities.
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as limited data are available on the variability of sweat chloride results according to age.
Values seem to increase with age, and an Australian study on healthy controls reported an
estimated median of 23 mmol·L−1 in individuals from 20 to 68 years of age (5–56 mmol·L−1),
as opposed to 13 mmol·L−1 (11–39 mmol·L−1) between 5 and 9 years of age [39].

It is also worth considering repeating the sweat test because sweat chloride levels show
substantial biological variability. In a large cohort study, within-test variability ranged from
−3.2 to +3.6 mmol·L−1 and between-test variability from −18.2 to +14.1 mmol·L−1 [40, 41].

If the level is <30 mmol·L−1, CF is unlikely but not impossible, and it has been reported in
patients carrying CFTR mutations associated with some degree of residual protein function
[16, 42]. These few false negatives may pose a challenge in the interpretation of sweat
chloride values in the “normal” range. The decision on whether to pursue the CF diagnosis
with further specialist tests, or to dismiss it and investigate other possible aetiologies, will
depend on the level of clinical suspicion.

CFTR analysis

Molecular biology techniques have greatly improved and are now more sensitive, faster and
often cheaper than they have ever been. Samples can be shipped to laboratories with no
need for the patient to travel. However, CFTR analysis does not necessarily detect both
mutated alleles, and the results may prove difficult to interpret.

Clinical heterogeneity of mutations
So far, more than 2000 sequence variations have been detected (Cystic Fibrosis Mutation
Database, www.genet.sickkids.on.ca/cftr). The relative frequency of mutations varies
according to ethnicity and geography [43]: for instance, the most frequent mutation,
F508del, decreases in prevalence from north-west to south-east Europe [29, 44]. Not all the
mutations impair synthesis or function of the CFTR protein to the extent of causing CF:
some (known as CF-causing) result in CF, some produce mild and/or mono-organ
manifestations (the so-called “CFTR-related disorders” and will be discussed later in this
chapter) while others have no clinical consequences at all. Assessing the disease liability of
a CFTR mutation may be challenging, and to this aim a project named “Clinical and
functional translation of CFTR” (CFTR2) has been developed [45–47]. On the grounds of
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Figure 3. CF diagnostic algorithm. NPD: nasal potential difference; ICM: intestinal current measurement.
#: either a sweat test or genetic analysis can be used as the first step test, but a sweat test is usually the
first choice.
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clinical, functional and epidemiological data, CFTR2 chooses among three possible
definitions for every mutation assessed: 1) a CF-causing mutation, always expected to
produce CF when in trans with another CF-causing mutation; 2) mutations of varying
clinical consequence, expected to produce CF when in trans with a CF-causing mutation in
some but not all patients; and 3) non-CF-causing mutations, not expected to cause CF
[46]. A fourth definition, “variants of unknown significance”, refers to mutations for which
there is not enough information to determine whether or not they fall into one of the other
three categories, which highlights the difficulties in establishing a diagnosis of CF in some
patients with rare CFTR mutations.

Types of CFTR genetic analysis
CFTR sequence variations can be identified using four tiers of analysis: level 1 is
mutation-specific panels, level 2 involves sequencing of exons and intronic flanking regions,
level 3 tests for macrodeletions and macroduplications and level 4 is mRNA analysis. CFTR
genetic analysis is mostly performed using commercial kits. Customised panels can improve
the detection of local mutations [48]. The detection rate of a panel (i.e. the percentage of
affected alleles covered by the panel in the population to which the person being tested
belongs) defines the diagnostic potential of the test. A 75% detection rate means that the
two mutations will be detected in 56% of CF patients, whereas a 90% detection rate will
achieve the same result in 81% of the affected individuals. Next-generation sequencing
increases sensitivity at the cost of poorer specificity, as it can identify mutations of
unknown clinical consequences and in some cases contribute more to worsen than to
clarify the diagnostic uncertainty [49, 50]. A negative analysis after level 1 and 2 tests
makes a CF diagnosis improbable; moving to levels 3 and 4 is a clinical decision depending
on the strength of the clinical suspicion.

CFTR bioassays

Borderline sweat chloride measurements or detection of rare gene variants with unknown
clinical liability will neither confirm nor exclude the CF diagnosis. Patients with
bronchiectasis with such inconclusive results are better evaluated in CF centres where
electrophysiological tests to quantify the CF ion transport defect are available and can be
performed according to standard operating procedures [51–53].

The NPD test assesses in vivo transepithelial bioelectrical properties of secretory epithelial
cells. The measurement evaluates CFTR-mediated chloride transport, which in turn reflects
transport abnormalities of this ion in the lower airways [54].

ICM is an alternative method to investigate CFTR function. ICM uses an Ussing chamber
to investigate ex vivo transepithelial ion transport properties in fresh native rectal biopsies
[53, 55–57].

Newborn screening

Newborn screening for CF has been available since the 1980s and has been expanding
progressively in most countries with a relatively high CF incidence [58]. Immunoreactive
trypsinogen (IRT) measurement on dried blood spots collected in the first days of life is the
pillar of CF newborn screening. The low specificity of IRT mandates further tiers in
IRT-positive individuals, which, according to the local protocol, may be mutation analysis or
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pancreatitis-associated protein measurement on the first blood spot, an IRT test on a second
sample, or different combinations of these. At the end of the procedure, infants who screen
positive are referred to a CF centre for sweat testing and a definitive diagnosis [59, 60].

Information on newborn screening may be relevant when considering the possibility of CF
in an individual with bronchiectasis. A history of a negative newborn screen makes the
likelihood of the diagnosis of CF in later life much lower, but as negative results are not
usually communicated to the family, corroborating this history may be difficult, and only
supported by the lack of recollection of proceeding to a sweat test at the time of screening.
However, a negative newborn screen does not completely rule out the CF option, as
false-negative cases are not exceptional, particularly with outdated protocols. Moreover, it
should be considered that the patient may have been born in a region where, at the time,
CF newborn screening had not been implemented.

Cystic fibrosis family history

Parents of patients with CF are carriers of a CF-causing mutation and in every pregnancy
have a 25% risk of a child with CF, a 50% probability of a healthy carrier child and a 25%
probability of a child who inherited neither parental mutation. Siblings of a person with CF
have a 1 in 4 risk of having CF. Close relatives such as aunts, uncles and cousins have a
high risk of being carriers and a likelihood of having CF higher than that of the general
population. Nevertheless, on account of the infrequent occurrence of two carriers in a
couple and of large families, most patients have no history of CF among their kin.

Consanguinity in the parents of a patient with diffuse bronchiectasis increases their odds of
being carriers and the patient risk of having CF. Information on consanguinity should
always be requested, especially but not exclusively in ethnic or geographical situations
where this tradition is more frequent. Importantly, a history of consanguinity should be
regarded as an element of suspicion of CF, but can also be evocative of another genetic
disease associated with bronchiectasis, namely PCD.

Implications of cystic fibrosis diagnosis

A diagnosis of CF in a patient with bronchiectasis may have several consequences, both
positive and negative.

Patients who could not find an explanation for their symptoms may be relieved to be
finally included in a defined aetiological domain. Conversely, despite the increasingly better
prognostic expectations, CF median survival is still well below that of the general
population, and its diagnosis has inevitable inferences on personal long-term life plans.

Having CF may give access to free care in some countries but raise health insurance issues
in others. Inhaled antibiotics and mucoactive agents routinely used in CF have rarely been
studied in non-CF bronchiectasis RCTs and often are not licensed for use other than in CF
[61, 62]. A CF diagnosis can make these treatments more easily accessible, as well as the
new modulators that are increasingly used in subgroups of CF patients [5, 6].

From a genetic perspective, the new diagnosis presupposes that parents and children of the
newly diagnosed person are carriers. If the parents are planning further pregnancies, they
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have a 25% risk of another child with CF and the possibility of accessing pre-natal or
pre-implantation diagnosis.

Likewise, the progeny of individuals with CF have a probability of having children with CF
that is higher than that of the general population: assuming a carrier frequency of 1 in 25,
their risk will be 1 in 100 for every pregnancy. Therefore, it is important to offer genetic
counselling and testing to their partners.

Second- and third-degree relatives will have an increased likelihood of being carriers, and
should also be offered carrier testing.

Challenges of predicting individual prognosis

Predicting survival accurately for subsets of individuals with CF is notoriously difficult,
with very limited data available. Despite many attempts to produce accurate predictive
models [63, 64], they have mostly proved unreliable on an individual level in the clinical
setting. One of the earlier, authoritative studies of survival followed a cohort of 673 patients
for 12 years from 1977, reporting a median predicted survival of 2 years for patients with
an FEV1 of <30% predicted, an oxygen tension of <55 mmHg (7.3 kPa) and a carbon
dioxide tension of >50 mmHg (>6.7 kPa) [65]. Although this is still widely quoted, more
contemporary work reflecting patients from a more advanced era of treatment has shown
that survival at this FEV1 threshold is far better: from 5.3 years to >6.5 years [66, 67]. In
addition to low lung function and respiratory failure, associations with a worse prognosis
include low BMI, diabetes, pulmonary exacerbation frequency, female sex and chronic
airways infections with bacteria such as P. aeruginosa and B. cenocepacia [68–70].

Predictive value of pancreatic status and the sweat test

It has long been recognised that patients with pancreatic sufficiency (and consequently the
CFTR mutations associated with this) usually have a better prognosis, presumably as a
result of better nutritional status [11]. The mutations associated with pancreatic sufficiency,
the so-called “mild” or “residual function” mutations, belong to functional classes IV and V,
and recent data have shown that the long-term lung function trajectory in patients with
these mutations is better than that in patients with “severe” mutations from classes I–III
(table 3) [71]. However, even within these groups there is significance variability, as
highlighted by a recent publication of the R117H mutation (a relatively common class IV
mutation associated with pancreatic sufficiency) [72, 73]. Complicating this further is the
association that the R117H mutation has with a polymorphism of sequences in intron 8 on
the same allele, as this affects the clinical phenotype. The number of thymidine residues
(five, seven or nine) of this polypyrimidine tract affects the efficiency of mRNA splicing:
seven or nine residues (i.e. 7T or 9T, respectively) may be associated with no disease or only
mild manifestations, whereas 5T is frequently associated with disease (when combined with
a disease-causing mutation on the opposite allele) [74].

Despite sweat chloride values usually being lower in an adult-diagnosed population, sweat
chloride per se cannot be used to accurately predict phenotype in the long term [75].
However, there is emerging data from a large US registry study suggesting a relatively high
correlation with mortality for some mutations (i.e. the higher the sweat chloride value, the
higher the risk of death) [76]. This was particularly relevant to class IV and V mutations;
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for example, patients with an R117H mutation had a mortality hazard ratio of 1.32 (95%
CI 1.12–1.54) for every 10 mmol·L−1 increase in sweat chloride. Of note, it was not possible
to differentiate the polypyrimidine tract status in this study.

Late diagnosis and prognosis

It is well recognised that “late” diagnosis (i.e. in adulthood) of CF defines a unique
population of long-term survivors, with a higher proportion who are pancreatic sufficient
[11]. Patients diagnosed in childhood who survive without lung transplantation beyond
40 years of age have more severe genotypes and phenotypes compared with the
late-diagnosed group, but, importantly, beyond 40 years, their rate of lung function decline
and respiratory complications converge [70, 77]. The same study also demonstrated that
outcomes can be significantly improved by introducing CF-specific care to adult-diagnosed
patients, presumably as a result of the multidisciplinary team approach, in addition to
CF-specific therapies, such as inhaled dornase alpha and inhaled antibiotics. In the new era
of mutation-specific therapies, this may become even more apparent, thus emphasising the
importance of confirming the diagnosis regardless of age. With neonatal screening
programmes becoming more widespread across Europe, the frequency of adult diagnosis
will eventually reduce, but it could take many decades for screening to have a meaningful
impact on this [78].

CFTR-related disorders and bronchiectasis

The disease entities associated with abnormal CFTR function have long been recognised to
be diverse [79]. The level of CFTR dysfunction, combined with susceptibility of the organ
exposed to the basic defect, results in a spectrum of disease manifestations (figure 4).
Individuals with two “severe” disease-causing mutations (e.g. from mutation classes I–III)
nearly always have sweat chloride values >60 mmol·L−1 as CFTR function is greatly reduced
(<10% of wild-type CFTR). They usually have multisystem involvement, including
pancreatic insufficiency and bronchiectasis. However, when residual CFTR function is

Table 3. CFTR mutation classes with their associated effects on protein synthesis, trafficking
and turnover

Class Effect on CFTR Examples of mutations

I Defective protein synthesis G542X, R553X, W1282X, R1162X, 621-1G→T,
1717-1G→A

II Defective protein processing F508del, I507del, N1303K
III Defective protein regulation

(“gating” mutation)
G551D, G178R, S549N, S549R, G551S, G1244E,

S1251N, S1255P, G1349D, R117H
IV Defective ion conductance R117H, R334W, G85E, R347P
V Reduced amounts of functioning

CFTR protein
3849+10 kb C→T, 2789+5G→A, A455E

VI High CFTR turnover 120del23, N287Y, 4326delTC

Classes I–III are considered “severe” mutations and classes IV and V “mild” mutations, although
the clinical picture may be inconsistent with these terms. Classes IV and V are also termed
“residual” function mutations.
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present, the disease may be limited, sometimes presenting in only one or two organ
systems. Individuals with these features may still have sufficient genetic and laboratory
evidence to fulfil the strict criteria for a diagnosis of CF as outlined earlier in this chapter,
but many do not. Conversely, when there is some evidence of CFTR dysfunction, but
diagnostic criteria for CF cannot be reached, the term CFTR-related disorder (CFTR-RD) is
used [81]. These individuals usually have single-organ disease, equivocal (or normal) sweat
tests and nondiagnostic genetic analysis (e.g. one mutation and/or mutations of varying
clinical consequence). Other functional CFTR tests (e.g. NPD and ICM) are usually not
normal. Specific examples of CFTR-RD include congenital bilateral absence of the vas
deferens (CBAVD), “idiopathic” acute recurrent or chronic pancreatitis, and isolated diffuse
bronchiectasis. CF or CFTR-RD should also be considered when other CFTR-expressing
organs are diseased and no other cause has been found (e.g. chronic sinusitis, nasal
polyposis and cirrhosis). Diffuse bronchiectasis per se is associated with an increased
incidence of CFTR mutations; a large series reported a rate of 13% in patients with
“idiopathic” disease [79]. In this context, one mutation is usually nondisease causing, so
confirmation of the diagnosis of CFTR-RD requires careful CFTR functional assessment.
Again, the R117H mutation highlights this situation: in association with the 7T sequence
(and a disease-causing mutation on the other allele), outcomes are highly variable, as the
prevalence of bronchiectasis is only ∼4%, whereas CBAVD is far more common [82].

The life-time risk of disease developing in other organs over time in these individuals is
largely unknown, as insufficient long-term data are available. The prognosis from
CFTR-RD is generally considered good, although again there are limited data on this. As a
result of this uncertainty, most experts advise that patients should have long-term
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Figure 4. CFTR function and clinical phenotype. Obligate heterozygotes (carriers) have at least 50% of
normal (wild-type) CFTR activity and have no symptoms, whereas the “classic” CF phenotype with
pancreatic insufficiency (CF-PI) is associated with <10% CFTR activity. Intermediate levels of CFTR activity
are associated with pancreatic sufficiency (CF-PS) and CFTR-related disorders. CBAVD: congenital bilateral
absence of the vas deferens. #: severe CF liver disease with cirrhosis ± portal hypertension. Reproduced
and modified from [80] with permission.
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follow-up, although the intensity and frequency of this needs to be balanced so that early
effective therapeutic interventions can be introduced when appropriate but the individual is
not overmedicalised and thus burdened by unnecessary treatment [26, 32, 81].

Conclusion

Most cases of CF are diagnosed in the first years of life or even, in countries where
newborn screening has been implemented, at birth. However, a subset of CF paediatric
patients is missed and can be detected later in life. Occasionally, these individuals manifest
the full clinical picture, but more frequently they maintain residual exocrine pancreatic
function. Others show signs of impaired CFTR function but do not fulfil the standard
diagnostic criteria.

CF centres should be involved in the assessment of uncertain cases and, if the diagnosis is
confirmed, in their follow-up. Although individual prognosticating in CF is challenging,
care from a dedicated multidisciplinary team and access to CF-specific and novel
modulating therapies can significantly improve quality of life and survival.
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| Chapter 4

Comorbidities and their impact
Melissa J. McDonnell1, Chris Ward 2 and Robert M. Rutherford1

Comorbidities are common and significant in bronchiectasis, often contributing to
symptoms, exacerbations, hospital admissions and mortality. In this chapter, we provide a
state-of-the-art summary of key comorbidities observed in bronchiectasis patients in terms of
their prevalence, impact, pathophysiology and prognosis. We discuss clinical tools used to
quantify comorbidity and predict prognosis in bronchiectasis and outline the implications of
multimorbidity in the clinical management of bronchiectasis patients to maximise outcome
and reduce the illness burden associated with the disease.

Cite as: McDonnell MJ, Ward C, Rutherford RM. Comorbidities and their impact. In: Chalmers JD,
Polverino E, Aliberti S, eds. Bronchiectasis (ERS Monograph). Sheffield, European Respiratory Society,
2018; pp. 45–61 [https://doi.org/10.1183/2312508X.10015417].

@ERSpublications
Comorbidities frequently occur in bronchiectasis and may contribute to increased
bronchiectasis severity and mortality. Identifying these comorbidities could have
important therapeutic and prognostic implications, leading to optimised patient care.
http://ow.ly/Yva330ksJkB

Bronchiectasis frequently coexists with other diseases, particularly in older patients,
with some of these disorders functioning as true comorbidities contributing to

development and progression of the underlying bronchiectasis and accelerated decline in
health status [1, 2]. Comorbidities in bronchiectasis can occur at any stage of the disease
process and are often important determinants of outcome, contributing to increased
healthcare utilisation and socioeconomic cost [3]. Guidelines for investigating and
managing bronchiectasis have only recently emerged and the recognition of the potentially
pathogenic role of comorbidities is still at an embryonic stage [4–9]. This chapter
summarises the key comorbidities observed in bronchiectasis patients in terms of their
prevalence, pathophysiology and estimated impact on prognosis.

Comorbidities and multimorbidity in bronchiectasis

Major advances in chronic disease management emerged at the end of the last century with
the generation of evidence-based clinical guidelines. Chronic diseases rarely occur in isolation
and frequently coexist with other chronic diseases, potentially adding to disease burden or
accelerating decline in a uni- or bidirectional manner. “Comorbidity” is defined as: “any
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distinct additional clinical entity that has existed or that may occur during the clinical course
of a patient with the index disease under study” [10]. Debate about the term’s accuracy
focuses on: which condition is the primary or index disease and the way these conditions
interact as cause and effect; the role played by shared risk factors; and common underlying
mechanisms [11]. “Multimorbidity” is described as: “any co-occurrence of medical conditions
within a person” [12]. Patients with multimorbidity are becoming the norm rather than the
exception, and managing multimorbidity requires an evolution away from the single-disease
focus that has dominated medicine for centuries [13].

Why are comorbidities important in the management of
bronchiectasis?

Comorbidities are ubiquitous among bronchiectasis patients. In ∼30% of patients, another
condition is considered to be the cause of the bronchiectasis. In an observational study of 986
bronchiectasis patients, the following results were noted. 1) A median of four comorbidities per
patient (interquartile range 2–6). 2) A significantly higher number of comorbidities were noted
in: males versus females (4 (2–6) versus 3 (2–5)); p=0.005); severe versus moderate versus mild
disease (4 (3–7) versus 3 (2–5) versus 3 (1–4); p<0.0001); and non-survivors versus survivors (6
(4–9) versus 3 (2–5); p<0.0001) [1]. 3) Of the 81 comorbidities identified, 26 were associated
with an increased mortality in bronchiectasis (figure 1), compared with the 15 identified in the
derivation of the COPD comorbidity test [14].

Patients with bronchiectasis are more prone to developing other significant pathologies,
compared to an age- and sex-matched general population. The potential impact of
comorbidities on bronchiectasis and vice versa include: provoking acute exacerbations;
interfering with the acute and chronic pharmacotherapy and rehabilitation aspects of the
comorbid conditions; and contributing to chronic disease progression. Examples are:
coexistent angina or peripheral vascular disease preventing a bronchiectasis patient
undergoing pulmonary rehabilitation; or marked bronchorrhoea in a COPD patient with
secondary bronchiectasis, admitted with acidotic hypercapnic respiratory failure, rendering
the patient intolerant of acute noninvasive ventilation.

Acute exacerbations are critical events in bronchiectasis; the frequent exacerbator phenotype is
associated with worse health status, and increased hospitalisations and mortality [15]. Patients
with multimorbidity are more likely to have a prolonged length of hospital stay for a severe
exacerbation and a higher inpatient mortality risk; both gastro-oesophageal reflux disease
(GORD) and heart failure are independent predictors of future hospitalisation over 1-year
follow-up [16]. In COPD, multiple comorbidities have cumulative effects on mortality [17]. A
significant amount of healthcare costs associated with bronchiectasis can be attributed to
comorbid conditions. In ∼30–40% of patients with bronchiectasis, the primary cause of death
is attributed to nonrespiratory disease [18, 19]. In the original BSI validation study, 16 (26%)
deaths among 62 patients were due to myocardial infarction (MI), heart failure and stroke
[20]. Similarly, in the Galway cohort of the BACI derivation study, 12 (27%) of 44 were
attributable to vascular disease and 6 (14%) were due to malignancy (unpublished data).

What links bronchiectasis with its comorbidities?

In patients with bronchiectasis complicating known airway diseases (such as asthma,
COPD and ABPA), the mechanism of deterioration is clear. Bronchiectasis leads to further
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impairment of mucociliary clearance, causing a vicious cycle of further infection and
progressive airway damage, resulting in poorer control of the primary disease.
Bronchiectasis associated with rheumatoid arthritis carries a higher risk of bronchiectasis
progression and increased mortality [21]. Airway inflammation is post-ceded by the
development of bronchiectasis either due to or as a result of progression of the primary
inflammation or intercurrent infection. Once bronchiectasis develops, however, the
immunosuppressive effects of the disease and its treatment often lead to marked
acceleration of airway disease and frequent exacerbations [21].

The association of bronchiectasis with accelerated vascular disease is more complex.
Systemic “spill-over” of airway and lung parenchymal processes, inflammation, on a
potential background of a congenital or acquired heightened susceptibility to exaggerated
inflammatory responses, is suspected to be a key link in the mechanistic pathway relating
bronchiectasis with its comorbidities. Systemic inflammation, partly caused by the ageing
process, is closely linked to an increased likelihood of developing multiple chronic
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Figure 1. Comorbidities associated with increased mortality in bronchiectasis as determined by the odds
ratio on survival analysis, with the largest circles having the highest impact and those inside the main circle
making up the BACI [1]. Metastatic malignancy includes lung and oesophageal cancer. Haematological
malignancy includes lymphoma, leukaemia, multiple myeloma. Connective tissue disease (CTD) includes
rheumatoid arthritis. Cerebrovascular accident (CVA) includes transient ischaemic events. PH: pulmonary
hypertension; IHD: ischaemic heart disease; PVD: peripheral vascular disease; GORD: gastro-oesophageal
reflux disease; VTE: venous thromboembolism; MI: myocardial infarction; CHF: congestive heart failure;
A. fib: atrial fibrillation; AAA: abdominal aortic aneurysm; CKD: chronic kidney disease; Pso.: psoriasis.
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conditions. It has been suggested that the source of systemic inflammation in bronchiectasis
may occur when a sufficient trigger is encountered. Individuals with this predisposition
may develop bronchiectasis as part of a systemic inflammatory syndrome (figure 2) [22].
Few studies have considered the association between biomarkers of systemic inflammation,
and outcomes in bronchiectasis, including comorbidities. Thus far, a significant
heterogeneity of systemic inflammation has been noted in bronchiectasis. Serum fibrinogen
has been linked with a rise in bronchiectasis severity in terms of reduced lung function,
Pseudomonas colonisation and impaired health status [23]. In COPD, elevated baseline
inflammatory markers have been associated with an increased risk of MI, diabetes mellitus,
lung cancer and pneumonia with these “inflamed comorbids” having the lowest survival
[24]. Aside from inflammation, however, there are some specific anatomical, mechanical
and pathophysiological links with certain comorbidities, many of which interact with each
other as well as with bronchiectasis and may form part of a wider network of disease. By
investigating this knowledge gap we may be able to identify pathway-specific treatment
targets that could aid the treatment of multi-diseased bronchiectasis patients.

How are comorbidities measured in bronchiectasis?

Over the last few years, there have been many new publications that propose, validate and
recommend new multidimensional indices for the assessment, management and
prognostication of bronchiectasis and its comorbidities. These include the BSI and the
FACED or E-FACED scores, developed to assess disease severity and/or mortality, none of
which were intended to systematically evaluate the prevalence and role of comorbidities
[25–27].
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Figure 2. Systemic effects and comorbidities of bronchiectasis. Peripheral lung inflammation may cause a
“spill-over” of cytokines increasing acute-phase proteins, potentially initiating and/or worsening comorbid
conditions. CRP: C-reactive protein; SAA: serum amyloid A; IHD: ischaemic heart disease; PVD: peripheral
vascular disease; PH: pulmonary hypertension; CTD: connective tissue disease. Reproduced and modified
from [22] with permission.
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The Charlson Comorbidity Index (CCI) is the most widely used tool for assessing the impact
of comorbid diseases on survival. As the CCI was developed in the 1980s and validated in a
secondary care population of 604 hospitalised general medical and 685 breast cancer patients,
it may not be wholly applicable to a modern and mainly outpatient bronchiectasis population
[28]. The CCI originally focused on 19 diseases; these diseases were assigned scores that
corresponded to their mortality risk. The individual scores assigned to each of the patient’s
comorbid conditions were then adding together to generate a total comorbidity score. Age was
found to be an independent predictor of risk of dying from comorbid conditions; as a result, a
composite age-comorbidity index was suggested by adding an extra point for every decade
over the age of 40. A further version of the CCI that incorporates depression, hypertension,
skin ulcers/cellulitis and use of warfarin, has been shown to predict healthcare costs relating to
diagnostic investigations, consultations and hospitalisations in addition to mortality. The CCI
has been used to assess the contribution of comorbidities in bronchiectasis. However, it does
not take into account some common comorbid conditions that have since been associated
with early mortality in bronchiectasis. This may be a potential limitation.

Measurement of the overall burden of comorbidity in bronchiectasis is fraught with difficulty
as many of the scrutinised conditions are complex in their own right and measurement of
their severity may be difficult, particularly in bronchiectasis patients. It is also difficult to
accurately judge each of their relative contributions in an individual patient. The BACI was
developed specifically for comorbidities and is the first bronchiectasis-specific comorbidity
index to predict the risk of death associated with comorbidities accompanying bronchiectasis,
based on 13 comorbidities or potential aetiologies, exhibiting significant associations with
mortality (table 1) [1]. When excluding underlying known primary aetiologies, GORD, solid
organ cancer (lung and oesophageal) and thromboembolic disease were also significant
contributors to mortality in the BCI (BCI-excluding aetiologies).

For the calculation of the BACI, point scores ranging from 2 to 12 were assigned to these
comorbidities in proportion to their hazard ratios (HR) (table 1). The intention is that the
sum of the points captures the individual or combination of diseases that are affecting each
patient, with a maximum total of 55. A score of 0 indicates no comorbidities; 1–6 indicates

Table 1. BACI points breakdown according to hazard ratios

Comorbidity Points

Metastatic malignancy 12
Haematological malignancy 6
COPD 5
Cognitive impairment 5
IBD 4
Liver disease 4
Connective tissue disease 3
Iron deficiency anaemia 3
Diabetes 3
Asthma 3
Pulmonary hypertension 3
Peripheral vascular disease 2
Ischaemic heart disease 2

Reproduced and modified from [1] with permission.
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intermediate risk comorbidities; and ⩾6 indicates high risk comorbidities. For example, a
patient with bronchiectasis secondary to rheumatoid arthritis, with co-existing COPD,
ischaemic heart disease and diabetes would score 13 (high risk), whereas a patient with
bronchiectasis secondary to IBD with no other comorbidities would score 3 (intermediate
risk). The HR (95% CI) for death conferred by a 1-point increase in the BACI score was
1.18 (1.14–1.23) (p<0.0001), equating to an 18% increase in mortality. The BACI’s
predictive ability was superior to all other predictive tools of this kind in bronchiectasis,
including the BSI, FACED, the CCI and a simple comorbidity count; it was also more
successful when predicting 2-, 3- and 5-year mortality, indicating that the score works
similarly for annual prediction as for longer term prediction. Moreover, the BACI could
provide further prognostication when used in conjunction with the BSI; it had the highest
predictive capacity of all (area under the curve (AUC) 0.83 (95% CI 0.79–0.87), followed by
the BACI (0.79 (0.75–0.83)) and the BSI (0.78 (0.73–0.84)). Significant correlations between
the BACI and the BSI and FACED scores, lung function, radiological scores, dyspnoea
scores, prior exacerbations and hospitalisations were observed. It is worth noting that BACI
was also shown to predict subsequent exacerbations and hospitalisations on follow-up and
is independently correlated with Pseudomonas aeruginosa colonisation; this offers further
predictive potential in the clinical setting and suggests that comorbidities directly influence
pulmonary outcomes [1].

To date, the previously discussed study is the only one that has attempted to unravel the
overall burden of bronchiectasis-related comorbidities that may potentially advance our
understanding of the global assessment of patients with bronchiectasis [1]. Comorbidities
in the BACI could constitute a core of “red flag” comorbidities that healthcare providers
should pay increased attention to in guiding a targeted personalised screening and
treatment approach in patients with bronchiectasis. Nevertheless, the applicability of the
BACI in different geographical (developed and developing countries) and clinical settings
(primary, secondary or tertiary care, lung transplant populations) are needed in order to
substantiate its use. Further studies to assess the responsiveness of indices to interventions
and establish how this score might affect clinical practice are also needed.

It is clear that bronchiectasis, with all of its complex facets, is inextricably linked with a
number of important comorbidities that each require recognition, assessment and
appropriate management in order to maximise patient outcomes. The rest of this chapter
will consider individual comorbidities in bronchiectasis and potential implications for
management.

Vascular disease and risk factors

A higher prevalence of vascular disease associated with increased disease severity and
mortality has been observed in bronchiectasis patients. Many studies published to date have
attempted to draw on relationships with vascular disease as a whole entity rather than
specific individual diagnoses, which have their own specific management algorithms [20,
29–33]. In this section, we discuss cardiovascular disease, cerebrovascular disease, heart
failure, pulmonary hypertension (PH), thromboembolic disease and risk factor conditions
of hypertension, hypercholesterolemia and diabetes.

In a large-scale population-based cross-sectional epidemiological study performed in the
UK, individuals with bronchiectasis were shown to be at an increased risk of cardiovascular
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and cerebrovascular disease, not attributable to smoking; this suggested that bronchiectasis
may be an independent risk factor for vascular disease [29]. Cardiovascular disease was a
composite outcome of having a recorded diagnosis of at least one of the following: angina,
MI or coronary artery bypass graft (CABG). Cerebrovascular disease included ischaemic or
haemorrhagic stroke, transient ischaemic attacks and subarachnoid haemorrhage.
Bronchiectasis patients had higher pre-existing comorbidities of cardiovascular (OR 1.33
(95% CI 1.25–1.41)) and cerebrovascular disease (OR 1.92 (95% CI 1.85–2.01)) compared
with the general population adjusted for age, sex, smoking and other cardiovascular disease
risk factors. Recorded diagnoses of MI and CABG were also increased, suggesting that
bronchiectasis patients were also likely to have more severe disease that required
intervention. The rates of first cardiovascular (HR 1.44 (95% CI 1.27–1.63)) and
cerebrovascular events (HR 1.71 (95% CI 1.54–1.90)) were also higher in people with
bronchiectasis. Estimates suggest that one in five bronchiectasis patients will have an
existing diagnosis of cardiovascular or cerebrovascular disease; it is also estimated that
5-year follow-up of a cohort of 100 people would show three cardiovascular events and five
cerebrovascular events, compared with one of each in those without bronchiectasis [29].

The self-controlled case series method was recently used in a within-person comparison to
calculate the relative risk of first-time cardiovascular events (either first MI or stroke) after
a respiratory tract infection compared with the individual’s baseline risk. The study showed
an increased rate of first-time cardiovascular events in the 91-day period after a respiratory
tract infection (incidence rate ratio (IRR) 1.56 (95% CI 1.20–2.02)). During the first 3 days
after infection the rate of a first cardiovascular event was highest in (IRR 2.73; 95% CI
1.41–5.27); this suggests that respiratory tract infections are strongly associated with a
transient increased risk of first-time MI or stroke among people with bronchiectasis. As
these infections are six times more common in people with bronchiectasis than the general
population, the increased risk has a disproportionately greater impact on these individuals;
cardiovascular risk modifications in airway infection treatment pathways should potentially
be considered in this population [30].

The previously discussed epidemiological study observed a prevalence of hypertension,
hyperlipidaemia and diabetes in 18%, 7% and 5%, respectively [29]. In the BACI derivation
cohort of 986 patients, there was a high prevalence of vascular comorbidities and risk
factors, including hypertension (28%), hypercholesterolaemia (20%), ischaemic heart
disease (12%), congestive heart failure (10%), peripheral vascular disease (9%), atrial
fibrillation (9%), diabetes mellitus (7%), cerebrovascular disease (6%), PH (5%) and
valvulopathy (4%); all except hypertension, hypercholesterolaemia and valvulopathy were
associated with increased mortality [1]. It has also been shown that age-specific all-cause
mortality rates are higher in people with bronchiectasis compared with the general
population, including those under the age of 50, the reasons for which remain unclear [31].

A case–control study of 20 cases of bronchiectasis and 20 controls matched for age, sex and
smoking status found that cases with bronchiectasis had a higher aortic pulse wave velocity,
a measure of arterial stiffness and an independent predictor of cardiovascular risk,
compared with controls, despite similar central and peripheral blood pressure and lipid
profiles. In addition to being linked with advancing age and atherosclerotic burden,
elevated arterial stiffness has a causal relationship with cardiovascular mortality through
increased left ventricular afterload and impaired coronary perfusion [32]. A recent
cross-sectional study that compared direct cardiovascular risk factor measures of aortic
stiffness, cardiac biomarkers and systemic inflammation with calculated QRISK2 scores,
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showed a significant correlation between the BSI and the measured cardiovascular risk
assessments; this was primarily driven by greater exacerbation frequency and a lower
FEV1% predicted. Pulse-wave velocity was shown to be significantly higher in frequent
exacerbators (⩾3 events·year-1) than infrequent exacerbators (<3 events·year-1) (10.5 versus
9.2; p=0.01). Frequent exacerbators also had elevated serum C-reactive protein
concentration, which edncreased systemic inflammation (4.8 versus 2.2 mg·L-1; p=0.005).
Cardiovascular risk was systematically underestimated in this population by QRISK2
(median change in relative risk 1.29). This underestimation was associated with frequent
exacerbations and male sex [33]. This suggests that bronchiectasis patients have a greater
cardiovascular risk than published reference populations and that excess cardiovascular risk
is associated with exacerbation frequency and impaired lung function.

A nationwide population-based cohort epidemiological study in Taiwan showed
bronchiectasis to be an independent risk factor of ischaemic stroke, with an incidence rate of
9.18 versus 4.66 per 1000 person-years in bronchiectasis patients compared to patients
without bronchiectasis; a 1.74-fold increased risk of developing ischaemic stroke was also
found in bronchiectasis patients compared with the non-bronchiectasis cohort (95% CI 1.28–
2.35) after controlling for age, sex, and comorbidities [34]. Stroke incidence was higher in
patients with multiple comorbidities, including hypertension, diabetes, hyperlipidemia,
ischaemic heart disease, congestive heart failure, COPD and atrial fibrillation, compared with
the patients without any corresponding comorbidity. After adjustment for covariates,
hypertension, diabetes and atrial fibrillation remained independent risk factors for
cerebrovascular disease, exhibiting a multiplicative risk of ischaemic stroke compared with
patients with neither bronchiectasis nor comorbidity. In patients with bronchiectasis, the risk
of ischaemic stroke increased with the number of emergency department visits and
hospitalisations each year (1–3 times·year-1: HR 4.3 (95% CI 2.5–7.4); >3 times·year-1: HR 6.2
(95% CI 2.3–16.9)) compared with those without bronchiectasis; this suggests that the risk of
ischaemic stroke is higher in bronchiectasis patients with more severe disease [34].

A retrospective study of 400 patients in Edinburgh (UK) found bronchiectasis severity to be
independently associated with the development of all-cause vascular disease (ischaemic
heart disease, cerebrovascular disease, peripheral vascular disease and atrial fibrillation)
after a diagnosis of bronchiectasis, occurring in 11% of patients on follow-up after 9.4 years
(95% CI 6.0–12.8 years). Independent factors associated with all-cause vascular disease
post-diagnosis included male sex, hypertension, receiving long-term statin therapy and
having moderate or severe bronchiectasis according to the BSI [20].

Cardiac failure is a complex clinical syndrome that has many features in common with
bronchiectasis, particularly the cardinal symptoms of dyspnoea and fatigue. There are many
causes of heart failure but the most common are ischaemic heart disease and long-standing
poorly controlled hypertension, both of which are common comorbidities in bronchiectasis.
A case–control study in 25 bronchiectasis patients compared with 22 age- and sex-matched
controls showed impaired ventricular function using tissue Doppler-derived myocardial
performance index. The impairment of right ventricular function was related to increased
lung lobe bronchiectasis number, reduced arterial oxygen pressure and reduced
acceleration/ejection time of pulmonary flow [35]. Bronchiectasis-associated PH is
increasingly common in more severe disease, and tends to progress slowly and reduce
survival [1, 20]. However, the prevalence and importance of PH in bronchiectasis is not
well studied, partly because conventional tests for evaluating pulmonary artery pressure are
not routinely performed on bronchiectasis patients.
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A prospective, cross-sectional study of PH in bronchiectasis patients in Saudi Arabia
showed a prevalence of 33% based on echocardiography. PH was associated with cystic
bronchiectasis, whereby systolic pulmonary artery pressure was positively correlated with
arterial carbon dioxide tension and inversely correlated with arterial oxygen tension,
diffusion capacity of the lung and FEV1 [36]. A UK study assessing predictors of PH on
CT found average right and left main pulmonary artery diameter to be the best predictor
of mortality in bronchiectasis patients (HR 1.24 (95% CI 1.13–1.35); p<0.0001); it was
also shown to be associated with outcome, independent of CT signs of bronchiectasis. A
weak inverse relationship between average right and left main pulmonary artery diameter
and FEV1 was observed, which was hypothesised to be related to hypoxia [37]. PH is also
a feature of the BACI due to its significant effect on mortality in bronchiectasis [3]. More
recently, in a retrospective study of 36 patients with bilateral bronchiectasis and PH using
echocardiography, the mean±SD pulmonary arterial pressure was 41.5±SD 11.7 mmHg, and
>35 mmHg (severe) in 75% of cases and inversely correlated with arterial oxygen
saturation values. In 24 patients who received oral pulmonary arterial hypertension
therapy, systolic pulmonary arterial pressure was reduced from 82.4±27.0 to 65.5±20.9
mmHg on echocardiography after a median of 6 months of follow-up. The overall
probability of survival was 97.1% at 1 year, 83.4% at 3 years and 64.5% at 5 years [38].
Further studies are needed to establish the precise prevalence of PH and its mechanisms
in bronchiectasis patients.

Hypertension and hypercholesterolaemia are generally asymptomatic but their sequelae
may have a profound impact on bronchiectasis patients. Given their high prevalence,
central role in many other conditions, effective therapies and simple diagnosis,
hypertension and hypercholesterolaemia should be effectively screened for and managed in
bronchiectasis patients in accordance with local policies and guidance. Given their
anti-inflammatory and immune-modulating effects in bronchiectasis, beyond important
effects on cardiovascular risk reduction, statins should perhaps be considered in patients
with any vascular risk factor.

Type II diabetes mellitus is associated with an increased mortality in bronchiectasis [1].
This finding has yet to be corroborated but may be attributed to chronic systemic
inflammation. In COPD, the presence of diabetes is associated with higher hospital
admissions and lower survival. Hyperglycemia during acute exacerbations of COPD
requiring hospitalisation has been associated with poorer outcomes in terms of the
requirement for acute noninvasive ventilation, longer inpatient stay and higher in-hospital
mortality [39]. Polymicrobial sputum culture growth is more likely in these patients during
hospitalisation, possibly due to a poorer immune response. It is increasingly understood
that airway glucose levels may be a modifiable determinant of airway microbiology [40, 41].
A Taiwan national population-based study identified diabetes as a risk factor for developing
TB after adjusting for confounding factors, demonstrating its association with increased
susceptibility to infection [42]. Diabetes was also found to be independently associated with
an increased mortality in newly diagnosed TB [43]. Cross-sectional studies of adults with
diabetes demonstrate reduced lung function compared with their non-diabetic
counterparts, which is inversely related to blood glucose levels, duration of diabetes and its
severity, and is independent of smoking or obesity [44]. In the absence of a preventative
approach, aside from lifestyle advice, and given the high prevalence and adverse clinical
impact of diabetes on bronchiectasis patients, it may be worth screening those at higher
risk to enable earlier diagnosis and prevention of complications. Further work on the role
of diabetes in bronchiectasis is needed.
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In addition to high rates of atherothrombotic arterial vascular events in bronchiectasis, there
is also some evidence of excess venous thromboembolism and a significant association with
increased mortality [1]. Platelet activation has been shown to be increased in stable
bronchiectasis patients [45] and, similar to COPD, is likely to further increase during
exacerbations [46]. Thrombocytosis was observed in 12.9% of 287 bronchiectasis patients in
Dundee (UK) using flow cytometry and ELISA, suggesting a possible link between systemic
inflammation and airway neutrophil activation. These patients had more frequent
exacerbations, worse quality of life (QoL) and higher BSI scores even after adjustment for
confounders with a mortality HR of 2.9 (95% CI 1.1–7.8) [45]. Measures to reduce the
incidence of arterial and venous thromboembolism are already standard practice, such as
appropriate antiplatelet therapy in the stable state and low molecular weight heparin during
hospital admission, which should be adhered to unless there are convincing contraindications.

The association between bronchiectasis and vascular disease is likely to be multifactorial
and may involve the following mechanisms. 1) Chronic low-grade inflammation associated
with bronchiectasis may promote development of atherosclerosis and risk of vascular events
[47]. 2) Acute infections associated with bronchiectasis may induce an acute inflammatory
response, transiently increasing the risk of vascular events. 3) Acute respiratory tract
infections like Chlamydia pneumoniae and influenza infection may increase the risk of
vascular events, although the mechanism has yet to be elucidated [48, 49]. 4) Poor sleep
hygiene quality is increasingly recognised as a risk factor of vascular events [50, 51].

In summary: 1) bronchiectasis may be an independent risk factor for the development of
vascular disease. 2) The risk of first-time MI or stroke may be higher in the 90 days after a
respiratory tract infection compared with baseline. 3) Mortality risk is increased in
bronchiectasis patients with ischaemic heart disease, congestive heart failure, atrial
fibrillation, ischaemic stroke, peripheral vascular disease, type II diabetes, PH and/or
thromboembolic disease.

Malignancy

A nationwide retrospective cohort study investigating the incidence and risk of cancer in
53 755 patients newly hospitalised with bronchiectasis between 1998 and 2010 in Taiwan
showed that bronchiectasis patients exhibited a 1.46-fold greater risk of cancer than the
comparison cohort, comprising 215 020 people from the general population without
bronchiectasis, after adjusting for age, sex and comorbidities (HR 1.46 (95% CI 1.41–1.52))
[52]. Patients with bronchiectasis had a considerably higher risk of lung cancer (HR 2.40
(95% CI 2.22–2.60)), oesophageal cancer (HR 2.06 (95% CI 1.61–2.64)) and haematological
malignancy (HR 2.02 (95% CI 1.72–2.37)) than the comparison cohort. A sex-specific
comparison of lung cancer risk revealed a HR of 2.41 (95% CI 2.11–2.76) for women and
2.33 (95% CI 2.12–2.56) for men [53]. These findings were replicated in the BACI
derivation cohort of 986 bronchiectasis patients, in which lung, oesophageal and
haematological malignancies were found to be associated with increased mortality among
bronchiectasis patients [1].

De novo development of bronchiectasis in patients with haematological malignancy
independent of malignancy subtype was noted in a retrospective review of 22 patients
identified as having haematological malignancy and bronchiectasis, with a median time
between haematological malignancy and bronchiectasis diagnosis of 34 months [54]. These
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patients were noted as having a significantly increased morbidity, reduced lung function
and reduced QoL compared with bronchiectasis patients without haematological
malignancy. These findings support the association of haematological malignancy and its
treatment in the development of bronchiectasis mainly due to severe immunosuppression,
including Ig deficiency. In the latter patients, Ig replacement therapy is sometimes
necessary to try and control the airway suppuration. All but one patient received multiple
courses of chemotherapeutic regimens with pulmonary toxicities, although none is known
to cause bronchiectasis.

In summary: 1) bronchiectasis is associated with an increased risk of lung and oesophageal
solid organ cancers. 2) Haematological malignancy may be a risk factor for the
development of bronchiectasis.

Gastro-oesophageal reflux disease

GORD has emerged as an important comorbidity in ⩽25–75% of patients with
bronchiectasis and has been associated with increased symptoms, exacerbations and
hospitalisations, radiological extent, chronic infection, reduced QoL and increased mortality
[1, 55–59]. GORD may be diagnosed using a combination of symptoms, objective
measurements or responses to empiric anti-secretory therapy. Many episodes of reflux are
asymptomatic and may only be detected by pH impedance. The main factors that
determine the significance of GORD include the frequency, duration and extent of reflux
episodes as well as the volume, composition and destination of the refluxate [59]. GORD
may be associated with pulmonary micro-aspiration of gastric contents [56]. The detection
of pepsin and bile acids, markers of gastric and duodenal reflux, in saliva, sputum, tracheal
aspirates or BAL fluid have been proposed as biomarkers of reflux aspiration and, in the
future, may complement questionnaires as a screening tool to assist an office-based
diagnosis of GORD in patients with chronic lung disease.

Reflux may be more prevalent in bronchiectasis for a number of reasons, including an
increased prevalence of hiatal hernias, oesophageal motility dysfunction, respiratory
medications altering sphincter tone and changes in respiratory mechanics, with increased
cough and lung hyperinflation potentially compromising the diaphragm–oesophageal
interface [58]. Once liquid refluxate lies within the oesophagus, increased intrathoracic
pressure may potentiate the movement of fluid against gravity towards the larynx whereby
it is possible for small amounts of liquid refluxate to spill over into the airway, causing an
inflammatory response and potentially increasing susceptibility to infection. In vitro studies
have shown that bile acid challenge of the airway epithelial cells causes epithelial to
mesenchymal transition [60–64]. Initial data from the European Multicentre Bronchiectasis
Audit and Research Collaboration (EMBARC) registry study identified a self-reported
history of GORD and proton pump inhibitor use to be associated with a significantly
increased rate of exacerbations (IRR 1.26 (1.09–1.44) and 1.29 (1.24–1.35), respectively;
p<0.0001) [65]. It may be possible that frequent exacerbations drive further GORD and
that they act in a bidirectional manner. GORD has been associated with an increased risk
of oesophageal and lung cancer in the general population, and may be responsible for the
increased prevalence and mortality associated with these malignancies in bronchiectasis
[66, 67]. Our index of suspicion for GORD should remain high, particularly in patients
with frequent exacerbations, rapidly deteriorating airway radiology or associated
bronchiolitis, or where conventional bronchiectasis management has failed as this may have
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important therapeutic and prognostic implications. Both medical and surgical treatment
options are available for GORD, although none have yet been shown to be specifically
useful in bronchiectasis, thus management should conform to standard practice.

In summary: 1) GORD has been associated with increased mortality in bronchiectasis. 2)
GORD contributes to increased symptoms, exacerbations, hospitalisations, radiological
extent and reduced QoL in bronchiectasis.

Cognitive impairment, sleep and mood disturbances

There are very few studies that have investigated cognitive function in bronchiectasis
patients. GULHAN et al. [68] used the Wechsler Adult Intelligence Scale to compare the
cognition of 30 stable bronchiectasis patients with 25 healthy volunteers, and found that
patients with bronchiectasis exhibited lower IQ, and lower verbal and performance tests
scores compared with healthy subjects. Bronchiectasis subjects who exhibited a lower
cognitive ability had significantly higher depression scores and a lower oxygen saturation;
both of these variables significantly contributed to cognitive ability in a multivariate model.

Reduced cognitive ability in bronchiectasis may have several causes. Hypoxia is a probable
contributory factor and has been associated with an increased risk of cognitive impairment
in COPD [69]. Depression may also be a contributing factor: in their meta-analysis,
MCDERMOTT and EBMEIER [70] reported that increasing depression severity was associated
with poorer episodic memory, executive function and processing speed. The prevalence of
depression and anxiety in bronchiectasis patients has been reported to be 20–55% [71–76].
Depression and anxiety in bronchiectasis is associated with increased disease severity,
increased emergency department attendance and worse QoL, adding to the disease burden
[71, 74, 75]. Correlations of depression with increased breathlessness and reduced exercise
performance have been observed, whilst anxiety has been associated with increased sputum
production and bacterial colonisation, particularly Pseudomonas aeruginosa colonisation
[76]. Both depression and anxiety are significant predictors of poorer QoL in
bronchiectasis, independent of respiratory involvement, sex, age, exacerbation frequency,
daily sputum, aetiology or spirometry [74, 76]. There is significant interplay between
depression, sleep disturbance and cognitive impairment in bronchiectasis [77]. Unlike
COPD, no association with mortality has been observed in bronchiectasis to date [1].

In summary: 1) a higher prevalence of anxiety, depression, sleep disturbance and cognitive
impairment have been noted in bronchiectasis patients. 2) Mood and sleep disturbances
lead to reduced QoL in bronchiectasis patients. 3) Cognitive impairment is associated with
increased mortality in bronchiectasis.

Iron deficiency anaemia

Iron deficiency anaemia (IDA) has a negative impact on bronchiectasis prognosis. However,
there is limited data available on the reported prevalence of IDA in bronchiectasis or its
impact on morbidity and QoL. In younger patients, the presence of IDA should prompt
investigation for CF with sweat test and genotyping. Low haemaglobin levels in anaemic
patients with bronchiectasis may result in lower exercise capacity and anaerobic threshold,
contributing to disease severity and worse QoL. Some evidence suggests that systemic
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inflammation may play an important pathogenic role, but anaemia in bronchiectasis is
probably multifactorial and may be caused by others factors, such as concealed chronic
renal failure, decreased androgenic levels, iron depletion, angiotensin-converting enzyme
inhibitor treatment and exacerbations [78]. Strategies to define iron deficiency in patients
with bronchiectasis may be confounded by pseudo increases in inflammation-associated
ferritin and the presence of iron deficiency before a loss of haemaglobin or mean
corpuscular volume occurs. The use of a more accurate definition of iron deficiency
(ferritin 100–300 mg·L-1 and transferrin saturation <20%) and the complementary
measurement of soluble transferrin receptor or hepcidin may offer a more sensitive
assessment of iron status and response to therapy in patients with bronchiectasis [79].
Additional studies to assess the impact of iron deficiency with and without concurrent
anaemia should be performed in this patient population and special efforts made to
improve clinical management of iron deficiency and IDA in bronchiectasis patients to
achieve better patient care.

In summary, IDA has been associated with an increased mortality risk in bronchiectasis.

Other common comorbidities

Osteoporosis was identified as one of the top five most prevalent comorbidities in the BACI
derivation cohort (16%); however, no increased mortality risk was observed in these
patients [1]. In a single centre study of 20 bronchiectasis patients versus 20 controls, fewer
patients had an accepted healthy BMI or normal bone mineral density when compared
with age- and sex-matched controls; 80% of patients had either confirmed osteoporosis or
osteopenia compared with 50% of controls [32]. Corticosteroid treatment is not routinely
given in the treatment of bronchiectasis but may be used to treat the underlying aetiology.
As osteoporosis occurs more frequently with age and more commonly affects females, this
increase in prevalence may be purely coincidental. Similarly, a small number of studies
have identified an increased frequency of stress urinary incontinence among patients with
bronchiectasis, which negatively affects QoL [80, 81]. Patients with SUI were significantly
older than their counterparts and no association with underlying lung disease severity was
noted, suggesting that age rather than the effects of coughing may be responsible for
increased prevalence among these patients. Given their high prevalence and negative effect
on QoL, these comorbidities should be screened for and managed in bronchiectasis patients
according to standard practice.

Implications of multimorbidity in the management of bronchiectasis

There is limited literature available on the management of multimorbidity in bronchiectasis.
Whilst we have highlighted the importance of screening for high-risk comorbidities that may
contribute to worse outcomes in bronchiectasis, management of these comorbidities generally
conforms to standard practice guidelines. Management and intervention in bronchiectasis
patients with comorbidities requires a holistic approach based on pharmacological and
non-pharmacological treatment, guideline-based management for specific comorbidities, and
modification of the risk factors for bronchiectasis and comorbidities. From a pharmalogical
viewpoint, it is well recognised that both statins and macrolides have been shown in RCTs to
modify disease prognosis and improve clinical outcomes in bronchiectasis, owing to their
anti-inflammatory effects and their role on systemic inflammation, with the development of
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new selective anti-inflammatory agents potentially holding promise for the future [82, 83].
Given the known associations with vascular diseases in this patient population, primary
prevention with aspirin and statins should potentially be considered early in the disease
course. Recent studies have shown no significant increase in cardiac arrhythmias with
macrolides and the resulting lower all-cause mortality in older adults may be linked to its
effects on systemic inflammation and comorbidities [84, 85]. From a non-pharmacological
perspective, management of bronchiectasis includes ACTs, influenza and pneumococcal
vaccination, smoking cessation if indicated, and pulmonary rehabilitation with exercise
training, emphasis on self-management and behavioural change, psychological support and
nutritional support, all of which have the potential to benefit a number of comorbidities.

Given the potential complications of treatment and the interactions between comorbid
diseases and bronchiectasis, an integrated multidisciplinary care approach to the management
of patients with bronchiectasis would help to optimise patient outcomes. In order to build
such a chronic care model, future research should: evaluate current treatment regimens in
patients with different patterns of comorbid conditions; include patients with comorbid
conditions in clinical trials whereby appropriate analytic strategies to understand the
heterogeneity of the treatment effect can be considered; and continue to investigate possible
pathophysiological connections between bronchiectasis and comorbidities. Further work is
needed to understand the effects of comorbidity management on the overall outcome of
bronchiectasis.

Conclusion

Patients with bronchiectasis are frequently afflicted by comorbidities, many of which confer
an independent risk of death, and may drive disease progression. Further research to better
understand the biological mechanisms behind these associations is warranted. Recognition
and management of comorbidities is the next major challenge in chronic disease
management and will involve a fundamental change in the way that primary and secondary
healthcare will be provided in the future.
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| Chapter 5

Defining severe bronchiectasis
Josje Altenburg1,2 and Pieter C. Goeminne3,4

Severity assessment has proven useful in many respiratory diseases and is expected to
become increasingly important in the management of bronchiectasis patients. Clinical
severity scores allow clinicians and researchers to identify low- and high-risk patients, make
evidence-based treatment decisions and select the right population for clinical trials. In this
chapter, we discuss the importance of severity assessment. A wide variety of patient-related
factors are known to have an impact on disease severity in bronchiectasis, and an overview
of these factors is provided. Currently, different clinical prediction tools are available for
classification of disease severity in bronchiectasis: the BSI, the FACED score (and its
derivative, the E-FACED score including exacerbations) and the BACI. Finally, we analyse
the differences among the scoring systems, and highlight their advantages and disadvantages.

Cite as: Altenburg J, Goeminne PC. Defining severe bronchiectasis. In: Chalmers JD, Polverino E, Aliberti S,
eds. Bronchiectasis (ERS Monograph). Sheffield, European Respiratory Society, 2018; pp. 62–81 [https://doi.
org/10.1183/2312508X.10015517].
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Clinical severity scores let us identify low- and high-risk patients, make evidence-based
treatment decisions and select the right population for clinical trials. Further research is
needed to determine their use to guide treatment and improve outcome. http://ow.ly/
Yva330ksJkB

Bronchiectasis has a broad spectrum of presentation, ranging from patients with almost
no symptoms who have infrequent exacerbations to those with severe symptoms,

frequent exacerbations and important lung structural damage, which may even require lung
transplantation. We also know from recent data that bronchiectasis has an increasing
prevalence and hospitalisation rate [1–3].

Historically, bronchiectasis severity was defined mainly by its radiological severity. Almost
70 years ago, REID [4] classified bronchiectasis into cylindrical, varicose and saccular
deformations, a classification still used today. Several other radiological severity scores have
since been introduced. These newer scores have been derived from CT scans of patients
with CF [5–7] or from a subpopulation of patients with CF [8]. Recently, a specific non-CF
bronchiectasis radiological score was developed [9]. An overview of the characteristics
of these scores can be found in table 1. Although radiological severity is important,

Copyright ©ERS 2018. Print ISBN: 978-1-84984-097-2. Online ISBN: 978-1-84984-098-9. Print ISSN: 2312-508X. Online ISSN: 2312-5098.

Correspondence: Pieter C. Goeminne, Dept of Respiratory Disease, AZ Nikolaas, Moerlandstraat 1, 9100 Sint-Niklaas, Belgium. E-mail:
pieter.goeminne@aznikolaas.be

1Dept of Respiratory Disease, Erasmus Medical Centre, Rotterdam, The Netherlands. 2Dept of Respiratory Disease, Academic Medical
Centre, Amsterdam, The Netherlands. 3Dept of Respiratory Disease, AZ Nikolaas, Sint-Niklaas, Belgium. 4Dept of Respiratory Disease,
UZ Leuven, Leuven, Belgium.

62 https://doi.org/10.1183/2312508X.10015517

https://doi.org/10.1183/2312508X.10015517
https://doi.org/10.1183/2312508X.10015517
https://doi.org/10.1183/2312508X.10015517
http://ow.ly/Yva330ksJkB
http://ow.ly/Yva330ksJkB
http://ow.ly/Yva330ksJkB
mailto:pieter.goeminne@aznikolaas.be


CT findings are not precise enough to encompass the complexity of this disease. Moreover,
they require skill and are time-consuming. These are the main reasons why radiological
severity scores are used less frequently in daily clinical practice.

Nonetheless, severity assessment and scores in general can be very useful. As management
of bronchiectasis is a challenging task, mainly because of the heterogeneity of the
population at risk, severity scores could guide healthcare workers. Currently, there are no
licensed therapies for bronchiectasis, and as the majority of current treatments are
antibiotic based, antibiotics need to be preserved for patients at severe risk of
complications, thus avoiding overtreatment of mild bronchiectasis in light of antibiotic
stewardship [10–12]. In addition, using severity scores helps us to identify patients who
require long-term follow-up in secondary care. In short, severity scores enable us to select
those in need of more aggressive treatment aiming to reduce complications at an early
stage. Similarly, it allows us to select patients with mild disease who might need simpler
treatment regimes and who could be followed in a primary care setting. In addition, when
used as predictors of disease outcome, severity scores are informative for caregivers, who in
turn will be better prepared to inform patients about their prognosis and expected
morbidity. This approach might lead to improved patient satisfaction and a reduction in
healthcare costs.

Severity scores also allow us to select the right population for clinical trials. It is essential
that the population being studied in a clinical trial is representative of the population the
treatment is aimed at. It is probable that disease severity modifies treatment response, and
some therapies might appear less helpful in mild or moderate bronchiectasis, while they
might benefit patients with severe disease. Not stratifying patients on an accurate basis may
hamper clinical trials, influencing the outcome of the studied drug in a negative manner.

Other respiratory diseases have proven the importance of severity scores both in predicting
outcome and in influencing management. In pulmonary embolism, the Pulmonary
Embolism Severity Index is a commonly used clinical score that is used not only to predict

Table 1. Characteristics of radiological severity scores in CF and non-CF bronchiectasis

Feature First author [ref.]

BHALLA [5] BRODY [6] ROBINSON [7] REIFF [8] BEDI [9]

Patient population CF CF CF CF and non-CF Non-CF
Bronchial dilatation ✓ ✓ ✓ ✓ ✓
Emphysema ✓ ✓ ✓
Lobes involved ✓ ✓ ✓ ✓
Bronchial wall thickening ✓ ✓ ✓
Air trapping ✓ ✓ ✓
Consolidation ✓ ✓ ✓
Ground-glass opacities ✓ ✓ ✓
Bullae ✓ ✓
Mucus plugging ✓ ✓
Mosaic pattern ✓
Nodules ✓
Intralobular septal thickening ✓
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mortality but also to decide on early discharge [13, 14]. In a similar fashion, scores were
developed for community-acquired pneumonia, with the severity assessment scoring
systems CURB-65 (confusion, urea >7 mmol·L−1, respiratory rate ⩾30 breaths·min−1, blood
pressure <90 mmHg (systolic) or ⩽60 mmHg (diastolic), age ⩾65 years) and the
Pneumonia Severity Index being used most frequently to estimate outcome and guide
treatment [15, 16]. Similar guidelines are available for asthma and COPD [17, 18]. Similar
tools for bronchiectasis might give us these same benefits.

At present, there are two scales that can be used to assess the severity and prognosis of
bronchiectasis: the BSI (table 2) and the FACED score and its extended version, the
E-FACED score (table 3) [19–21]. All scores have clear advantages and disadvantages, which
will be discussed in a later section. As a fourth predictive score, the BACI focuses on
comorbidities and aims to provide severity assessment complementing the BSI (table 4) [22].

Severity scores do not encompass all elements that influence disease severity. Some
elements have only limited impact and are not included in the scores, while others do not
have enough evidence yet, or have just recently been given more awareness and need more
research to fully understand their impact. This is why clinicians should not only be aware
of the limitations and strengths of severity scores, but should also bear in mind that many
other factors are essential for disease severity determination. The latter will be the focus of
the next section. An overview of the different factors and how they are incorporated into
the scores can be seen in figure 1.

How do we define severe bronchiectasis?

Characteristics influencing disease severity

Lung function
Lung function can vary widely in patients with bronchiectasis. Although most patients will
have an obstructive lung function, restrictive or normal patterns can also be seen [23]. Loss
of lung function has been demonstrated in nonsmoking bronchiectasis patients with an

Table 2. BSI score

Criterion Points

0 1 2 3 4 5 6

Age years <50 50–69 70–79 ⩾80
BMI kg·m−² ⩾18.5 <18.5
FEV1 % predicted >80% 50–80% 30–49% <30%
Colonisation No Yes PACI
MRC dyspnoea scale 1–3 4 5
Radiological extent <3 lobes ⩾3 lobes or

cystic changes
Exacerbations in past year 0–2 ⩾3
Hospitalisation in past 2 years No Yes

BSI risk: 0–4 points, mild; 5–8 points, moderate; >8 points, severe. MRC: Medical Research
Council; PACI: Pseudomonas aeruginosa chronic infection/colonisation.
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average accelerated decline in FEV1 of around 50 mL·year−1 and an even higher decline of
123 mL·year−1 in patients with a chronic Pseudomonas aeruginosa infection [24]. Similar
but less pronounced decreases have been shown in other retrospective studies and also in
the placebo groups of the BLESS (Bronchiectasis and low-dose erythromycin study) and
EMBRACE (Effectiveness of macrolides in patients with bronchiectasis using azithroymycin
to control exacerbations) trials [12, 25, 26]. Severity of bronchial dilatation was also
associated with lung function. More severe bronchial dilatation resulted in increased airflow
obstruction [27]. These findings are consistent with the inclusion of lung function in the
FACED and BSI scores. Interestingly, when evaluating the lung function response after
treating an exacerbation, FEV1 did not improve significantly in the overall population, but
almost 20% of the patients had an improvement of >12% or 200 ml, again showing the

Table 3. FACED and E-FACED scores

Criterion Points

0 1 2

FACED
Chronic Pseudomonas aeruginosa colonisation No Yes
mMRC dyspnoea scale 0–2 3–4
FEV1 % predicted ⩾50% <50%
Age years <70 ⩾70
Lobes affected n 1–2 >2

E-FACED score#

At least one severe exacerbation requiring
hospitalisation in the previous year

No Yes

FACED risk: 0–2 points, mild; 3–4 points, moderate; 5–7 points, severe. E-FACED risk: 0–3 points,
mild; 4–6 points, moderate; 7–9 points, severe. #: for the E-FACED score, the exacerbation history
is added. mMRC: modified Medical Research Council.

Table 4. BACI score

Comorbidity Points

Metastatic malignancy 12
Haematological malignancy 6
COPD 5
Cognitive impairment 5
IBD 4
Liver disease 4
Connective tissue disease 3
Iron deficiency anaemia 3
Diabetes 3
Asthma 3
Pulmonary hypertension 3
Peripheral vascular disease 2
Ischaemic heart disease 2

BACI risk: >6 points, high-risk comorbidities; 1–6 points, intermediate-risk comorbidities;
0 points, no high-risk comorbidities.
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heterogeneity of the population [28]. It remains to be established whether treatment
targeting lung function can alter disease severity.

Age
While bronchiectasis is typically diagnosed in the fifth or sixth decade of life, the disease
may be prevalent in all age groups [29]. Older age was identified as an independent
predictor of mortality by both the BSI and FACED study groups [19, 20]. A recent
prospective analysis in 1258 patients found more comorbidity, worse quality of life (QoL)
and higher mortality in patients aged ⩾76 years. This elderly cohort harboured more
patients with COPD-related bronchiectasis and needed hospitalisation more frequently.
However, no differences were found with respect to markers of disease severity, such as
lung function, radiological extent and bacterial colonisation, when comparing the elderly
cohort with patients aged <76 years [30].

Exacerbations
Exacerbations are an important aspect of bronchiectatic disease and are often the primary
outcome in clinical trials. It is therefore not surprising that exacerbations are part of the
BSI and E-FACED scores [20, 21]. Most patients experience exacerbations. Data from the
US Bronchiectasis Research Registry demonstrated that 55% reported at least one
exacerbation during the first year of follow-up [31]. European data from the European
Multicentre Bronchiectasis Audit and Research Collaboration (EMBARC) showed that, in
the 9123 patients enrolled in August 2017, 42.3% experienced three or more exacerbations
per year [32]. When evaluating the characteristics of the frequent exacerbator phenotype,
frequent exacerbations were the best predictor for future exacerbations. Other predictors
were P. aeruginosa and Haemophilus influenzae infection, FEV1, radiological severity and
BCOS. These frequent exacerbators also had worse QoL and increased mortality [33].

Genetics

Air pollution

Reflux

QoL

Ethnicity

Nutrition

Inflammatory markers

Age
FEV1

mMRC dyspnoea scale
Colonisation

Radiological extent

Diabetes
Metastatic malignancy

Ischaemic heart disease
Peripheral vascular disease

Pulmonary hypertension
Iron deficiency anaemia

Liver disease
Cognitive impairment

COPD
IBD

Connective tissue disease
Haematological malignancy

Asthma

Hospitalisation history
E-FACED

Exacerbation history
BMI
BSI

FACED

Comorbidities

Aetiologies

BACI

Figure 1. Overview of the different factors associated with disease severity and their use in the indicated
severity scores. mMRC: modified Medical Research Council; QoL: quality of life.
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Hospital admission
Early data on hospital admissions in Hong Kong showed an admission rate of about 16.4
per 100000 population [34]. This trend was also seen in the USA, with an average annual
age-adjusted hospitalisation rate from 1993 to 2006 of 16.5 hospitalisations per 100,000
population. This rate increased significantly over the studied period, with an average annual
percentage increase of 2.4% among men and 3.0% among women [35]. Similar data from
Germany identified 9.4 hospitalisations per 100000 population, with hospitalisation rates
increasing significantly during the study period [36]. Both studies could link an increase in
hospitalisation with increasing age and with female sex. Factors associated with increased
risk of hospital admission are not only age but also the number of chronic comorbid
conditions, the number of previous hospitalisations, the use of proton pump inhibitors,
heart failure, and E-FACED and BSI scores. In contrast, pneumococcal vaccination showed
a protective effect [37].

Pathogens
In 2009, LOEBINGER et al. [38] suggested that the presence of P. aeruginosa was one of the
strongest predictors of mortality in their long-term follow-up study of 91 bronchiectasis
patients. This finding was confirmed in larger datasets by both the BSI and FACED study
groups, who found that the presence of P. aeruginosa was associated with a more than
2-fold chance of mortality [19, 20]. Multiple other studies have since found an association
between chronic infection with P. aeruginosa and unfavourable disease outcomes, such as
radiological progression, lung function impairment, exacerbations, hospitalisation and
decreased QoL [39–41]. The BSI group also found any chronic bacterial infection to be an
independent predictor of mortality. When looking at different organisms, they found the
highest mortality rates for patients chronically infected with P. aeruginosa or MRSA [19].
In contrast, an incidental finding of Staphylococcus aureus appeared not to be an
independent risk factor for severe disease in a recent analysis in 830 patients included in
the US Bronchiectasis Research Registry [42]. These findings may alert the clinician to
maintain a closer follow-up or to start more rigorous treatment in patients where chronic
bacterial infection, in particular with P. aeruginosa, is demonstrated.

Exercise capacity
In patients with bronchiectasis, exercise capacity has been shown to be significantly
reduced when compared with healthy volunteers, and correlates with other clinical
parameters of disease, such as lung function and Medical Research Council (MRC)
dyspnoea scores [43–46]. In a study by OZALP et al. [44], patients who had worse exercise
capacity as measured by 6-min walk distance (6MWD) also had reduced scores in the
psychological domain of the Leicester Cough Questionnaire (LCQ), indicating a higher
disease burden. Another study showed that the lower exercise capacity found in
bronchiectasis patients translates to fewer steps per day, indicating a less active lifestyle
compared with controls, which was confirmed by other studies [43, 46]. The degree of
dyspnoea using the MRC dyspnoea score has been identified as a strong predictor of
mortality in bronchiectasis [19, 20]. To what extent reduced exercise tolerance influences
prognosis in these patients remains to be established.

Nutritional status
Malnutrition, defined as low BMI (<18.5 or <20 kg·m−2), is common in bronchiectasis
patients and appears to be present in up to 30% of cases [19, 47, 48]. An Asian prospective
study in more than 300 patients demonstrated that underweight patients were at greater
risk of hospitalisation and exacerbations, and identified low BMI as an independent
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predictor of death [47]. This was in line with the findings of CHALMERS et al. [19], who
identified BMI as an independent predictor of mortality in 608 bronchiectasis patients
when deriving their clinical prediction tool, the BSI. As information on BMI is readily
available and may be improved by relatively inexpensive dietary interventions, body weight
appears an attractive target for future interventions in bronchiectasis. The only
interventional study to date shows an improved fat-free mass index, peripheral muscle
strength and QoL in patients receiving nutritional supplements in addition to pulmonary
rehabilitation [48]. The effect of nutritional interventions on other markers of disease
severity and mortality remains to be established.

Chronic obstructive pulmonary disease
Multiple studies have reported increased mortality in BCOS. BCOS patients had higher BSI
scores and P. aeruginosa chronic infection rates, increased respiratory infection and a
history of hospitalisation [49–51]. A recent meta-analysis confirmed these findings and
stated that, compared with COPD without bronchiectasis, BCOS showed an increased
exacerbation risk, higher rate of isolation of potentially pathogenic micro-organisms,
increased mortality and risk of severe airway obstruction [52]. BCOS will be discussed
further in another chapter in this Monograph [53].

Asthma
Asthma and bronchiectasis have been linked previously. In the early 1990s, IP et al. [54]
reported that 27% of their bronchiectasis population also had asthma. More recently, data
from the UK even reported a 42.5% asthma presence, although it needs to be emphasised
that this was a diagnostic code for asthma, rather than a robust asthma diagnosis [2]. A
study by COMAN et al. [55] suggested that, in patients with severe asthma, 47% had
bronchiectasis and that the bronchiectasis was associated with reflux, nonsteroidal
anti-inflammatory drug hypersensitivity, more frequent hospitalisations and a higher level
of blood eosinophils. Asthma was also associated with bronchiectasis exacerbations in a
study by MAO et al. [56]. Asthma bronchiectasis overlap will be discussed further elsewhere
in this Monograph [53].

Aetiology
Both the BSI and FACED study groups investigated aetiology as a variable for disease
severity, but aetiology did not seem to reach significance for inclusion [19, 20]. In a cluster
analysis by ALIBERTI et al. [57], only a higher occurrence of post-infective bronchiectasis in
the “Pseudomonas” cluster and a lower rate of COPD in the “dry bronchiectasis” cluster
were detected, but no direct impact on disease severity was found. The BACI score,
however, used comorbidities of which some might be considered an aetiology [22]. More
precisely, haematological malignancy, IBD, connective tissue disease, asthma and COPD
were linked with more severe disease [22]. Of these, asthma and COPD will be discussed
separately in this Monograph [53]. Finally, research by DE SOYZA et al. [58] indicated that
bronchiectasis–rheumatoid arthritis overlap syndrome (BROS) was significantly linked with
mortality and these patients also had statistically (but not clinically) significantly higher BSI
scores compared with idiopathic bronchiectasis. Similar findings were seen for BCOS [58].

Ethnicity
A higher prevalence of bronchiectasis has been reported in several populations and has
been attributed to a higher rate of respiratory tract infections during childhood as a result
of environmental tobacco or wood-fire exposure, overcrowding of the home and a worse
socioeconomic status. In Alaska Native children in the Yukon–Kuskokwim Delta, the
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prevalence of bronchiectasis has not decreased in those born during the 1980s compared
with those born in the 1940s, and Canadian Inuit children have markedly elevated rates of
lower respiratory infections [59, 60]. Similar ethnic disparities were seen in New Zealand,
where the incidence was highest in Pacific children and Maori children compared with
New Zealand European children [61]. In terms of severity in adults, patients of Maori and
Pacific ethnicity were not only over-represented but also had more severe bronchiectasis
independent of socioeconomic status and had more hospital admissions [62, 63]. Ethnic
data from the EMBARC database have not yet been published, but US data were released
more recently. Although European–American patients are predominant in the
bronchiectatic population, older data showed that there is an ethnic difference in aetiology
[64]. Rheumatoid arthritis is more prevalent in African–American patients as opposed to a
European–American predominance of haematological malignancy. A higher percentage of
Hispanic–American bronchiectasis patients had P. aeruginosa in their sputum, influencing
severity [65]. Further research is needed to unravel the impact of ethnicity and its genetic
background on disease severity.

Reflux
Reflux is a frequent comorbid condition in bronchiectasis patients and has been shown to
correlate with exacerbation frequency [66]. The presence of a hiatal hernia was also
associated with cystic bronchiectasis, an increased number of lobes involved, an increased
extent of bronchiectasis, reduced FEV1, and increased BSI and FACED scores [67]. It
remains to be established how reflux impacts on disease severity, and more research is
needed to show whether reflux treatment can alter disease severity.

Air pollution exposure
Both acute and chronic air pollution exposure have been linked with exacerbations in
patients with CF bronchiectatic disease. We know that acute fluctuations play a role in
triggering an exacerbation and that average annual air pollution exposure is associated with
an increased risk of pulmonary exacerbation and lung function decline [68–71]. For
patients with bronchiectasis not linked to CF, data are scant. Data have shown that
residential proximity to a major road and distance-weighted traffic density within 100 and
200 m were associated with the risk of mortality [72]. In addition, an increase in hospital
admissions for exacerbation of bronchiectasis was seen with increases in the atmospheric
concentration of sulfur dioxide and with decreases in temperature [73]. Air pollution seems
to have an effect on disease severity, but further research is needed to elucidate the
pathophysiological mechanisms underlying this result. It also remains to be established
whether macrolides render a similar protection against the influence of particulate matter
as they do in lung transplant patients for the development of lymphocytic bronchiolitis or
rejection [74].

Inflammatory markers
The “vicious circle” hypothesis, proposed by COLE [75] and still generally accepted, states
that airway inflammation plays a central role in bronchiectasis. Recent studies have revealed
that markers of systemic inflammation also play a pivotal role in bronchiectasis. Higher
serum levels of C-reactive protein and fibrinogen, for example, were found in
bronchiectasis patients with more severe disease in terms of lung function or severity scores
[76–78]. In addition, exacerbations of bronchiectasis were found to be accompanied by
increased systemic inflammation [79]. Despite these associations, levels of systemic
inflammation are overall relatively low, and the correlation with clinical parameters is
moderate at best. In contrast, sputum inflammatory markers are believed to give a more
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accurate impression of the augmented inflammatory process underlying bronchiectasis.
Even in a clinically stable situation, increased levels of neutrophils, neutrophilic
chemo-attractants and other pro-inflammatory products are present in the airways of
patients with bronchiectasis [80, 81]. The relationship between systemic inflammation and
disease severity has been explored most extensively for neutrophil elastase, a
pro-inflammatory compound secreted by airway neutrophils. In agreement with earlier
studies, CHALMERS et al. [82] recently convincingly demonstrated that elevated sputum
neutrophil elastase activity was able to predict disease severity in terms of BSI scores,
exacerbation frequency and FEV1 decline. However, no independent relationship with
mortality was identified. Other biomarkers identified in bronchiectasis include sputum
matrix metalloproteinase (MMP)-8 and MMP-9, which were found to correlate with lung
function parameters among other determinants of disease severity in smaller studies with a
1-year follow-up [83, 84]. Studies of other inflammatory markers, such as CXCL-8, TNF-α,
IL-6 and IL-1β, are mostly small in number and yield conflicting results [81].

Quality of life
Health-related QoL (HRQoL) is among the key end-points that have been used to measure
severity in bronchiectasis. A range of tools have been used to assess HRQoL in
bronchiectasis. These include generic tools such as the Medical Outcomes Study 36-Short
Form Health Survey (SF-36), organ-specific tools such as the St George’s Respiratory
Questionnaire (SGRQ) and LCQ, and the disease-specific Quality of Life
Questionnaire-Bronchiectasis (QOL-B). A large meta-analysis of the associations between
HRQoL and clinical measures revealed that most HRQoL measures showed the strongest
correlation with subjectively reported symptoms: dyspnoea and fatigue [85]. Correlation
with objective measures was moderate at best for exercise capacity, and lung function,
radiological extent and exacerbation rate showed only weak correlations [85]. This has been
contradicted by other studies showing good correlations between SGRQ scores and FEV1,
and among LCQ scores, bacterial colonisation and radiological extent [86]. The only study
including QoL measures in their investigation into factors associated with mortality in
bronchiectasis identified the SGRQ activity domain as an independent measurement of
survival [38]. Recently, SPINOU et al. [87] validated their BHQ, a brief, self-completed health
questionnaire for QoL measurement in patients with bronchiectasis. Data on validation in
external cohorts and its use in clinical practice are expected.

Genetics
In CF, the identification of specific immune defects has already led to the availability of
mutation-specific treatment modalities. In bronchiectasis, however, pharmacogenetics is still
in its early stages and no treatment modalities directed at disease-modifying mutations are
available to date. Small studies in bronchiectasis patients have so far identified genetic
immune defects in genes encoding molecules that are probably involved in the pathogenesis
of bronchiectasis, such as mannose-binding lectin and the related molecule ficolin-2, and
MMP-1. Deficiency of either of these molecules has been linked to a worse disease
outcome and severity [86]. In addition, studies have shown the presence of one CFTR gene
mutation in far more patients with idiopathic bronchiectasis than would be expected based
on the frequency of carriers in the general population [88, 89]. One study in 122 patients
with diffuse idiopathic bronchiectasis identified 18 heterozygotes for a CFTR mutation, its
presence correlating with more severe disease in terms of bacterial colonisation [88]. Larger
studies are required to establish the relationship between genetic defects and disease
severity, treatment response and prognosis in bronchiectasis.
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Can cluster analysis define severe bronchiectasis?

One technique used to identify biological and clinical subgroups or phenotypes is the
cluster analysis technique. Recognising such phenotypes is the first step towards a more
individualised treatment approach. ALIBERTI et al. [57] identified four distinct clusters.
Cluster 1 represented patients with the most severe disease and was characterised by a
chronic P. aeruginosa infection. These patients had the worst functional status, QoL and
radiological damage with the highest levels of inflammation and exacerbations.
Subsequently, two intermediate clusters were identified in terms of inflammation,
hospitalisation and functional status. Cluster 2 was characterised by a chronic infection
other than P. aeruginosa, and cluster 3 comprised patients without chronic infection,
although all had daily sputum. Cluster 4 patients showed the mildest disease with low
severity and were characterised by an absence of infection or sputum symptoms. These
patients were termed “dry bronchiectasis” patients. Further impact analyses are needed to
evaluate whether identification of patients into clusters will have an impact on both clinical
practice and clinical trials.

How is disease severity associated with mortality?

The first data on mortality in bronchiectasis focused mainly on variables that influenced or
correlated with increased mortality. ONEN et al. [90] showed in their Turkish cohort that in
slightly more than 4 years almost 16.3% died, and that age, BMI, dyspnoea scale,
vaccination, radiographic extent, hypoxaemia, hypercapnia and functional parameters
correlated with increased likelihood of death. Later, a larger cohort from the UK was
evaluated by LOEBINGER et al. [38]. During their 13-year follow-up, almost 30% of patients
died, and they showed that total lung capacity, P. aeruginosa infection, SGRQ score,
residual volume/total lung capacity and diffusion capacity were correlated with an increased
risk of dying. Other research studies have also shown a link between mortality and
P. aeruginosa, frequent exacerbations, BCOS and BROS [33, 39, 50, 58]. More recently, data
were published that compared the mortality of bronchiectasis patients with the general
population in the UK. QUINT et al. [2] established a markedly increased mortality in
bronchiectasis: for women, the age-adjusted mortality rate was 1437.7 per 100000
population, while this was 635.9 per 100000 for the general population; in men, the rate
was 1914.6 per 100000 in the bronchiectasis population and 895.2 per 100000 in the
general population.

Differences among clinical severity scores for bronchiectasis

As described in a previous chapter in this Monograph [91], different clinical prediction
tools are currently available for classification of disease severity in bronchiectasis: the BSI,
the FACED score (and its derivative, the E-FACED score) and the BACI [19–22].

The derivation and validation study for the FACED score was published online by
MARTINEZ-GARCIA et al. [20] in 2013. This Spanish group used a historical cohort of 819
bronchiectasis patients divided randomly into a construction (n=397) and a validation
(n=422) cohort. Logistic regression analysis yielded five dichotomised variables with the
capacity of significantly predicting 5-year mortality. Points were allocated to each variable,
corresponding to the effect size of the specific variable in multivariate analysis. All variable
scores added up to a total score of 7 points. The FACED scored performed well in both
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construction (area under the curve (AUC) 0.87) and validation (AUC 0.83) cohorts with
respect to predicting 5-year all-cause mortality (any AUC >0.80 represents excellent
predictive power). In addition, FACED scores effectively distinguished patient groups with
mild (0–2 points), moderate (3–4 points) and severe (5–7 points) bronchiectasis with
matching survival curves.

Four years later, in 2017, a modified version of the FACED score, the E-FACED score, was
proposed by the FACED study group in an attempt to improve its prognostic strength for
predicting exacerbations and hospitalisations. In the same year, ROSALES-MAYOR et al. [92]
had already shown that modification of the FACED score by adding the item of
“exacerbations” added predictive power. However, this E-FACED score was not additionally
validated [21, 92]. MARTINEZ-GARCIA et al. [21] used the original FACED cohort of 819
patients to construct a new prediction score, the E-FACED score, and performed external
validation on a separate validation cohort of 622 patients. The presence of at least one
severe exacerbation (requiring hospitalisation) in the previous year added significantly to
the predictive power of the original FACED score for predicting future exacerbations and
was assigned an additional 2 points on top of the 7-point maximum.

Almost simultaneously with the publication of the FACED score, the European
bronchiectasis network described the BSI, a clinical prediction tool for hospital admissions
and mortality in bronchiectasis [19]. This study used data from a previously conducted
prospective cohort study (n=608) to generate a validation cohort and used four
independent validation cohorts (total n=702) for external validation. In a similar way, the
authors discriminated nine variables, either dichotomised or categorised in three to four
categories, independently predicting both mortality and hospitalisation for bronchiectasis
patients. In both the derivation and validation cohorts, the BSI provided excellent statistical
power (AUC >0.8) with respect to predicting mortality and hospital admissions. When
classified according to the BSI as mild (0–4 points), moderate (5–8 points) and severe (>8
points) bronchiectasis, significantly different outcomes for mortality and hospitalisation
were seen among all three groups.

The BACI score was added to the armamentarium in 2016 in an effort to quantify the
contribution of comorbidities and aetiology to mortality and disease severity in
bronchiectasis patients [22]. Prospectively filled databases with patient data from four
countries (n=986) were used to derivate an index consisting of 13 comorbidities and
aetiologies, which was subsequently tested in two independent validation cohorts (n=201).
The BACI score was found to adequately predict mortality in all patient cohorts and across
different tertiles of patients with high-risk (>6 points), intermediate-risk (1–6 points) or no
high-risk (0 points) comorbidities.

Strengths and weaknesses of clinical prediction scores

Table 5 gives an overview of the strengths and weaknesses of BSI and FACED scores.

Population
All of the previously described prediction tools share the strong point of having been
derived and validated in large, international patient cohorts, using broad inclusion criteria,
making all tools applicable to a wide range of patients. In addition, all scores have been
validated in external patient cohorts, either at the time of derivation (BSI, E-FACED and
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BACI) or sequentially in separate studies (FACED) [93, 94, 96]. Of note, however, is the
fact that neither of the cohorts included patients from Asia or the USA, which may reduce
applicability in these patient groups.

With respect to exclusion criteria, there are some differences among the scores. The
FACED and E-FACED study group authors only excluded patients without available
follow-up data or with a diagnosis of CF [20, 21]. CHALMERS et al. [19], however, decided to
exclude patients with active malignancy, active NTM disease, and traction bronchiectasis
due to fibrosis or sarcoidosis, besides those with CF. In addition, patients on long-term
antibiotic treatment, either oral or inhaled, were excluded from the derivation cohort, but
in the validation cohorts about 40% of patients received long-term antibiotics. The BACI,
in turn, used somewhat less strict criteria, only excluding those with CF and traction
bronchiectasis. One could argue that the stricter criteria from the BSI may prevent the
general applicability of this particular score in the unselected population. However, when
tested in external cohorts using less strict exclusion criteria, the BSI showed adequate
predictive power [92–94].

Outcome measures
While FACED was developed to predict mortality, the BSI was developed to predict
exacerbations, hospitalisations and QoL, besides mortality [94]. E-FACED, in turn, was
constructed as an attempt to expand the statistical power of FACED towards the
prediction of exacerbations and hospitalisation [21]. Finally, the BACI authors aimed to
predict mortality and disease severity (hospitalisation, exacerbations and QoL as
measured with the SGRQ).

Table 5. Overview of specifics, including strengths and weaknesses, of the BSI and FACED
according to comparative studies

FACED BSI

Feasibility + ±
Acronym; fewer items,

smaller scales
Nine items, more extensive scale
per item; online tool available

Performance
Mortality + +
Long term (⩾ 15 years) + ±
Hospitalisation ± +
Exacerbation ± +
Clinical parameters − +
Calibration# ± +

Population Wider inclusion criteria Stricter inclusion criteria in
derivation cohort

Outcome measures Mortality Mortality, hospitalisation,
exacerbations, quality of life

Agreement Higher percentage of patients
classified as low risk

Higher percentage of patients
classified as high risk

+: found to perform adequately on this item according to comparative studies; ±: inferior
performance compared with the other scoring measures; −: found to perform insufficiently on
this item according to comparative studies. #: equal performance across different cohorts. Data
from [37, 92–95].
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Since overall mortality in bronchiectasis is relatively low, it may not be the main driver of
clinical decision making in clinical practice, which makes it hard to capture an end-point
for clinical trials. Bronchiectasis treatment according to international guidelines is directed
mainly towards prevention of exacerbations and progressive disease (e.g. lung function
decline) and towards improvement of QoL by diminishing chronic symptoms [97–99].

Clinical scores that incorporate severity findings other than mortality might therefore prove
useful in day-to-day clinical decision making, for instance, whether to start or withhold a
certain treatment modality. In other circumstances, a score that performs best in predicting
mortality may help clinicians to support life-changing decision making, such as a decision
towards lung transplantation or the commencement of solely palliative care.

Feasibility
The extent to which a tool is feasible, and therefore easy to use, determines its successful use
in clinical practice. FACED and E-FACED scores have the advantage of being set up as an
acronym, which allows physicians to easily memorise the different items of the score,
although the cut-off values and point allocations for each item require some additional
memorisation. The BSI and BACI scores both consist of more individual items with, in the
case of the BSI, up to four options per item. This prevents these scores from being easily
memorised; however, the authors have constructed a convenient online tool (www.
bronchiectasisseverity.com), which is helpful when applying the BSI, BACI or both together.

Because of the considerable overlap of the BSI and (E-)FACED items (table 6), possible
additional inconvenience with respect to the contents of the score may only be driven by
the items on exacerbations and hospitalisation, neither of which is present in FACED, as
opposed to BSI.

Assembling the BACI items for an individual patient requires careful chart review and
patient interviews in order to collect all previous and current comorbidities.

Performance
Since the publication of the BSI and FACED scoring systems, the predictive ability of these
two tools has been evaluated in five separate studies [37, 92–95]. Data about the
performance of the BACI and E-FACED have been derived from the validation studies by
MCDONNELL et al. [22] and MARTINEZ-GARCIA et al. [21], respectively.

Table 6. Overview of items present in the different bronchiectasis severity scores

Criterion BSI FACED E-FACED

Age years ✓ ✓ ✓
BMI kg·m−² ✓
FEV1 % predicted ✓ ✓ ✓
Colonisation ✓ ✓# ✓#

MRC dyspnoea ✓ ✓ ✓
Radiological extent ✓ ✓ ✓
Exacerbations in the past year ✓ ✓¶

Hospitalisation in the past 2 years ✓

MRC: Medical Research Council. #: only colonisation with Pseudomonas aeruginosa; ¶: severe
exacerbation requiring hospitalisation.
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In 2015, a Macedonian research group published the first study comparing BSI and FACED
scores in a small cohort (n=37) of bronchiectasis patients [95]. Subsequently, MCDONNELL

et al. [94] performed the largest comparative study to date, using prospectively collected
data from seven European cohorts (n=1612) in order to evaluate the predictive ability of
the BSI and FACED in assessing 5-year mortality, exacerbations, hospitalisation and other
end-points that they described as clinically relevant. Another comparative study was
published in the same year by researchers from the Brompton Hospital in London [93].
Although their sample size was small (n=74) and the data were collected retrospectively, the
great advantage of their study was the long follow-up period, which enabled them to
investigate the capacity of the BSI and FACED to predict mortality over almost 20 years.
Finally, two Spanish studies prospectively compared the BSI and FACED. The first included
the two scoring systems in their assessment of risk factors for hospitalisations [37], while
the second investigated the performance of the BSI and FACED with respect to predicting
exacerbations and hospitalisation [92]. Both studies had a 1-year follow-up and included
319 and 182 patients, respectively. Only one of these studies included the E-FACED score
in their analysis [92]. Table 7 shows the AUC values of the BSI, FACED and E-FACED
scores for predicting mortality, exacerbations and hospitalisation.

Predicting mortality
Comparing AUC curves for mortality, values for both the BSI and FACED scores in most
studies were >0.7, suggesting that both scores are valid with respect to predicting 5-year
mortality (table 7). However, the only study that included long-term mortality, the
retrospective trial by ELLIS et al. [93], found a greater predictive power for FACED for
predicting longer-term mortality. MCDONNELL et al. [94] calculated specificity and
sensitivity for both scores, and identified FACED as highly specific (93%) with low
sensitivity (28%). The BSI, in contrast, showed lower specificity (70%) but higher sensitivity
(65%) for predicting 5-year mortality across their large cohorts. However, ELLIS et al. [93]
found relatively high specificity for both the BSI and FACED (92% and 84%, respectively),
with lower sensitivity (38 and 71%, respectively).

In the validation study of MCDONNELL et al. [22], BACI scores showed excellent predictive
capacity for 2-, 3- and 5-year mortality (AUC values of 0.75, 0.76 and 0.79, respectively),
which was superior to both BSI and FACED scores. When combining BSI and BACI
scores, predictive capacity was superior to either scoring system alone. E-FACED showed
similar predictive power compared with FACED in predicting 5-year mortality, with an
AUC value of 0.87.

Predicting hospitalisation
Two studies compared the predictive capacity of the BSI and FACED for predicting
hospitalisation for an exacerbation of bronchiectasis [92, 94]. When comparing AUC values
for hospitalisation, the BSI had superior AUC values compared with FACED (table 7). One
of the studies also included their E-FACED score into the analysis and found an AUC
value similar to that of FACED but significantly lower than that for the BSI [92].

Predicting exacerbations
Both studies that compared the predictive capacity for exacerbations found higher predictive
power for the BSI compared with FACED. In the study by ROSALES-MAYOR et al. [92], AUC
values for exacerbations were both >0.7, but AUC values for the BSI were significantly better
than those for FACED. However, when including exacerbation rate as an extra item in
FACED (E-FACED), the predictive power for exacerbations appeared similar to that of the BSI.
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Table 7. Area under the curve values of the BSI, FACED and E-FACED scores for predicting mortality, exacerbations and hospitalisation

First author [ref.] Subjects n Score 5-year mortality (95% CI) Exacerbations (95% CI) Hospitalisation (95% CI)

MCDONNELL [94] 1612 BSI 0.73 (0.65–0.81)–0.93 (0.87–0.98) 0.71(0.63–0.78)–0.97 (0.93–1.00)#

FACED 0.68 (0.52–0.84)–0.87 (0.80–0.94) 0.56 (0.46–0.66)–0.79 (0.73–0.86)

ELLIS [93] 74 BSI 0.79 (0.64–0.94) (15 years: 0.69)
FACED 0.80 (0.65–0.95) (15 years: 0.82#)

MARTINEZ-GARCIA [96] 651 FACED 0.84 (0.80–0.88) 0.72 (0.68–0.78) 0.82 (0.78–0.87)
E-FACED 0.87 (0.83–0.91) 0.82 (0.78–0.87)# 0.89 (0.85–0.92)#

MENENDEZ [37] 319 BSI 0.79 (0.74–0.85)
FACED 0.81 (0.76–0.87)

ROSALES-MAYOR [92] 182 BSI 0.81 (0.73–0.88)# 0.89 (0.85–0.94)#

FACED 0.73 (0.65–0.82) 0.81 (0.74–0.86)
E-FACED 0.76 (not given)# 0.82 (not given)

A value of >0.7 is generally considered as good predictive capacity. #: p<0.05 compared with the other scoring systems.
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MCDONNELL et al. [94] grouped patients with mild, moderate or severe disease according to
the different scoring systems and found that FACED was worse than the BSI at identifying
those at risk for future exacerbations. The majority of patients classified as “severe” by FACED
did not have significantly more yearly exacerbations compared with other severity groups.

Other disease outcomes
MCDONNELL et al. [94] performed an additional analysis for QoL and symptoms in a
subgroup (n=744) of patients. When grouping patients according to disease severity by BSI
score, both functional test results and questionnaire scores were significantly better (i.e.
slightly less lung function decline, higher 6MWD and more favourable scores using the
SGRQ, QoL-B and LCQ) in patients classified as having mild bronchiectasis compared with
those with moderate disease. In addition, patients classified as having severe disease by BSI
score did worse in all disease outcomes compared with patients with mild or moderate
disease. In this study, the FACED score did not pass validity for LCQ, 6MWD, most
QOL-B domains and FEV1 with respect to categorising different disease severities.

Agreement between scores
When comparing BSI and FACED scores in a group of patients, the BSI was consistently
found to assign higher scores (indicating more severe disease) to individual patients compared
with FACED. This difference was most distinct in the large study of MCDONNELL et al. [94]
where only one out of five patients with severe disease according to the BSI (21–64%) received
the same classification by FACED (4–13%). In contrast, FACED identified more than half of
patients as having low-risk disease compared with 17–39% using the BSI. ROSALES-MAYOR et al.
[92] showed the same tendency to higher severity scores with the BSI: only 13% of 99 patients
classified as having severe disease by the BSI were classified likewise by FACED. This poor
agreement appears to be accounted for by the relatively large part of the BSI total score that is
delivered by exacerbations, hospitalisations and P. aeruginosa colonisation.

Future directions

Publication of the currently available clinical prediction models provides an important step
forward in our understanding of this multifactorial and heterogeneous disease. Various
aspects need further clarification, such as: which score to apply under which circumstances;
what the advantage of combining different scores may be; how often severity scoring
should be repeated; and whether a change in score over time, perhaps driven only by aging,
reflects a true change of prognosis. More importantly, the most urgent question remains:
whether incorporating clinical scoring systems into standard bronchiectasis care will truly
improve patient outcomes. Two factors will probably contribute to further insight in this
area. More and longer-term data will become available, such as through the EMBARC
initiative to test the value of severity assessment by testing it against real-world data, and an
increasing number of clinical trials will either include patients based on their severity scores
or will stratify for disease severity when testing new treatment modalities. This will allow
clinicians to make evidence-based choices when starting or withholding specific treatment
for bronchiectasis patients in everyday practice.
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| Chapter 6

The bronchiectasis microbiome
Geraint B. Rogers1,2

Non-CF bronchiectasis is characterised by dysregulated immunity and impaired airway
clearance. Mucus accumulation results in an increased susceptibility to persistent lung
infections by pathogens such as Haemophilus influenzae, Pseudomonas aeruginosa and
Aspergillus fumigatus. The presence of these microbes within the lower airways contributes to
a “vicious circle” of impaired mucociliary function, bronchial inflammation and progressive
lung injury. The importance of pathogen detection as a guide to antimicrobial therapy has
led to the use of narrowly focused diagnostic practices. However, extended culture
techniques and DNA sequencing technologies have revealed a more diverse airway
microbiota, including an abundance of species that are refractory to common diagnostic
protocols. Interactions that occur between these microbial species can profoundly affect the
expression of pathogenicity and virulence by important airway pathogens, such as
P. aeruginosa. This chapter sets out current hypotheses regarding the contribution of the
respiratory microbiome to non-CF bronchiectasis, and discusses how the insight gained
using emerging analytical technologies can inform clinical care.
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The bronchiectasis microbiome reflects disease characteristics, predicts treatment
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Airway microbiology is central to the progression of bronchiectasis. Impaired clearance
of airway secretions provides an opportunity for microbial colonisation, which is

commonly exploited by potentially pathogenic micro-organisms [1]. These bacteria and
fungi can cause serious lung infections and often produce inflammatory mediators that
contribute to tissue damage and bronchial obstruction. The relationship between chronic
infection, bronchial inflammation and airway damage has been described as a “vicious
circle” that perpetuates progressive lung injury [2]. Detection of infective micro-organisms
and the deployment of effective antimicrobial therapy are central to breaking this cycle and
slowing the progression of disease.

The conventional view of lower airway microbiology in bronchiectasis has been of discrete
microbial populations, each with its own specific pathogenic characteristics and treatment
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susceptibilities. However, it has been demonstrated more recently that the bronchiectatic
airways can become colonised by complex microbial communities with characteristics that
are different to those of their member species in isolation. This airway microbiota can
include many species that are typically resident in the oropharynx of healthy individuals, but
which are capable of colonising the accumulated airway secretions within the lungs. The
extent to which such a microbiota might contribute to lower airway pathogenesis is poorly
understood. However, research in other chronic lung disease contexts suggests that the wider
airway microbiology can have a profound influence on the behaviour of recognised airway
pathogens [3, 4]. Technological advances, particularly in DNA sequencing, now allow the
comprehensive microbial characterisation of respiratory samples. These approaches, often
based on the direct amplification and interrogation of regions of conserved microbial genes,
enable not only the detection of individual species but also the determination of their relative
abundance within microbial communities. Application of such techniques to bronchiectasis
airway samples has provided an opportunity to better understand the progression of disease
and a basis for the development of novel treatment strategies.

Airway microbiology as a guide for clinical care

The contribution of lower airway microbiology to bronchiectasis, and the benefits that can
be provided by targeted antibiotic therapy, have long been recognised [5–7]. Antibiotic
selection is based typically on the detection of potential pathogens by culture. Diagnostic
protocols focus on the isolation of a defined group of species that are considered to be
clinically relevant and which can be isolated from a majority of bronchiectasis patients [8,
9]. While Haemophilus influenzae and Pseudomonas aeruginosa are particularly common,
and the most likely species to establish long-term colonisation [10], the isolation of
Streptococcus pneumoniae, Moraxella catarrhalis, Staphylococcus aureus, Burkholderia spp.
and NTM is also widespread [11]. Detection of any of these species is grounds for the
consideration of antibiotic treatment [12].

Focusing on the detection of a small group of recognised airway pathogens has limitations.
Such an approach is based on an a priori decision regarding which micro-organisms might
be clinically relevant, and employs selective culture conditions that preclude the isolation of
many other species. For example, diagnostic protocols for the routine analysis of
bronchiectasis respiratory samples are not designed to support the growth of anaerobic
bacteria. This deliberate exclusion of anaerobes relates to their abundance within the
oropharynx and therefore their ability to readily contaminate expectorated samples. Where
oropharyngeal taxa are detected by culture, they are typically dismissed as “oral flora” in
diagnostic reports. However, where anaerobic culture has been performed on respiratory
samples from CF and non-CF bronchiectasis patients, it has revealed an abundance of
anaerobic species, including members of the genera Prevotella, Veillonella,
Propionibacterium and Actinomyces, in a majority of patients [13–15]. Notably, levels of
anaerobic bacteria in lower respiratory samples from CF patients are typically greater than
might be explained by upper respiratory contamination [13, 16].

Despite their apparent ability to colonise the bronchiectatic airways, the majority of
oropharyngeal species are not associated directly with airway pathogenesis. However,
dismissing this wider microbiology as clinically irrelevant might be a mistake. A series of
studies focusing on the influence of oropharyngeal species on P. aeruginosa virulence has
highlighted their potential contribution to airways disease. DUAN et al. [17], for example,
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used a rat infection model to demonstrate that some oropharyngeal taxa can substantially
enhance the lung damage caused by P. aeruginosa. This work was later extended to show
that a substantial proportion of common oropharyngeal species could significantly increase
the pathogenicity of P. aeruginosa, despite being avirulent or beneficial when present in
isolation [3]. Anaerobic bacteria also appear to contribute to the ability of airway pathogens
to colonise the lungs. For example, P. aeruginosa is able to produce pyocyanin, a toxic
phenazine compound that can act as an alternative electron acceptor and facilitate growth
under the low-oxygen conditions within mucus plugs [4]. Using an in vitro model,
VENKATARAMAN et al. [4] showed that common fermentation products from co-habitant
anaerobic bacteria significantly upregulate quorum sensing by P. aeruginosa, resulting in
increased pyocyanin production, exotoxin release and biofilm formation (figure 1). While a
causal contribution to airway damage is yet to be demonstrated for the majority of
anaerobic species detectable in lower airway samples, such studies highlight the potential
for nonpathogenic species to influence disease, and suggest that a view of bronchiectasis
microbiology based on narrowly focused protocols warrants reconsideration.

Culture-independent analysis of airway microbiota

A growing awareness that airway microbiology, beyond that captured by culture-based
diagnostic approaches, might be of clinical relevance has led to an increasing interest in
emerging molecular microbiological techniques. In environmental systems, where
microbiota can be highly complex and often include a substantial proportion of
culture-refractory species, the limitations of culture have long been recognised. During the
1990s, these challenges led to the development of culture-independent approaches that were
based on the amplification by PCR of bacterial DNA extracted directly from samples. Such
approaches focused typically on the bacterial 16S ribosomal RNA (rRNA) gene, which
contains both highly conserved regions that allow the use of universal PCR primers, and
hypervariable regions that allow the differentiation of amplicons from the bacterial species
present. Following amplification, bacterial community structure could then be inferred
using techniques such as terminal restriction fragment length polymorphism analysis,
denaturing gradient gel electrophoresis, clone sequencing and, more recently, 16S rRNA
gene amplicon sequencing [18].

Application of these emerging approaches to airway samples from patients with chronic
lung diseases has both supported and extended the findings of anaerobic culture studies,
with genera such as Prevotella, Veillonella, Streptococcus and Gemella consistently shown to
be common and abundant in the CF lower airways [19–26]. Analysis of lung tissue
obtained surgically further demonstrated that the detection of these bacteria was not simply
the result of sample contamination by upper airway populations [27].

Upregulation of
quorum sensingMetabolite production

e.g. 2,3-butanediol

Commensal
anaerobes Pseudomonas aeruginosa

Biofilm formation

Exotoxin

Pyocyanin

Figure 1. Potential modulation of pseudomonal virulence through metabolic interaction with nonpathogenic
bacterial populations.
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While the analysis of other chronic respiratory diseases has lagged behind that of CF,
consistent findings have now been reported in COPD [28–30], PCD [31] and, more
recently, bronchiectasis [32]. For example, analysis of sputum and BAL samples from
subjects in the Bronchiectasis and low-dose erythromycin study (BLESS) clinical trial [33]
(an RCT to assess the use of low-dose erythromycin to reduce exacerbation rates in patients
with non-CF bronchiectasis), revealed a core airway microbiota (species that are both
common across patients and typically abundant) that included both the recognised airway
pathogens P. aeruginosa, H. influenzae and S. pneumoniae, and members of the genera
Veillonella, Prevotella and Neisseria [32].

Judging the clinical significance of each of these bacterial taxa in isolation would overlook
their potential to influence one another’s virulence and pathogenicity. In nonrespiratory
contexts, microbes exist almost invariably as complex interacting communities. The
potential for interspecies communication, metabolic relationships, growth environment
manipulation and the production of antimicrobial compounds to shape microbiota
characteristics is well recognised [34]. By contributing to airway colonisation by respiratory
pathogens, and by the expression of virulence and pathogenicity traits, analogous interactions
in the bronchiectasis lung could contribute substantially to airways disease (figure 2).

Establishment and development of the bronchiectasis microbiome

Microbes are consistently reported in the healthy lower airways using culture-independent
techniques [29, 35, 36]. These microbes are present typically in low numbers, and the types
and relative abundance of the detected species closely resemble those resident in the upper
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airway microbiome

Microbiome
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Airway environment
Air trapping, altered mucin production, 
altered pH, oxygen radicals, hypoxic 
airway secretions, nitric oxide, 
proteases, DNA accumulation

Metabolic interactions
Cross-feeding, nutrient competition, 
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Damaging metabolites
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Antibiotic resistance
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antibiotic efficacy, rapid acquisition of 
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Pathogenicity traits
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Horizontal exchange of resistance 
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Interspecies communication, regulation 
of growth and virulence traits, potential 
mediator of macrolide benefit

Treatment history
Exposure to antibiotics,
corticosteroids, mucoactive drugs

Environmental insults
Smoke inhalation (cigarette, solid 
fuel), pollution
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CFTR, ciliary dysfunction, HLA class II, 
FUT2

Autoimmune conditions
Rheumatoid arthritis, ulcerative colitis, 
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Microbial exposure
Climate, agricultural practices, water
management

Figure 2. Potential influences on bronchiectasis microbiome characteristics and mediatory pathways of
airway damage. HLA: human leukocyte antigen; FUT2: fucosyltransferase 2; HTLV-1: human T-lymphotropic
virus 1; SLE: systemic lupus erythematosus.
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airways [37]. The detection of these microbes in the lungs of healthy individuals probably
reflects microbial translocation through microaspiration. However, effective microbial
clearance through mucociliary and alveolar macrophage action prevents substantial
colonisation and proliferation within the lungs [37]. In contrast, the accumulation of mucus
in the bronchiectatic airways provides an opportunity for persistent lung colonisation.
Some bacterial and fungal species that enter the lungs from the upper airways are able to
establish resident populations, leading to changes in the airway environment, including
increased inflammation, altered lung architecture and an increasing antimicrobial burden.
Together, these factors are likely to further shape the lung microbiota [38]. In this way,
airways disease progression and microbiota development are likely to go hand in hand,
with airway obstruction and antibiotic exposure selecting for characteristic microbiota, and
microbe–microbe and host–microbe interactions further contributing to disease and
microbial succession.

The transition between a normal lung environment and one with an established and
complex microbiota is well described in other chronic lung diseases. In CF, for example,
early-life airway microbiology [39, 40] becomes progressively less diverse during
adolescence and adulthood, in parallel with increasing inflammation, antibiotic exposure
and the predominance of pathogens such as H. influenzae, S. aureus and P. aeruginosa
[41–48]. During end-stage CF lung disease, microbiota diversity all but collapses, with the
complete dominance of species such as P. aeruginosa, Achromobacter xylosoxidans or
Burkholderia cenocepacia [49, 50]. Currently, few analogous data are available regarding the
long-term dynamics of airway microbiota in bronchiectasis. However, a cross-sectional
analysis of BLESS trial participants showed microbiota diversity to be positively correlated
with lung function [32], a relationship that is likely to reflect the combined influence of
airway inflammation, structural changes and antibiotic exposure [38]. Furthermore, a
comparison of respiratory microbiota in children with different chronic lung infections (CF,
protracted bacterial bronchitis and bronchiectasis) revealed a highly similar core
microbiota, typified by species also detectable in healthy children, which differs from that
seen in adult CF or bronchiectasis [51]. Such data support the establishment of an early
bronchiectasis microbiota through aspiration of oropharyngeal microbes, with a gradual
divergence in composition due to disease-specific airway characteristics and therapies [51].

Bronchiectasis microbiota: characteristics and heterogeneity

Despite bronchiectasis being defined by common structural changes within the lower
airways, substantial differences are apparent in the microbiota composition of individual
patients. It is notable, for example, that, despite the ubiquity of P. aeruginosa within the
environment, not all bronchiectasis patients become chronically colonised by this pathogen.
Indeed, a number of studies have suggested that, in adults at least, patients fall into one of
three broad microbiota types: those where P. aeruginosa is numerically dominant, those
where H. influenzae is dominant and those in which neither of these two species
predominates [52–54]. This final category is likely to overlap, in part, with the 10–40% of
bronchiectasis patients from whom no potentially pathogenic micro-organisms can be
cultured [8, 9]. Despite the identity of the most abundant species defining these categories,
differences also exist at the level of the wider microbiota [55]; however, the extent to which
these differences reflect airway characteristics, treatment history and direct interspecies
interactions is unclear, and the inclusion of microbiological data into the description of
clinical phenotypes is typically limited to infection by P. aeruginosa [56, 57].
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While microbiota composition can differ considerably among bronchiectasis patients, its
composition can remain stable over long periods. A longitudinal study of 76 adult
bronchiectasis patients over a 6-month period reported that microbiota composition
changed little, in spite of antibiotics and changes in clinical states [54]. Similarly, in
bronchiectasis patients enrolled in the placebo arm of the BLESS trial, microbiota
composition typically showed little change over the course of the 48-week study, despite
intervening periods of exacerbation and antibiotic therapy [58]. Such stability has been
described previously in CF, with considerable “resistance” (the degree to which microbial
composition remains unchanged in response to a disruptive force) and “resilience” (the rate
at which microbial composition returns to its original composition after being disrupted)
reported relative to antibiotic challenge [59]. Such stability is inconsistent with the
stochastic acquisition of microbial populations, and rather supports a model in which the
airway microbiota reflects the selective pressure of an individual’s airway environment,
including the interactions of microbiota members. However, were the airway environment
the sole determinant of microbiota composition, a greater level of compositional uniformity
might be expected, with closer ties between disease stage and microbiota characteristics.
The marked differences in airway microbiology among patients suggest the contribution of
other factors.

One set of potentially important determinants is the immunological dysfunctions that
predispose to bronchiectasis development. Despite bronchiectasis being commonly
idiopathic, immune deficiencies, suboptimal immune function, autoimmunity and excessive
inflammatory activation are all implicated in disease risk [60]. The contributions of
predisposing genetic immune abnormalities, such as human leukocyte antigen class II
polymorphisms [61], and genetic conditions, such as CF and PCD, that cause reduced
airway clearance are poorly understood. Acquired immune deficiencies that are associated
with an increased risk of bronchiectasis, such as human T-lymphotropic virus type 1
infection [62], and autoimmune conditions, such as rheumatoid arthritis, ulcerative colitis
and, more rarely, Crohn’s disease, systemic lupus erythematosus and Sjögren’s syndrome
[63, 64], might also play a role in determining microbiota characteristics.

To date, little direct assessment of the influence of these immunological factors on
microbiome characteristics has been reported. However, a recent study that demonstrated close
links between immune phenotypes and airway microbiota composition in severe asthma
suggested that even relatively subtle differences in immune dysfunction can be reflected in
airway microbiology [65]. Indeed, one study that attempted to link immune phenotype to the
bronchiectasis lung microbiome assessed relationships between common loss-of-function
polymorphisms in FUT2, a fucosyltransferase gene that is involved in the decoration of
mucosal surfaces with specific types of fucosylated surface glycans [65]. Significant links were
identified between these polymorphisms, airway microbiota composition and clinical measures
of disease [65]. Notably, assessment of 112 adult bronchiectasis patients revealed that those
with functional FUT2 genes (termed “secretors”) had significantly poorer lung function and
significantly higher exacerbation frequency compared with nonsecretors, while nonsecretors
were less likely to have a P. aeruginosa-dominated airway infection [66].

External influences on the characteristics of the lower respiratory niche might also be
important in shaping the bronchiectasis microbiome. For example, bronchiectasis has been
described in individuals with COPD due to tobacco smoke or smoke exposure from solid
fuels [67], and these environmental exposures appear to exert direct and indirect influences
on the airway microbiota [68–70]. Geography is also likely to influence airway microbiome
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composition. For example, exposure to pathogens, such as P. aeruginosa and NTM, has
been shown to be influenced by proximity to surface water, local agricultural practices and
climatic conditions, among other factors [71, 72]. Detailed assessments of the contribution
of such variables on the bronchiectasis microbiome are, however, lacking.

A variant, known as dry bronchiectasis, manifests as episodic haemoptysis with little to no
sputum production [73]. These patients generally have less severe radiological and less
functional impairment, lower levels of inflammatory biomarkers and typically do not
exhibit chronic infection [57]. The aetiology of this phenotype is poorly understood, and
there is a paucity of data regarding its associated airway microbiology.

Using microbiome characteristics to stratify patients for clinical care

Classification of bronchiectasis patients according to airway microbiology provides an
important guide to antimicrobial treatment and clinical care [74]. Historically, an
important criterion has been chronic colonisation by specific airway pathogens, based on
their consistent isolation or detection. Such an approach has led to relationships between,
for example, chronic P. aeruginosa colonisation and poor lung function [75] and more
frequent hospital visits [76] being identified.

More sophisticated schemes might provide yet greater insight. For example, the abundance of
specific micro-organisms within the bronchiectatic airways can vary by many orders of
magnitude, and in some cases, populations that are detected consistently are of low absolute
abundance and represent only a small proportion of the total airway microbiota. The use
quantitative PCR (qPCR) to determine absolute levels of individual pathogens can be
substantially more informative than simple detection assays. Quantification of P. aeruginosa
at a single time point by qPCR, for example, has been shown to be effective in discriminating
between transient and chronic colonisation in CF [77]. Similarly, in bronchiectasis patients,
levels of H. influenzae and P. aeruginosa, as determined by qPCR, are more strongly related
to clinical disease measures than culture or PCR-based detection alone [53]. Application of
such an approach to sputum samples from adult bronchiectasis patients revealed P. aeruginosa
to be associated with higher exacerbation frequency and poor lung function, while levels of
H. influenzae load correlated with sputum and serum inflammatory markers [53].

A classification scheme that goes beyond absolute levels of airway pathogens and takes into
consideration their relative contribution to the airway microbiota might be yet more powerful.
For example, further analysis of samples from the same study indicated that the relative
abundance of the predominant bacterial taxon was significantly correlated with lung function,
inflammatory marker levels and bronchiectasis duration, while the identity of the numerically
dominant taxon was more predictive of future exacerbation rates than simple pathogen
detection [53]. Such insight could be particularly important for the design of clinical antibiotic
trials, which have often failed to report clear and conserved benefits in patients with
bronchiectasis. Further longitudinal studies are now needed to better understand the utility of
microbiome-derived measures in predicting disease progression and response to treatment.

Impact of antibiotic exposure on microbiome characteristics

Within microbial systems, antibiotic exposure is associated with reductions in bacterial
diversity and an increased prevalence of bacterial species that have intrinsic antibiotic
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tolerance. In the gut, this is often manifested as an increased abundance of spore-forming
clostridia, such as Clostridium difficile [78], while a comparable phenomenon in chronic
lung disease leads to the predominance of Proteobacteria (particularly P. aeruginosa) [42,
79, 80]. In patients with bronchiectasis, carbapenem antibiotics, particularly imipenem and
ceftazidime, are associated with an increased risk of Stenotrophomonas maltophilia
infection [81, 82]. Such effects are likely to relate to both the tolerance of these microbes to
the antibiotics used, and their ability to readily exploit the respiratory niche following
elimination of other microbiota members by antibiotic therapy. Selective pressures needed
to effect such changes can be relatively modest. For example, long-term low-dose
erythromycin treatment is associated with significant shifts in airway microbiota
composition, including the displacement of H. influenzae as the predominant airway
pathogen by the more macrolide-tolerant P. aeruginosa [58].

Acute pulmonary exacerbations and the bronchiectasis microbiome

Acute exacerbations of airways disease are associated with irreversible loss of lung function
and are a major contributor to disease progression [83]. The use of antibiotics to treat
exacerbations in bronchiectasis is associated with clear clinical benefit in most cases [84].
This treatment efficacy suggests that changes in bacterial activity, or a heightened host
response to bacterial colonisation, are contributory factors. However, the extent to which
airway microbiology contributes to exacerbation onset is less clear.

One longstanding view was that exacerbations in chronic lung disease were likely to result
from novel infection. However, empirical research provides little support for this model [85].
Indeed, in bronchiectasis, a relatively small proportion of exacerbations are associated with
the isolation of a bacterial pathogen not seen in prior samples [54]. Similarly, despite
antibiotic treatment of exacerbations being associated with a reduction in bacterial levels
[84], there is little evidence that bacterial numbers increase prior to exacerbation onset,
either in bronchiectasis [54] or in chronic lung disease more widely [86]. Furthermore, while
airway microbiota composition is altered during periods of exacerbation in bronchiectasis
[52, 87], consistent changes prior to exacerbation onset have not been identified [88].

Rather than a shift in microbiota composition, the trigger for exacerbation onset might be a
shift in microbial behaviour, such as pathogenicity trait expression or an increased abundance
of inflammatory mediators. Such behavioural changes might result from diverse cues,
including nutrient availability, oxygen tension, bacteriophage activity or host immunity [89],
and are commonly regulated by bacterial quorum sensing. In P. aeruginosa, for example,
quorum sensing controls many aspects of growth and behaviour, including the production of
elastase, pyocyanin and exotoxin A [90]. It is notable that macrolide antibiotics, which are
associated with reduced exacerbation risk, inhibit pseudomonal quorum sensing [91, 92].
Indeed, a significant reduction in the expression of the quorum-sensing genes lasR and pqsA
was reported in the BLESS trial, despite no change P. aeruginosa bacterial load [93].

Interspecies interactions might also play an important role in mediating exacerbation onset.
For example, metabolic relationships between P. aeruginosa and streptococcal co-colonisers
strongly influence the production of pyocyanin [94] and are likely to respond to changes in
environmental conditions. Many such interactions are likely to exist within a complex
airway microbiome. However, perhaps the clearest evidence of a microbiological trigger for
exacerbation onset is in relation to acute respiratory viral infections. Respiratory viruses
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have been shown to be important contributors to exacerbations in COPD [95, 96], asthma
[97, 98] and CF [99, 100], and in a prospective 12-month assessment of 119 adults with
bronchiectasis, common respiratory viruses were detected significantly more frequently
during exacerbations (49%) than during stability (19%) [101]. Indeed, virus-positive
exacerbations were associated with a greater increase in airway and systemic inflammatory
markers compared with virus-negative exacerbations, and a greater proportion of patients
with virus-positive exacerbations required intravenous antibiotics [101]. Similarly, in a
prospective study of 69 children with bronchiectasis, 48% of 77 exacerbations were reported
to be associated with viral detection [102]. Again, virus-associated exacerbations were
associated with worse clinical outcomes and a greater requirement for hospitalisation [102].

While the potential for respiratory virus infection to contribute to exacerbation onset in
bronchiectasis seems clear, greater evidence of causation is required. Furthermore, how such
infections lead to pathological processes that commonly respond to antibiotic therapy is
poorly understood. In CF, no link has been shown between respiratory virus detection and
an increased density of P. aeruginosa in sputum compared with stability [103], nor do
virus-associated exacerbations result in significant increases in P. aeruginosa sputum density
[103]. Instead, the link between viral infection and pathogen behaviour might be mediated
by changes in the wider respiratory microbiota (figure 3). Respiratory viral infection can
result in changes in oropharyngeal microbiota composition [104], with associations between
discrete viral and bacterial populations suggesting host mediation of these relationships
[105]. Disruption of the upper respiratory microbiota as a consequence of viral infection, in
turn, increases the risk of serious bacterial lower respiratory tract infection [106]. Based on
these strands of evidence, it is possible to hypothesise that the local inflammation, epithelial
damage and altered airway secretion characteristics that result from respiratory viral
infection lead to a change in the airway environment. In turn, these changes alter pathogen
behaviour, both directly and through pathways that are mediated by shifts in microbiota
composition and altered interspecies interactions. Increases in pathogenic behaviour further
contribute to heightened inflammation and bacteria-induced airway damage.

While viral infection is self-limiting, antibiotic therapy within such a model might provide
benefits by suppressing airway bacteria and disrupting interspecies relationships that

Respiratory
virus infection

Altered microbiota 
characteristics

Altered pathogen
behaviour Inflammatory

mediators

Inflammation
and scarring

Epithelial damage,
inflammation, mucus

hypersecretion, 
impaired ciliary 

function

Figure 3. Schematic showing hypothetical contribution of respiratory viral infection to bacterial mediation of
bronchiectasis exacerbations and airway damage.
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moderate pathogenicity. In CF, for example, broad-spectrum antibiotics used to treat
exacerbations disproportionately reduce the abundance of nonpseudomonal species [107]
and of associated metabolites that mediate pseudomonal pathogenicity [94].

In addition to contributing to the after-effects of viral infection, airway bacteria can also
influence the severity of the initial infection. Analysis of respiratory syncytial virus
infections of children has shown that certain upper respiratory microbiota conformations
were associated with exaggerated host inflammatory responses and clinical severity [108],
while persistent bacterial colonisation of the lower airways modulated subsequent viral
infections by increasing viral entry receptors and altering the inflammatory response [109].

To date, studies of viral involvement in bronchiectasis have relied mainly on assays that
target specific pathogens, such as influenza viruses, adenoviruses, human parainfluenza
virus, respiratory syncytial virus and human metapneumovirus [102]. A lack of sequence
conservation among species, and the need to characterise both DNA and RNA pathogens,
make more comprehensive viromic analysis challenging. However, the use of metagenomics
to assess respiratory DNA viruses in CF and non-CF individuals by WILLNER et al. [110]
suggested a greater diversity of eukaryotic respiratory viruses than was detectable through
common diagnostic assays. This work also highlighted the diversity of bacteriophage
populations that are associated with respiratory bacterial communities, a potentially
important component of the airway microbiome due to their ability to profoundly influence
bacterial behaviour [111]. For example, bacteriophages are implicated in the emergence of
tobramycin resistance in P. aeruginosa biofilms [112], while P. aeruginosa-produced
bacteriophages can inhibit the metabolic activity of Aspergillus fumigatus biofilms [113].
Temperate bacteriophages can also add gene function and selective advantages to their
bacterial hosts, a role that increases with duration and severity of the disease [114]. This
diversity of mechanisms through which respiratory viruses can influence airways disease
suggests the need for a more comprehensive analysis of the bronchiectasis virome, and a
closer examination of the relationships between infection and disease.

Contribution of fungi to the bronchiectasis microbiome

The focus of microbiome research in bronchiectasis has been overwhelmingly on airway
bacteria. However, fungi also have the potential to contribute to airways disease, both
directly and through their influence on bacterial populations. Airway colonisation by
A. fumigatus is particularly common in bronchiectasis, and can be associated with
considerable morbidity, particularly as a result of ABPA and invasive aspergillosis [115].
The yeast Candida albicans can also commonly be isolated from bronchiectasis respiratory
samples [115]. A multicentre observational study of Aspergillus spp. and C. albicans in 252
bronchiectasis patients reported 9% and 35% of patients to have persistent positive cultures
for Aspergillus spp. and C. albicans, respectively. In both cases, airway colonisation was
associated with age, poor lung function, production of purulent sputum and the
requirement for more frequent antibiotic treatment [116]. The clinical significance of
C. albicans in bronchiectasis is poorly understood; however, in patients with CF, its
presence is associated with pseudomonal co-colonisation and decreased lung function [117,
118], and is independently predictive of increased exacerbation rate [117].

Other fungal species isolated in bronchiectasis include the black yeast Exophiala
dermatitidis and filamentous species, including Scedosporium apiospermum, and members
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of the genera Fusarium and Penicillium [116]. The clinical significance of these species
remains unclear. However, in the case of E. dermatitidis, it has been reported as the only
fungal species isolated in association with deteriorated respiratory function, where the
clinical condition improved with successful antifungal treatment [119].

The use of comprehensive molecular approaches to characterise airway fungi in chronic lung
diseases, such as internal transcribed spacer 1 (ITS1) sequencing, has been limited to small
studies in CF patients [120–122], with little analysis performed in the context of bronchiectasis.
However, the need for more in-depth analysis is suggested by the profound influence that fungi
can have on bacterial pathogens. For example, interaction between S. aureus and C. albicans has
been shown to result in increased staphylococcal antibiotic resistance [123, 124], while the
production of airway-damaging phenazine compounds by P. aeruginosa increases in the
presence of C. albicans [125]. Bacterial pathogens also influence fungal behaviour. For example,
production of volatile compounds by P. aeruginosa has been shown to stimulate the growth of
A. fumigatus [126, 127]. However, the bacterial–fungal interaction that has had the greatest
impact on respiratory medicine was that between a Penicillium mould contaminating a
S. aureus culture that gave rise to the discovery of the β-lactam antibiotic penicillin [128] and
the start of the antibiotic era. The clear potential for interkingdom interactions to significantly
influence airways disease suggests that these little-understood processes warrant further
investigation in relation to bronchiectasis.

Emerging approaches to microbiome characterisation

Microbiological analysis of airway secretions has played an important role in clinical
decision making, and the sophistication of the tools that are available continues to grow.
The application of molecular approaches, such as 16S rRNA gene amplicon sequencing, has
provided substantial insight into the composition of the bronchiectasis airway microbiota.
However, these techniques are not without limitations. For example, the level of sequence
variation in the amplified regions of the 16S rRNA gene is typically unable to provide
bacterial identities beyond the genus level. As a result, amplicon-based approaches are
increasingly being superseded by technologies that can provide greater analytical resolution.
In particular, metagenomic sequencing is increasingly being employed in chronic
respiratory disease contexts [129, 130]. This approach offers significant advantages over the
more commonly used amplicon sequencing methods, enabling bacterial, viral and fungal
airway populations to be described with high phylogenetic resolution [18]. Metagenomic
sequence data can also provide information on the carriage of specific virulence,
pathogenicity and antimicrobial resistance genes [131], and allows the construction of
complete microbial genomes without the requirement for isolation by culture [132].

Metabolomic approaches are also being used increasingly to better understand the
collective behaviour of the respiratory microbiome. Rather than microbial functional
capacity, as reflected in the metagenome, metabolomics assesses the net impact of the
microbiota on the composition of airway secretions. Approaches such as liquid
chromatography–mass spectrometry and nuclear magnetic resonance can differentiate
bacterial modes of growth [133], and their application to in vitro airway infection models
has demonstrated links between metabolome characteristics and lung function [134]. Direct
application of metabolomics approaches to airway secretions and exhaled breath
condensates has further linked microbial metabolic pathways to the modulation of both
host physiology [135] and the behaviour of co-colonising microbes [136].
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Metatransciptomic analysis (involving the sequencing of cDNA generated from total
mRNA transcripts) has been performed successfully on sputum samples from CF patients
[137], and could be useful, for example, in assessing changes in microbiota behaviour that
might contribute to exacerbation onset in bronchiectasis patients.

Metagenomic, metabolomic and metatranscriptomic approaches can provide valuable
insight into microbiome characteristics and behaviour. However, relating microbiome traits
to airway damage directly is complicated by variations in microbiome characteristics and
host inflammatory responses within the lower respiratory tract. Through the analysis of an
explanted end-stage CF lung, GARG et al. [138] mapped host-derived molecules, microbial
metabolites, medications and region-specific metabolism of medications onto a
three-dimensional framework generated from CT scan images. This analysis revealed that,
despite the abundance of Pseudomonas throughout the lung, its associated virulence factors
were associated with specific regions. Furthermore, the presence of another CF-associated
pathogen, Achromobacter, was shown to be negatively spatially correlated with the presence
of the antibiotic meropenem. While such an approach would be challenging to perform in
a living subject (for example, through the use of site-specific BAL to collect airway
secretions), the concept of relating host and microbial measures within a spatial framework
has the potential to provide significant insight. Indeed, it might be possible to link such
approaches to visualisation techniques that have been used successfully to determine the
spatial distribution of microbial populations, and estimate relative rates of growth, within
CF sputum samples [139].

While such emerging technologies offer the potential for significant novel insight, there
remain challenges to their use in guiding treatment [140]. For their integration into clinical
decision making, they must be adapted to generate data in a standardised manner, with
outputs that are readily interpretable by nonspecialists. They must also be capable of
providing information with sufficient speed to inform clinical decision making. Although
still confined to the research field, approaches such as metagenomics or metabolomics have
the capacity to identify discrete markers that could be assessed with rapid assays, and
which would therefore have utility within a diagnostic setting.

Conclusion

Microbiome research is a relatively young discipline, having existed in its current form for
less than two decades. While application of the techniques described here to samples from
the bronchiectatic airways is providing exciting glimpses of the insight that such approaches
might provide, it has been based to date on a relatively small number of study cohorts. The
systematic deployment of these techniques to larger and more diverse patient populations,
particularly within longitudinal studies, represents the next challenge.
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| Chapter 7

How do we know what works?
Clinical trial end-points and
quality of life assessment
William R. Good1,2, Lata Jayaram3,4, Alain C. Vandal5,6 and
Conroy A. Wong1,2

Clinical end-points are a crucial part of any clinical trial. In bronchiectasis, debate has arisen
over the optimal end-points to use because of variable results from recent intervention trials.
We discuss the challenges faced in choosing end-points and review the end-points that have
been used in bronchiectasis clinical trials to date. These clinical end-points and potential
biomarkers include exacerbations, health-related quality of life and symptom-burden
assessment, exercise capacity and lung function, radiological changes, sputum and systemic
inflammatory markers, and microbiological assessment (including microbiome analysis).
Limited evidence is available about when an end-point is preferable, and each end-point
provides a unique insight into bronchiectasis morbidity. It is hoped that as we begin to
understand bronchiectasis in greater detail, these clinical end-points can be tailored to
specific groups and interventions in order to provide meaningful outcomes for patients, and
ultimately more evidence-based treatment options.
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Bronchiectasis has often been referred to as an “orphan” condition due to the lack of
research and drug development within the field [1, 2]. However, in recent years,

non-CF bronchiectasis has been acknowledged as a distinct entity and is now a focus of
marked interest, in part due to increasing incidence worldwide [3–5], which primarily
relates to the improved ability to diagnose bronchiectasis through the use of HRCT [6].
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Unfortunately, despite the interest in bronchiectasis and its therapeutic options, there has
been little progress regarding evidence-based interventions [1]. At present, no treatments
are licensed for use in bronchiectasis worldwide [6]. The purpose of this chapter is to
review the difficulties faced when using clinical end-points in bronchiectasis trials and
assess the robustness of those used currently in bronchiectasis research. Finally, we
speculate on potential adjustments to current clinical outcomes that may strengthen their
use for future bronchiectasis trials.

What makes a good clinical trial end-point?

A clinical trial end-point was defined by a National Institutes of Health (NIH) working
group as “a characteristic or variable that reflects how a patient feels, functions, or survives”
[7]. It can also consist of the resolution or prevention of symptoms. These are
patient-centred outcomes. Surrogate end-points have also been developed and are often
biomarkers, including laboratory measurements and physical signs [8, 9].

Establishing relevant and valid clinical end-points is crucial to any clinical trial. It is also
important to tailor the clinical end-point to the purpose and scope of the planned study
[10, 11]. Patient-reported outcomes provide strong evidence when conducting large studies
to show patient-related benefits and solidify the intervention as standard practice. However,
surrogate end-points are important, particularly in phase I and phase II trials. A tailored
approach allows the use of specific clinical end-points to demonstrate the mechanism of
efficacy and allow transition into more comprehensive, larger clinical trials.

There are three main components of the “ideal” clinical trial end-point: they need to be
precise with minimal error, explicitly measure the stated variable and be reliable, with
repeatability upon multiple testing. Surrogate end-points need to be biologically sound,
responsive and correlated with true outcomes. They should also ideally be easy to perform
and measured with minimal risk to the patient [12, 13]. Another key component of a
clinical end-point is the minimally clinically important difference (MCID). This refers to
the smallest difference in a measurable clinical parameter that indicates a meaningful
change in the condition for better or worse [14].

The primary end-point is the key outcome measure of a study, and choosing the optimal
outcome is crucial. Ideally it should have sufficient importance to convincingly support the
intervention’s use in that condition. A secondary end-point provides additional insight into
intervention effect but is not sufficient to support a claim for treatment efficacy [15]. Even
if a secondary end-point suggests treatment effect it may not be valid if the primary
end-point is negative [15]. Study size is also determined by the power of the study to
determine a change in the primary outcome. Multiple primary or co-primary end-points
can also make interpretation difficult if an effect is seen for one but not another.

The difficulties faced with clinical end-points in bronchiectasis trials

A key obstacle to the conduct of conclusive clinical trials in bronchiectasis research lies in the
heterogeneity of the patients being investigated. Bronchiectasis has many aetiologies and is
often considered the final common pathway of several diseases [1]. It is frequently associated
with other conditions including COPD, rheumatoid arthritis and asthma, and these
comorbid associations result in an increased exacerbation rate and higher mortality [16–19].
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Recognition of this fact led to the creation of the BACI, which is a predictor of the impact of
comorbidities on disease outcomes and mortality [20]. This index was created using patients
from four European centres (n=986 patients) who were followed for 5 years. A total of 81
comorbidities were reported, with men having significantly more comorbidities than women.
Comorbidity count was associated with mortality and 13 comorbidities were selected for
inclusion in the final scoring system. The large degree of heterogeneity in bronchiectasis
patients implied by the number and variety of comorbidities, reinforces the importance of
ensuring that both study arms of an interventional trial are not only randomised but also
well balanced. The AIR-BX1 and AIR-BX2 (Aztreonam for inhalation solution in patients
with non-cystic fibrosis bronchiectasis) [21] trials as well as the RESPIRE 1 and RESPIRE 2
trials [22, 23] testify to the importance of accounting for heterogeneity when allocating
treatment: these studies displayed an imbalance in the allocation of COPD patients, which
led to concerns when mixed results were found at the conclusion of the trials and also when
reviewing treatment-related adverse events [21–23].

The demographic features of bronchiectasis patients and the aetiology of their disease also
differ internationally. The European Multicentre Bronchiectasis Audit and Research
Collaboration (EMBARC) registry [24] and the US Bronchiectasis Research Registry
(USBRR) [25] have provided valuable information in these areas. Both registries had a
predominance of women, 58% and 62% respectively; the mean age for EMBARC was
63 years and the mean age for USBRR was 64 years [24, 25]. The underlying aetiology
differed between the groups, with idiopathic bronchiectasis and post-infectious
bronchiectasis more common in the EMBARC group, and NTM more common in the
USBRR. Comparison with other cohorts further confirms this international variation. In
China, a higher proportion of women was again seen, but with a younger mean age
(44.6 years) and a higher proportion of idiopathic bronchiectasis than in either EMBARC
or the USBRR [26]. In the EMBARC-Indian registry, the demographic features were again
different, with more men than women and a mean age of 51 years [27]. These are just a
few of the variations seen throughout the Asia-Pacific region [5]. The impact of geographic
and ethnic variation in bronchiectasis is an important consideration when undertaking a
multicentre international study. Recognising these differences may result in the use of more
specific, clinically relevant end-points. The recent RESPIRE 1 and 2 trials emphasise this
potential limitation with the two studies recruiting from different population bases; this
may have contributed to the conflicting results [23, 28].

Treatments established in other chronic respiratory conditions, such as CF, COPD and asthma,
have often been translated for use in bronchiectasis. However, when trialled in bronchiectasis,
these treatments have generally failed to reach clinical significance or have caused adverse
outcomes [1]. Tobramycin solution for inhalation, for example, reduced bacterial load and
clinical improvement, while at the same time increasing bronchospasm in patients [29].
Inhaled recombinant DNAse led to similarly negative results, with increased exacerbation
frequency and a reduction in FEV1 in the recombinant DNAse arm [30]. These mixed and
negative results reinforce the need to evaluate treatments established in other respiratory
conditions in patients with bronchiectasis to ensure that they are genuinely effective.

Bronchiectasis severity assessment and its role in clinical trials

In recent years, several scoring systems have been developed to stratify bronchiectasis
severity. These include the BSI, FACED and E-FACED. The BSI and E-FACED have both
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been validated in independent cohorts, predicting mortality and hospitalisations and
demonstrating increasing exacerbation and hospitalisation rates, as well as mortality, with
increasing severity index [31–35]. Although more research is needed into bronchiectasis
severity assessment tools, they provide a way to account for severity in clinical trials at the
study recruitment phase (as part of trial entry criteria) as well as during randomisation
(through stratification or minimisation), to reduce heterogeneity and the chance of
confounding. Assessment tools have yet to be used in either of these capacities but do have
the potential to improve future clinical trial designs.

Clinical trial end-points in bronchiectasis

Numerous clinical end-points have been used in bronchiectasis trials, as discussed in the
following section. Table 1 provides a summary of these end-points, and table 2 reviews the
primary and secondary end-points used in major bronchiectasis RCTs.

Exacerbations and hospitalisations

Exacerbations are important clinical events in patients with bronchiectasis. Exacerbations
are associated with impaired quality of life, accelerated decline in lung function, increased
healthcare expenditure and poorer prognosis [72, 73]. Patients with frequent exacerbations
have also been shown to have increased mortality and form an important component of
bronchiectasis severity stratification and scoring indexes [31, 34, 74].

A key difficulty encountered in using exacerbations as a clinical end-point relates to the wide
range of definitions. To address this limitation, an expert group was formed to develop a
consensus definition of an exacerbation for use in clinical research. The group conducted a
systematic review of exacerbation definitions from 2000 to 2015, identifying 50 articles with 20
different definitions of exacerbation [36]. With these definitions in mind, a Delphi process was
completed and the following definition was unanimously agreed upon: an exacerbation occurs
when a “person with bronchiectasis [has] a deterioration in three or more of the following key
symptoms for at least 48 h: cough, sputum volume and/or consistency; sputum purulence;
breathlessness and/or exercise tolerance; fatigue or malaise; haemoptysis AND a clinician
determines that a change in bronchiectasis treatment is required” [36]. However, it should be
noted that this consensus definition is yet to be tested or validated in clinical trials. Most
studies define a change in bronchiectasis treatment as treatment with oral or intravenous
antibiotics. Although this definition allows a more objective assessment of exacerbations,
prescribing practices in different countries can vary and self-prescribing of antibiotics by
patients may complicate the assessment of events. Definitions of exacerbations based on
symptoms alone have also been used [57] but such end-points have not been established as a
responsive outcome measure in bronchiectasis clinical trials to date.

Investigators are faced with determining the onset and cessation of an exacerbation
compared with the normal daily variation in symptoms [75]. Exacerbations can be
prolonged and recur within a short interval. Therefore, determining the independence of
exacerbations may be difficult. For example, it may be difficult to distinguish between a
prolonged exacerbation and two or three separate exacerbations. Blinded adjudication and
assessment of the independence of exacerbation events may limit potential bias and has
been recommended for COPD trials [76]. More recently, the EMBRACE (Effectiveness of
macrolides in patients with bronchiectasis using azithroymycin to control exacerbations)

102 https://doi.org/10.1183/2312508X.10015717

ERS MONOGRAPH | BRONCHIECTASIS



Table 1. Summary of clinical end-points for bronchiectasis trials

Clinical end-point Definition Benefits Difficulties MCID

Exacerbation:
Mean rate of

exacerbations
during
follow-up

Time to first
exacerbation

Severity of
exacerbation

Duration of
exacerbation:
when symptom
score returns
to baseline

Consensus definition: “a
person with bronchiectasis
with a deterioration in three
or more of the following key
symptoms for at least 48 h;
cough; sputum volume and/
or consistency; sputum
purulence; breathlessness
and/or exercise tolerance;
fatigue and/or malaise;
haemoptysis AND a clinician
determines that a change in
bronchiectasis treatment is
required” [36].

It is clinically relevant when the
exacerbation rate is reduced as
frequent exacerbations are
associated with significant
morbidity, worse HRQoL and a
more rapid decline in lung
function.

Exacerbation rates tend to be
lower than expected based
on historical exacerbation
rates, leading to reduced
study power.

The wide variety of definitions
used for exacerbations
reduces repeatability and
reliability.

There is no clear
differentiation between the
different exacerbation
measures.

Not specified

Hospitalisation:
Time to first

hospitalisation
Frequency of

hospitalisation
Duration of hospital

admission

Deterioration in symptoms or
signs requiring hospital
admission.

Hospitalisation indicates a severe
exacerbation.

Hospitalisation can be a
subjective decision reducing
the reliability and
repeatability within
multicentre studies.

Similarly, length of
hospitalisation depends
on a wide variety of
factors including
treatment, which can be
subject to bias.

Not specified

Mortality:
All-cause mortality
Bronchiectasis-specific

mortality

Death during the study period. Objective and clinically
meaningful end-point.

Studies generally need to be
performed over a longer
period of time due to low
mortality events.

Large studies are required
and may be impractical.

Not specified

Continued
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Table 1. Continued

Clinical end-point Definition Benefits Difficulties MCID

HRQoL:
1) St George’s

Respiratory
Questionnaire

2) Leicester Cough
Questionnaire

3) Quality of Life
Questionnaire –
Bronchiectasis

4) BHQ

Each HRQoL questionnaire
has a specified definition,
which includes a scoring
system that shows a
relationship to a better or
worse quality of life.

1) It is self-administered and is
the most used HRQoL
questionnaire in
bronchiectasis. It is
validated for bronchiectasis.

2) It is self-administered, it
focuses more on cough
than general health and it
has recent Spanish
validation. It is validated for
bronchiectasis.

3) It is self-administered and is
designed specifically for
bronchiectasis, improving
its suitability. It is available
in 30 languages.

4) It is designed specifically for
bronchiectasis, improving its
suitability. It is available in
11 languages and is much
simpler in use and scoring.

1) It was originally designed
for COPD. It is a long
questionnaire, reducing
its ease of use.

2) It was originally designed
for generic cough
assessment. It is a long
questionnaire, reducing
its ease of use.

3) It was designed recently
and has no total score.

4) It was designed recently
and was validated with
limited data. No MCID
is available.

1) MCID: 4 points
[37]

2) MCID: 1.3
points [37]

3) MCID in
bronchiectasis:
8 points [38]

4) MCID: not
specified

Symptoms:
1) Cough-free days

2) Cough: VAS

3) TDI

1) The patient records the
number of days without
cough.

2) The patient records cough
severity on a 100-mm
horizontal VAS.

3) It assesses the impact of
dyspnoea on three
domains.

1) It assesses important
symptoms and the cause of
morbidity in bronchiectasis.

2) It allows for patient views on
assessment of cough
severity.

3) It is useful for specifically
assessing the impact of
dyspnoea.

1) It is subjective and requires
patient participation for
recording accuracy.

2) It only focuses on the
impact of cough and not
on other HRQoL factors.

3) It is not validated in
bronchiectasis patients,
only in COPD patients.

Not specified

Continued
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Table 1. Continued

Clinical end-point Definition Benefits Difficulties MCID

4) Objective
assessment of
cough frequency
in bronchiectasis
[39]

4) The digital monitor
assesses and records
cough frequency.

4) It is an objective measure,
reducing any potential
patient bias.

4) It does not assess the
impact of cough on the
patient. The patient is
required to wear a
monitoring device.

Lung function:
Spirometry: FEV1, FVC

and MMEF
PEFR
Pulmonary function

tests: TLC, RV, DLCO
FeNO

Spirometry, plethysmography
and diffusion capacity
assessment all have
standard assessment
techniques and
interpretation.

The recommendation is that
spirometry is used for the
assessment of adverse
outcomes, particularly in inhaled/
nebulised studies. FEV1 is an
important prognostic factor.

All techniques have a standard
approach, which improves
reliability and accuracy of
measurements.

PEFR is an easy and repeatable test.

The majority of studies
suggest that FEV1 and
spirometry are insensitive
markers of treatment
response in bronchiectasis.

It is difficult to relate a small
change in lung function to a
subjective clinical
improvement.

Not specified

LCI A measure of ventilation
heterogeneity; it is
measured using multiple
breath washout.

LCI is extensively studied in CF
and is a sensitive marker of
early lung disease.

An advantage of its use in young
patients is that it requires less
patient compliance.

There is a correlation between LCI
and LCQ.

It is reproducible with
standardised methodology.

Recent studies have found no
difference between stable
and exacerbating LCI and
no change with intervention,
reducing its role as clinical
end-point.

A limited number of studies
use this as a clinical
end-point.

Not specified

Exercise capacity:
1) 6MWT

Each assessment has a
standardised method with
clear definition.

1) There is high external validity
due to standardised
instructions.

1) A learning effect has been
noted so two tests may
be required at the start
of the trial. It is a
self-paced test.

1) MCID: 22–25 m
[40]
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Table 1. Continued

Clinical end-point Definition Benefits Difficulties MCID

2) Incremental shuttle
walk test

3) Cardiopulmonary
exercise test with
peak V′O2 max

2) This is a better option for
patients with a preserved
lung capacity due to the
potential ceiling effect with
the 6MWT.

2) It requires space and
equipment.

3) Its use as a clinical
end-point is minimal.

2) MCID: 35–37 m
[40]

3) MCID: not
specified

Sputum characteristics:
1) Sputum colour chart

[41]

2) BronkoTest colour
chart

3) Sputum volume and
weight:

Mean in 75 min
Per cent change at
end of trial

24-hour change
from baseline

1) Sputum analysis based on
mucoid (clear),
mucopurulent (pale
yellow/pale green) and
purulent (dark yellow/
dark green).

2) Sputum analysis based on
sputum colour.

3) Measurement of either
weight or sputum volume
over a determined period
of time.

1) It has been validated and is
regularly used in clinical
trials.

2) It has been shown to
demonstrate sputum
neutrophilic inflammation.
It has been used in
several bronchiectasis
clinical trials.

3) It is commonly used in
physiotherapy interventions.

1) It is dependent on the
quality of the sputum
sample.

2) It is dependent on the
quality of the sputum
sample.

3) It is uncertain which
measurement of volume
is best and it is
dependent on patient
cooperation.

Not specified
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Table 1. Continued

Clinical end-point Definition Benefits Difficulties MCID

Systemic inflammatory
markers:

WCC/CRP/ESR
Procalcitonin
Serum desmosine
Serum albumin
Serum bilirubin

Measurement of these
markers using venous
blood collection.

A standardised method of analysis
that improves repeatability and
accuracy.

It is probably more important when
assessing the management of
acute exacerbations.

There is no differentiation
regarding which marker is
superior and none have
been proven to change
significantly with
intervention.

Not specified

Sputum inflammatory
analysis:
Sputum cell count and

differential, including
neutrophil
assessment

Neutrophil elastase
activity

MMPs:
MMP + TIMP

Cytokines: IL-6, IL-8,
TNF-α, IL-1β

Measurement of these
markers using spontaneous
sputum, induced sputum or
BAL.

It is minimally invasive, and is
relatively easy to collect and
analyse.

Specialised training is
required for analysis and it
is expensive.

There are limited data
on the value of cytokines
and proteolytic
enzymatics, and their
correlation with clinical
outcomes.

There is as yet limited
evidence demonstrating
its use as a biomarker
with improved clinical
outcomes.

Not specified

Sputum microbiology:
Quantitative: bacterial

density
Qualitative: presence or

absence of bacteria
Microbiome analysis

Microbiological analysis is an
important component when
predicting exacerbation risk
and future prognosis.

It is minimally invasive and
relatively easy to collect.

There are standardised methods
for analysis.

Microbiome analysis could be used
to evaluate the development of
other organisms as an adverse
outcome.

Quantitative analysis can
evaluate the reduction in
bacterial burden or its
eradication.

More work needs to be done
on microbiome analysis and
whether it can be used as a
clinical end-point.

Not specified

Continued
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Table 1. Continued

Clinical end-point Definition Benefits Difficulties MCID

Radiology:
1) CT

Modified Reiff Score
Bhalla Score
BRICS

2) MRI

1) Standardised
methodology for
scoring exists for both
scores.

2) MRI is still to be
investigated and there
is as yet no clear scoring
system yet for
bronchiectasis.

1) CT scoring assessments are
part of the severity index
calculation and independently
predict mortality. There are
clear and validated scores for
bronchiectasis.

2) Studies in CF demonstrate
that MRI can reliably show
bronchial dilatation,
bronchial wall thickening,
mucus plugging and
hypoperfusion. Changes
can be demonstrated in
acute exacerbations.

1) There is a risk of
radiation.

2) It is expensive and there
are limited data for its
use in bronchiectasis.

Not specified

MCID: minimally clinically important differences; HRQoL: health-related quality of life; VAS: visual analogue scale; TDI: Transitional Dyspnoea Index;
MMEF: maximal mid-expiratory flow; PEFR: peak expiratory flow rate; TLC: total lung capacity; RV: residual volume; DLCO: diffusing capacity of the
lung for carbon monoxide; LCI: Lung Clearance Index; LCQ: Leicester Cough Questionnaire; 6MWT: 6-min walk test; V′O2: oxygen uptake; WCC: white
cell count; CRP: C-reactive protein; ESR: erythrocyte sedimentation rate; MMP: matrix metalloproteinase; TIMP: tissue-inhibitor of metalloproteinase;
BRICS: Bronchiectasis Radiology Indexed CT Score.
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Table 2. Overview of RCTs in bronchiectasis patients and their specified primary and secondary outcomes

First author
[ref.]

Trial name
and year

Intervention Study details Primary outcomes Secondary outcomes

CURRIE [42] 1990 Amoxycillin versus
placebo

Single-centre RCT
(UK)

38 patients
Duration: 8 months

Morning spontaneous sputum
prior to the trial visit to
assess bacteriology with
comparison of the reduction
in concentration from the
mean pre-treatment values

Patient diary cards
24-h sputum volume and 24-h

purulent sputum volume
Subjective assessment with CT
Systemic inflammation: WCC

and ESR
Spirometry: FEV1 and FVC

O’DONNELL [30] 1998 Inhaled rhDNase versus
placebo

Multicentre RCT
349 patients
Duration: 6 months

Incidence of pulmonary
exacerbations:
protocol-defined
exacerbations needed four of
nine symptoms

Mean percentage
change in FEV1 from
baseline over the
treatment period

Hospitalisation rates

ORRIOLS [43] 1999 Inhaled ceftazidime and
tobramycin versus
placebo

Multicentre RCT
15 patients
Duration: 12 months

Number of admissions (mean)
Number of hospitalisation days

Spirometry: FEV1 and FVC
Arterial blood gas: PaO2 and PaCO2

Sputum culture, including
resistance analysis

Use of oral antibiotics

BARKER [29] 2000 Tobramycin solution for
inhalation versus
placebo in
bronchiectasis
patients with
P. aeruginosa

Multicentre RCT (USA)
74 patients
Duration: 6 weeks

Change in P. aeruginosa density Investigators; subjective
assessment of the
general medical condition:
“improved versus not
improved”

Change in FEV1 and FVC % pred
Safety profile assessment
P. aeruginosa eradication and

resistance profile

Continued
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Table 2. Continued

First author
[ref.]

Trial name
and year

Intervention Study details Primary outcomes Secondary outcomes

CYMBALA [44] 2005 Oral azithromycin
versus usual care

Single-centre RCT
11 patients (difficulty

recruiting)
Duration: 6 months

PFT
Incidence of exacerbations

Mean 24-h sputum volume

DROBNIC [45] 2005 Inhaled tobramycin
versus placebo

RCT (Spain)
30 patients
Duration: 6 months

Number of admissions and days
of admission

P. aeruginosa sputum density,
culture and MIC

Antibiotic use
Change in pulmonary function
Inflammatory markers: WBC, ESR
SGRQ

NEWALL [46] 2005 Pulmonary rehabilitation
and inspiratory
muscle training versus
pulmonary
rehabilitation with
sham versus usual case

Location not specified
32 patients
Duration: 3 months

ISWT SGRQ
24-h sputum volume
PFTs: FEV1, FVC, RV, TLC,

DLCO, PImax and PEmax
CPET: peak V′O2

TSANG [47] 2005 Inhaled fluticasone
versus placebo

Single-centre RCT
(China)

86 patients
Duration: 12 months

24-h sputum volume
Cumulative exacerbation

frequency

Sputum purulence score
Spirometry: FEV1 and FVC

MARTÍNEZ-GARCÍA

[48]
2006 Inhaled fluticasone

propionate versus
placebo

Single-centre RCT
(Spain)

93 patients
Duration: 6 months

Number of acute exacerbations,
antibiotic use and cycles of
oral steroids

Hospital admissions or visits to
the emergency room

SGRQ
Pulmonary function

assessment, including
spirometry, TLC, RV and DLCO

Microbiological analysis of sputum
TDI
Daily sputum volume

Continued
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Table 2. Continued

First author
[ref.]

Trial name
and year

Intervention Study details Primary outcomes Secondary outcomes

MURRAY [49] 2009 Twice daily chest
physiotherapy versus
no chest
physiotherapy

Single-centre RCT
(UK)

20 patients
Duration: 6 months

(including
crossover)

LCQ SGRQ
24-h sputum volume
PFTs: FEV1, FVC, PImax and PEmax
Exercise capacity: ISWT
Sputum microbiology

FIGUEIREDO [50] 2010 Flutter valve versus
sham flutter valve

Single-centre RCT
with crossover
(Brazil)

8 patients
Duration: 2 weeks

with interval
washout

Sputum volume during the
intervention

Airway resistance based on
impedance at 5 Hz

KELLETT [51] 2011 Nebulised 7%
hypertonic saline
versus nebulised
0.9% normal saline

Single-centre RCT
(crossover study)

32 patients
Duration: 6 months

Percentage change in FEV1 and
FVC from pre-treatment to
post-treatment phase

SGRQ
Antibiotic use
Annualised exacerbation rate
Sputum viscosity
Ease of sputum clearance: VAS

MURRAY [52] 2011 Inhaled gentamicin
versus nebulised
0.9% saline

Single-centre RCT
(UK)

65 patients
Duration: 12 months

A unit reduction of greater than
or equal to one log in sputum
bacterial load, regarded as
the minimum important
reduction necessary to have a
significant impact on airway
inflammation

Quantitative and qualitative
sputum bacteriology

Sputum purulence using the
sputum colour chart and 24-h
sputum volume

Spirometry: FEV1 and FVC
Exercise capacity
SGRQ and LCQ
Exacerbation frequency
Systemic inflammation: WBC,

CRP, ESR
Airway inflammation: neutrophil

myeloperoxidase and free
elastase

Continued
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Table 2. Continued

First author
[ref.]

Trial name
and year

Intervention Study details Primary outcomes Secondary outcomes

HERNANDO [53] 2012 Inhaled budesonide
versus placebo

Single-centre RCT
(Spain)

77 patients
Duration: 6 months

Functional parameters (FEV1
and FVC)

Microbiological changes
between baseline and end

SGRQ
Inflammatory changes: serum

IL-8, cellular composition of
sputum

Exacerbations per patient

LEE [54] 2014 Exercise training
regime versus
general care

Multicentre RCT
(Australia)

85 patients
Duration: 12 months

Maximal exercise capacity with
ISWT

CRQ

Functional exercise capacity:
6MWD

LCQ
HADs
Daily diary to identify

exacerbations
MANDAL [55] 2012 Pulmonary

rehabilitation and
chest physiotherapy
versus chest
physiotherapy alone

Single-centre RCT
30 patients
Duration: 3 months

Improvement in ISWT Endurance walk test
LCQ and SGRQ
PFTs: FEV1, FVC, PImax and PEmax
Systemic inflammation: CRP,

WBC, ESR

MARTÍNEZ-GARCÍA

[56]
2012 Inhaled budesonide–

formoterol versus
high-dose
budesonide

Single-centre RCT
40 patients
Duration: 12 months

SGRQ, TDI and percentage of
cough-free days

Pulmonary function
Sputum microbiology (culture)
Number of exacerbations or

hospitalisations

WONG [57] EMBRACE,
2012

Oral azithromycin
versus placebo

Multicentre RCT (New
Zealand)

141 patients
Duration: 6 months

Rate of event-based
exacerbations

FEV1
SGRQ

Time to first exacerbation
Rate of symptom-based

exacerbations
FVC
6MWD
SGRQ at 12 months
Sputum cell counts and

microbiology
CRP

Continued
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Table 2. Continued

First author
[ref.]

Trial name
and year

Intervention Study details Primary outcomes Secondary outcomes

ALTENBURG [58] BAT, 2013 Oral azithromycin
versus placebo

Multicentre RCT (The
Netherlands)

83 patients
Duration: 12 months

Number of exacerbations
(protocol defined) during the
12-month period of treatment

Spirometry: FEV1
Sputum bacteriology
Serum inflammatory markers:

CRP, WCC
LRTI-VAS
SGRQ

BILTON [59] 2013 Inhaled dry powder
mannitol

Multicentre,
multinational RCT
(Australia/New
Zealand/UK)

343 patients
Duration: 3 months

Change in 24-h wet sputum
weight

SGRQ score at 12 weeks from
baseline

Bronchiectasis Specific
Questionnaire and LCQ

Lung function: spirometry,
multibreath nitrogen washout,
DLCO

Antibiotic use (time to first use)
and pulmonary exacerbations
using a study-designed
definition

CT of the chest using the Bhalla
scoring system

Microbiology on sputum samples
Shuttle walking test

DE DIEGO [60] 2013 Oral azithromycin
versus usual care

Single-centre RCT
(Spain)

30 patients
Duration: 3 months

Airway oxidative stress markers,
including isoprostane-8
concentration, FeNO, and
nitrite and nitrate
concentration in exhaled
breath concentrate

Changes in lung function
Sputum colour and volume
Number of exacerbations and

hospital admissions
MRC dyspnoea scale and SGRQ

SERISIER [61] ORBIT-2
Trial, 2013

Inhaled dual-release
liposomal
ciprofloxacin versus
placebo

Multicentre,
multinational RCT
(Australia/New
Zealand/UK)

42 patients
Duration: 6 months

Change in sputum P. aeruginosa
bacterial density to the end of
treatment cycle 1 (day 28)

Safety profile and tolerability
Time to first pulmonary

exacerbation
Spirometry: FEV1
6MWT
SGRQ

Continued
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Table 2. Continued

First author
[ref.]

Trial name
and year

Intervention Study details Primary outcomes Secondary outcomes

SERISIER [62] BLESS
Trial, 2013

Oral erythromycin
versus placebo

Single-centre RCT
(Australia)

117 patients
Duration: 12 months

Mean rate of protocol-defined
pulmonary exacerbations per
year

All pulmonary events requiring
antibiotics

Number of days of antibiotics
LCQ and SGRQ
24-h sputum weight
Spirometry: FEV1 and FVC
6MWD
Sputum bacteriology
Sputum inflammatory cells
Systemic inflammation: CRP

STOCKLEY [63] 2013 Neutrophil elastase
inhibitor (AZD9668)
versus placebo

Multicentre,
multinational RCT
(UK and Canada)

38 patients
Duration: 28 days

Absolute and percentage
neutrophil counts in sputum
samples

24-h sputum weight change
from baseline

Change in FEV1, SVC and FVC
BronkoTest diary card data

(including PEF, symptom
scores and reliever
medication use)

HRQoL assessment:
SGRQ

Neutrophil elastase
activity in spontaneous
sputum

Inflammatory biomarkers in
sputum: IL-1β, IL-6, IL-8,
TNF-α

Systemic inflammatory
markers: IL-1β, IL-6,
IL-8, TNF-α

Urinary and plasma desmosine

BILTON [64] 2014 Inhaled mannitol
versus placebo

Multicentre,
multinational
(Australia/USA/
Europe/Ireland/New
Zealand and South
America)

485 patients
Duration: 12 months

Pulmonary exacerbation rate
over 1 year defined as
worsening symptoms and
signs requiring treatment

Exacerbations were also graded
for severity

Time to first exacerbation
Duration of exacerbation
SGRQ
Antibiotic use for
exacerbation
24-h sputum weight
Spirometry: change in
FEV1 and FVC

Continued
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Table 2. Continued

First author
[ref.]

Trial name
and year

Intervention Study details Primary outcomes Secondary outcomes

BARKER [21] AIR-BX1
and

AIR-BX2,
2014

Inhaled aztreonam
versus placebo

Multicentre,
multinational RCT

540 patients
Duration: 3 months

Change in QoL-B Respiratory
Symptom scores

Time to first protocol-defined
exacerbation

Microbiology assessments,
including change in
CFU·g-1 of sputum,
presence of respiratory
pathogens and change in
MIC of aztreonam

HAWORTH [65] 2014 Inhaled colistin versus
placebo in
bronchiectasis
patients with
P. aeruginosa
infection

Multicentre,
multinational RCT

144 patients
Duration: 6 months

Time to first exacerbation Time to first exacerbation based
on adherence recorded by the
I-neb

Severity of exacerbation
CFUs of P. aeruginosa
24-h sputum weight
SGRQ total score
Safety profile based on FEV1 and

sensitivity of P. aeruginosa to
colistin

MANDAL [66] 2014 Oral atorvastatin
versus placebo

Single-centre RCT
(UK)

60 patients
Duration: 6 months

Reduction in cough from
baseline to 6 months,
measured by LCQ

Spirometry: FEV1 and FVC
ISWT
Qualitative and quantitative

sputum bacteriology
Frequency of exacerbations
SGRQ
Sputum assessment: neutrophil

numbers, myeloperoxidase,
free elastase activity, IL-8

Systemic inflammation: WBC,
CRP, ESR, IL-1γ, IL-6, IL-8,
IL-10 and TNF-α

Continued
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Table 2. Continued

First author
[ref.]

Trial name
and year

Intervention Study details Primary outcomes Secondary outcomes

DE SOYZA [67] 2015 CXCR2 antagonist
(AZD5069) versus
placebo

Multicentre,
multinational RCT

52 patients
Duration: 28 days

Change in absolute sputum
neutrophil count

Percentage neutrophil cell count
in sputum

BronkoTest
HRQoL assessment: SGRQ
Exacerbation rate
Sputum inflammatory markers:

IL-1β, IL-6, IL-8, TNF-α and
neutrophil elastase

Systemic inflammation:
high-sensitivity CRP, IL-6, IL-8,
IL-1β, TNF-α

ORRIOLS [68] 2015 Nebulised tobramycin
versus placebo

Single-centre RCT
(Spain)

35 patients
Duration: 15 months

Eradication of P. aeruginosa Number of exacerbations,
number of hospital admissions
and hospitalisation days

Spirometry: FEV1 and FVC
SGRQ
Systemic inflammation: WBC,

ESR, CRP

BEDI [69] 2017 Oral atorvastatin versus
placebo in
bronchiectasis
patients with
P. aeruginosa
infection

Single-centre RCT
(UK)

27 patients
Duration: 6 months

LCQ score at 3 months
compared to baseline

Spirometry: FEV1 and FVC
ISWT
Qualitative and quantitative

sputum bacteriology
Frequency of exacerbations
HRQoL assessment: SGRQ
Sputum neutrophil numbers and

sputum myeloperoxidase, free
elastase activity and CXCL-8

Systemic inflammation using
CRP, ESR, IL-1β, IL-6, CXCL-8,
IL-10, TNF

Continued
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Table 2. Continued

First author
[ref.]

Trial name
and year

Intervention Study details Primary outcomes Secondary outcomes

HAWORTH [70] ORBIT-3
and

ORBIT-4,
2017

Inhaled liposomal
ciprofloxacin
(pulmaquin) versus
placebo

Multicentre,
multinational RCT

528 patients
Duration: 48 weeks

Time to first exacerbation Number of exacerbations
Sputum microbiology density

reduction and mean inhibitory
concentrations

Pulmonary function: FEV1, FVC
and DLCO

WONG [71] ROBUST
trial, 2017

Inhaled tiotropium
versus placebo

Multicentre RCT (New
Zealand)

90 patients
Duration: 1 year

Rate of exacerbation
Change in FEV1

HRQoL assessment with SGRQ,
LCQ and CAT

DE SOYZA [22] RESPIRE 1,
2018

Dry powder
ciprofloxacin (14-
and 28-day cycles)
versus placebo

Multicentre,
multinational RCT

416 patients
Duration: 1 year

Time to first exacerbation
(protocol-defined
exacerbation)

Spirometry: FEV1 and FVC
SGQR and QoL-B
Eradication of pathogens

AKSAMIT [23] RESPIRE 2,
2018

Dry powder
ciprofloxacin (14- and
28-day cycles) versus
placebo

Multicentre,
multinational RCT

416 patients
Duration: 1 year

Time to first exacerbation
(protocol-defined
exacerbation)

Spirometry: FEV1 and FVC
SGQR and QoL-B
Eradication of pathogens

WCC: white cell count; ESR: erythrocyte sedimentation rate; rhDNase: recombinant human deoxyribonuclease; PaO2: arterial oxygen tension; PaCO2:
arterial carbon dioxide tension; P. aeruginosa: Pseudomonas aeruginosa; % pred: % predicted; PFT: pulmonary function test; MIC: minimum inhibitory
concentration; WBC: white blood cell; SGRQ: St George’s Respiratory Questionnaire; ISWT: incremental shuttle walk test; RV: residual volume; TLC:
total lung capacity; DLCO: diffusing capacity of the lung for carbon dioxide; PImax: maximal inspiratory pressure; PEmax: maximal expiratory pressure;
CPET: cardiopulmonary exercise testing; V′O2: oxygen uptake; TDI: Transition Dyspnoea Index; LCQ: Leicester Cough Questionnaire; VAS: visual
analogue scale; CRP: C-reactive protein: CRQ: Chronic Respiratory Disease Questionnaire; 6MWD: 6-min walk distance; HADS: Hospital Anxiety and
Depression Score; EMBRACE: Effectiveness of macrolides in patients with bronchiectasis using azithroymycin to control exacerbations; BAT:
Bronchiectasis and long-term azithromycin treatment; LRTI: lower respiratory tract infection; MRC: Medical Research Council; 6MWT: 6-min walk
test; BLESS: Bronchiectasis and low-dose erythromycin study; SVC: slow vital capacity; PEF: peak expiratory flow; HRQoL: health-related quality of
life; QoL-B: Quality of Life Questionnaire-Bronchiectasis; CAT: COPD Assessment Test. I-neb is manufactured by Philips Respironics, Chichester, UK.
BronkoTest is manufactured by BronkoTest Ltd, London, UK.
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study, which evaluated the role of macrolide treatment in bronchiectasis, used blinded
adjudication of exacerbations as a primary clinical end-point [57, 71]. Daily symptom
diaries were reviewed to assess reversion to baseline symptoms, to determine independence
of events and to allow assessment of exacerbation duration.

There is little evidence available that establishes the preferred exacerbation assessment
method. Studies have regularly used the time to first exacerbation and the rate of
exacerbation, defined in the simplest case as the total number of observed exacerbations
divided by the total follow-up expressed as participant time. The merits of each method
have been reviewed in the context of other respiratory conditions, including asthma and
COPD [76, 77]. The potential advantage of using time to first exacerbation, as opposed to
exacerbation rate, is that its estimated mean will not be as subject to bias as the estimated
rate, if the individual probability of drop-out is related to the individual exacerbation rate.
Contamination by the addition of new therapies and hospital admissions is also less likely
to occur. Beyond these situations, the advantage of the estimated exacerbation rate in
comparison with the time to first exacerbation is that it is sufficient for the true
exacerbation rate, i.e. it uses all available relevant data. Another advantage of exacerbation
rate as an end-point is that increased individual exacerbation frequency has been shown to
be associated with poorer survival and a greater impairment to quality of life, and may
therefore provide a meaningful clinical outcome [74].

Severity of exacerbation is also difficult to accurately define; however, a severe exacerbation
is usually defined as the need for hospitalisation and is used for adverse event reporting. At
present, no formal definitions of mild, moderate and severe exacerbations are available for
bronchiectasis trials [36]; this classification therefore has limited utility as a clinical
end-point. Other studies have also used length of hospital admission in the context of
exacerbations as a clinical end-point, but this end-point is influenced by different inpatient
management practices [45].

Mortality

Mortality is an important clinical trial end-point as it provides definitive information about
the influence of interventions on prognosis and survival. Mortality has previously been
assessed as either all-cause or disease-specific. All-cause mortality has been recognised as a
less sensitive outcome in the assessment of an intervention because the outcome may be
dominated by causes of death that are unrelated to the trial [78]. However, all-cause mortality
is an objective, unbiased end-point that takes into account the benefits and harms of an
intervention. Disease-specific mortality allows direct assessment of the intervention but
requires certainty when assigning the cause of death during the study [79]. This can be
especially difficult when a patient has numerous comorbidities and when documentation
relating to death is lacking. Studies have attempted to overcome this by using independent
review committees to assign the formal cause of death and improve accuracy [80]. Studies that
use mortality as a primary end-point generally need to have a large number of participants
and a long duration in order to achieve sufficient power. These requirements are perhaps the
main reasons why mortality has not yet been used as an end-point in bronchiectasis trials.

Health-related quality of life

Health-related quality of life (HRQoL) assessment inherently relates to how a patient feels
or functions and is therefore an important clinical end-point. HRQoL questionnaires
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designed for other chronic respiratory conditions have been validated for use in
bronchiectasis, and bronchiectasis-specific questionnaires have also been developed [38].

HRQoL assessments should ideally be designed specifically for use in patients with
bronchiectasis. They should be validated, applicable to different population cohorts
(ensuring external validity) and be available in other languages. They should also
correspond to a meaningful clinical change for the patient. Finally, questionnaires need to
be user-friendly and not cumbersome, for both patient and researcher use [81].

The St George’s Respiratory Questionnaire (SGRQ) is a self-administered HRQoL
questionnaire containing 50 items and 76 weighted responses divided into three
components: symptoms, activity and impact. It assesses these health-related domains over
the preceding 4 weeks. Scores range from 0 to 100 and are calculated for individual
components and total score; a higher score corresponds to a greater impairment of
HRQoL. The SGRQ was initially designed for COPD and asthmatic patients [82], but it has
been validated in bronchiectasis patients with SGRQ symptom scores correlating with
Medical Research Council (MRC) Wheeze scores (r=0.634, p<0.001), SRGQ Activity scores
with shuttle walk testing (r=−0.659, p<0.0001), and SRGQ Impacts scores with physical
fatigue (measured on a validated 14-item fatigue scale) (r=0.610, p<0.0001) [83]. It was also
shown to be repeatable over a 2-week period in bronchiectasis populations.

The Leicester Cough Questionnaire (LCQ) is another HRQoL questionnaire, developed in
2003 for patients with chronic cough. It contains 19 items, is self-administered and also has
three domains: physical, psychological and social. Total severity scores range from 3 to 21,
with a lower score reflecting worse quality of life relating to cough. It assesses symptoms
over the preceding 2 weeks. It was validated for use in bronchiectasis in 2009 and is
correlated with the SGRQ (r=0.7, p<0.0001) [84]. Responsiveness was also assessed
following a course of antibiotics, with documented improvement in the median LCQ score.
More recently, the Spanish version of the LCQ was validated, further reinforcing its use in
bronchiectasis [85].

The Quality of Life Questionnaire-Bronchiectasis (QOL-B) was the first HRQoL
questionnaire specifically developed for bronchiectasis. It is a self-administered
patient-reported outcome measure, assessing symptoms over the preceding 7 days and
includes 37 items on eight scales: respiratory symptoms, physical, role, emotional, social,
vitality, health perceptions and treatment burden. It was developed using procedures and
analyses recommended by the US Food and Drug Administration. Its subscores displayed
good to excellent internal consistency (Cronbach’s α ⩾0.7) and had a 2-week test–retest
reliability (intra-class correlation coefficient ⩾0.72) in a validation study [86]. This HRQoL
questionnaire has been used in clinical trials and in the AIR-BX1 and AIR-BX2 study of
aztreonam for inhalation, and change in the QOL-B Respiratory Symptoms score was used
a primary end-point [21].

These bronchiectasis HRQoL questionnaires were analysed in a systematic review and
meta-analysis in 2016, comprising 43 studies and 3727 patients [38]. Nine HRQoL
questionnaires, including the SGRQ, LCQ and QoL-B, were assessed. The review found that
the SGRQ was the most widely studied questionnaire, followed by LCQ. Overall, the study
suggested that these questionnaires generally have good internal consistency, test–retest
reliability and convergent validity. The test–retest reliability was high for the LCQ and
SGRQ, and variable for the QoL-B. The authors commented on the different potential uses
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of these HRQoL questionnaires. SGRQ had the strongest association with dyspnoea and
LCQ was particularly useful if cough was the symptom of primary focus. All three also
have established MCIDs (table 2). The disadvantage of QoL-B and SGRQ was the length of
the questionnaires; QoL-B also does not have a total score, limiting ease of interpretation.

The HRQoL questionnaire most recently developed specifically for use in bronchiectasis is
the BHQ. Validated in 2016, the BHQ consists of 10 items, with larger scores corresponding
to improved HRQoL. It has been found to have very good internal consistency (Cronbach’s
α=0.85), strong convergent validity with the SGRQ (Pearson’s r=−0.82, p<0.001) and
mild-to-moderate correlation with FEV1 % predicted (Pearson’s r=−0.27, p=0.001) [87].
An association was noted with number of exacerbations in the last 12 months, hospital
admissions and bronchiectasis involvement on HRCT. It also displayed strong 2-week
test–retest reliability (intraclass correlation 0.89). The proposed strengths of BHQ were:
easy interpretation with a single health score; its translation into 11 languages (English,
French, Spanish, Dutch, German, Italian, Japanese, Mandarin, Belgian, US-Spanish and
US-English); and validation in different population groups internationally. However, the
MCID has not been determined and the questionnaire has yet to be assessed in a clinical
trial [81].

Symptoms

Symptom measure assessments have not had the same degree of validation as HRQoL
questionnaires. They tend to focus on cough, given its significant impact on health status,
and include cough visual analogue scales, cough-free days and, more recently, ambulatory
objective cough-monitoring devices [88]. The cough-monitoring device was investigated in
a recent pilot study, which concluded that objective cough frequency was significantly
increased in patients with bronchiectasis [39]. Objective cough frequency was correlated
with subjective measures, including LCQ and BHQ. Further studies are required to evaluate
its role as a clinical end-point.

The Transitional Dyspnoea Index assesses dyspnoea, which is an important symptom in
patients with bronchiectasis. It consists of three domains relating to the onset of dyspnoea.
It has been validated in COPD and a MCID has been established [89]. It has been used in
several bronchiectasis trials but validity and MCID have not been confirmed for its use in
such trials [48, 56].

Lung function assessment

Spirometric lung volumes, with assessment of FEV1 and FVC, are key measures of
treatment in other respiratory conditions, including CF and asthma [1]. The degree of
FEV1 impairment in bronchiectasis is an established measure in predicting mortality and
exacerbation risk [90]. Despite the routine use of spirometry in bronchiectasis clinical trials,
most have not demonstrated a statistical improvement in FEV1 or FVC that is of clinical
significance. However, it has been suggested that the role of spirometry should be
monitoring for adverse events [91]. Part of the difficulty in using spirometry may be due to
the large variety in pulmonary function abnormalities among bronchiectasis patients and
the possible influence of the wide range of causes of bronchiectasis. Studies have used both
pre- and post-bronchodilator spirometry assessment, but head-to-head comparisons
determining the best end-point measurement are not available. Overall, FEV1 is not a
particularly responsive outcome measure in clinical trials of bronchiectasis treatments.
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Peak expiratory flow rate (PEFR) has also been used as a clinical end-point. Recently, it was
studied in patients with bronchiectasis prospectively over 2 years [92]. BRILL et al. [92]
found that PEFR dropped by 10.6% on average during exacerbation, and that a drop of
<10% was associated with greater symptom burden and lengthy decline. Generally, the
PEFR declined 6 days prior to requiring intervention. Maximal mid-expiratory flow
(MMEF) has also been investigated in one study and enabled the distinction between
moderate-to-severe bronchiectasis and mild disease [93]. MMEF was comparable to the
lung clearance index (LCI) in terms of diagnostic value and correlation with clinical
variables. However, both had minimal changes during bronchiectasis exacerbations and
after antibiotic therapy, indicating limited responsiveness as a clinical end-point.

Lung diffusion capacity measurement has been assessed in patients with bronchiectasis but
is not commonly used as a clinical end-point. The basis of its use is that reduced diffusion
capacity has been shown to predict radiological disease, disease severity and mortality, and
may play a role in stratifying patients into different treatment groups [94]. It has been used
in the assessment of pulmonary rehabilitation in bronchiectasis [46] and in a subgroup of
study sites in the recent ORBIT -3 and ORBIT-4 trials [70].

The LCI has been extensively investigated and used as a clinical end-point in CF [95–97].
The LCI assesses ventilation heterogeneity in the peripheral airways, by measuring multiple
breath washout. In chronic respiratory conditions, mucus plugging, inflammation and
airway wall remodelling lead to longer washout and result in airway heterogeneity. In a
landmark study, the LCI was found to be superior to FEV1 in identifying bronchiectasis
severity based on CT assessment [98]. Furthermore, the assessment was reproducible over a
2-week period. More recently, the LCI was used as a clinical outcome marker before and
after both physiotherapy and i.v. antibiotics [99]. The study included 32 stable and 32
exacerbating participants, as well as 26 healthy controls. The LCI was again shown to be
reproducible and was significantly higher in both bronchiectasis groups compared with
healthy controls (p<0.001). However, there was no significant difference between stable and
exacerbating bronchiectasis patients and the LCI did not change significantly after either
short-term intervention despite improving FEV1. This lack of response raises concerns
about the utility of the LCI as a surrogate clinical end-point in bronchiectasis trials.

FeNO has also been used in bronchiectasis trials [60]. It is a simple, repeatable and
noninvasive investigation. Studies have previously suggested that levels of FeNO correlate
with the severity of bronchiectasis [100]. It is also elevated in the bronchiectasis
eosinophilic phenotype [101]. However, more recently, in a small trial investigating
azithromycin in bronchiectasis, FeNO measurements in the treatment group did not differ
from the control group, despite a reduction in sputum volume and a number of
exacerbations in the azithromycin arm [60]. It was postulated that nitric oxide may not be
a good indicator of oxidative stress because it is metabolised to nitrates. The use of FeNO as
a clinical end-point in bronchiectasis is therefore uncertain but it may play a role in
stratifying bronchiectasis phenotypes.

Exercise capacity

Exercise performance is an important reflection of respiratory-related function, including
lung function and muscle strength. Measurement of exercise performance also contributes
to an important assessment of overall function and allows direct evaluation of morbidity
relating to bronchiectasis. The most commonly used tools are the incremental shuttle walk
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test (ISWT) and the 6-min walk test (6MWT). The ISWT uses external pacing and is a
symptom-limited maximal exercise test with the distance walked strongly associated to peak
aerobic capacity. The 6MWT is a self-paced test. Both have standardised instructions to
ensure external validity [102, 103]. A learning effect may occur when the 6MWT and
ISWT are used, and it has been suggested that the two tests should be performed at the
start of the study [104]. Both tests also have clear MCIDs (table 1). The ISWT may be a
better choice for patients with preserved lung capacity due to the potential ceiling effect of
the 6MWT [37]. Furthermore, the 6MWT has not been shown to be a responsive outcome
measure in several bronchiectasis clinical trials [57, 62].

Cardiopulmonary exercise tests can also provide information about cardiovascular and
respiratory performance at different levels of workload, including maximal exercise.
Generally, peak oxygen uptake has been the key outcome assessed; it was used in a
bronchiectasis pulmonary rehabilitation trial [46]. This measure has been used infrequently
due to practical limitations relating to time and cost, but it has been shown to be
responsive to exercise training in bronchiectasis [37, 46].

Sputum characteristics

Sputum assessment is a commonly used clinical end-point in bronchiectasis trials; it
includes sputum colour and sputum volume.

Sputum colour assessment in bronchiectasis has long been assessed with evidence of
purulence indicating lung inflammation [105]. A validated and reliable sputum colour chart
is available for use in bronchiectasis and consists of three categories: mucoid, mucopurulent
and purulent [106]. This chart has been used as a secondary end-point in bronchiectasis
trials and is an inexpensive, noninvasive measure [52, 107]. More recently, the sputum
colour chart was found to be reflective of lung inflammation, with purulent sputum
carrying significantly more sputum neutrophils, IL-8, TNF-α and neutrophil elastase. It was
also associated with a worse CT score [41]. The BronkoTest colour chart (BronkoTest Ltd,
London, UK) is also available and a score of ⩾3 (indicating mucopurulent sputum) was
shown to predict sputum neutrophil proportion [108]. This component has been assessed
as a secondary end-point along with the full BronkoTest diary card in a CXCR2 antagonist
(AZD5069) trial [67] and a neutrophil elastase inhibitor (AZD9668) trial [63].

Sputum volume is a frequent end-point in bronchiectasis trials. In a recent Cochrane
Review of systematic interventional studies in bronchiectasis, multiple distinct sputum
volume measures were found to have been used [109]. These measures included the 24-h
sputum volume change from baseline, the 24-h sputum weight from baseline, the sputum
volume in 75 min and the sputum volume percentage change at the end of the trial. There
was no clear recommendation regarding which component was superior. This clinical end-
point requires a high level of patient cooperation to ensure accurate and reliable results;
however, it reflects an important component of morbidity in bronchiectasis patients.

Sputum inflammatory analysis

There has been considerable focus on the development of sputum biomarkers in
bronchiectasis. It has been recognised that neutrophilic inflammation plays a key role in the
development and progression of bronchiectasis. Bronchial biopsies have demonstrated
significantly elevated neutrophils and IL-8 in bronchiectasis patients compared with healthy
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controls [110]. Sputum neutrophil counts have also been shown to inversely correlate with
FEV1 (rho=-0.428, p<0.0001), LCQ (rho=−0.58; p=0.068) and BSI (rho=0.37, p=0.005).
Sputum neutrophilia was also higher in Pseudomonas aeruginosa colonised subjects [111].
This finding was supported by another study, which validated the use of the sputum colour
chart, as previously discussed [41].

CHALMERS et al. [112] recently evaluated sputum neutrophil elastase as a biomarker of
clinical outcome in bronchiectasis. Serum desmosine levels and sputum neutrophil elastase
activity were measured in 433 patients with confirmed bronchiectasis in the UK. Sputum
neutrophil elastase activity was significantly associated with BSI (r=0.49, p<0.0001) and also
correlated with the MRC dyspnoea score (r=0.34, p<0.0001), FEV1 % pred (r=−0.33,
p<0.0001) and the radiological extent of bronchiectasis (r=0.29, p<0.0001). Elevated
sputum elastase activity was also associated with a higher frequency of exacerbations and
was independently associated with a decline in FEV1 (β-coefficient −0.139, p=0.001).
Sputum elastase activity increased in exacerbations and was responsive to treatment with
antibiotics. This is a potentially encouraging future clinical end-point and several
neutrophil elastase inhibitors have already been evaluated in early phase trials [63, 113].

Induced (using hypertonic saline) and spontaneous sputum cell counts and cytokines have
been used to assess airway inflammation and phenotypes in bronchiectasis patients. Studies
have previously investigated induced versus spontaneous sputum in chronic airways disease,
and concluded that there is no significant difference in the total and differential cell count
[114, 115]. Given the technical skill required for analysis, the associated costs and the
potential safety concerns of bronchospasm, spontaneous sputum appears preferable when
available. Cell count analysis has been used as a clinical end-point in bronchiectasis trials.
In the EMBRACE study, spontaneous sputum neutrophil counts were only mildly
responsive to macrolide treatment with a trend to reduced counts at 6 and 12 months later
[57]. In contrast, an early phase study of a CXCR2 receptor antagonist demonstrated a 69%
reduction in sputum neutrophil counts compared with placebo (p=0.004); however, this
was not associated with an improvement in clinical outcome [67]. In another recent study,
40 patients were enrolled prospectively and were allocated into an eosinophilic phenotype,
neutrophilic phenotype, mixed neutrophilic-eosinophilic and pauci-granulocytic phenotype
based on the sputum cell count differential [101]. Those with the eosinophilic subtype had
higher levels of FeNO, greater bronchodilator reversibility and higher sputum IL-13 levels.
Sputum neutrophilia was associated with more severe bronchiectasis on HRCT and higher
levels of IL-8. Furthering our understanding of inflammatory phenotypes in bronchiectasis
may be highly relevant for the evaluation of future treatments that specifically target
eosinophilic or neutrophilic airway inflammation.

Matrix metalloproteinases (MMPs) are proteolytic enzymes that regulate extra-cellular
matrix; tissue inhibitors of metalloproteinases (TIMP) are also key players in this process.
These could also be used as potential biomarkers and levels can be measured from induced
sputum. TAYLOR et al. [116] found that different MMP types were associated with either
P. aeruginosa or Haemophilus influenzae infection (MMP-8 and MMP-2, respectively). The
MMP to TIMP ratio was also significantly elevated in bronchiectasis patients compared
with healthy controls. There was an inverse correlation between MMP-8 and FEV1 % pred.
The utility of the MMP measurement was reinforced in another study which demonstrated
that lower levels of MMP-9 were associated with reduced risks of and a longer time to first
bronchiectasis exacerbation during follow-up [117]. They also found that MMP-8 and
MMP-9 were significantly increased during the exacerbation.
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Systemic inflammatory analysis

Several interventional studies have used systemic inflammatory markers as secondary
clinical end-points (table 2). These markers include erythrocyte sedimentation rate,
white cell count, C-reactive protein level and procalcitonin level. In clinically stable
bronchiectasis, elevated C-reactive protein and erythrocyte sedimentation rate were associated
with an accelerated decline in lung function [73]. This phenomenon is consistent with
findings of elevated neutrophil count, white cell count and erythrocyte sedimentation rate
correlating with the extent of the disease and worse lung function [118]. However, the
relationship between bronchial and systemic inflammation is unclear and bronchial
inflammation may be partly compartmentalised; accurate assessment may therefore not be
possible with blood sampling [119]. Instead, it has been proposed that systemic inflammatory
markers could be used to assess the responsiveness of interventions in treating acute
exacerbations of bronchiectasis and the severity of the exacerbation [120].

The relationship between the serum desmosine levels and sputum neutrophil elastase
activity has also been investigated. Desmosine levels were correlated with sputum
neutrophil elastase activity and associated with the risk of severe exacerbations but not lung
function decline [112]. In a recent study from 2017, serum albumin and bilirubin levels
were found to be significantly correlated with BSI and FACED severity scores [121].
C-reactive protein and haemoglobin level were also significantly correlated with BSI.
Similarly, higher serum fibrinogen was associated with increased BSI and worse lung
function [122]. These markers have the potential to be used as clinical end-points.

Microbiology

Chronic bacterial airway infection is associated with impaired quality of life and more
frequent exacerbations; it is also a component of BSI, FACED and E-FACED severity
scores. A number of interventional trials have focused on the eradication or clearance of
bacteria as either a primary or secondary clinical end-point [109]. These can be assessed
using either qualitative or quantitative measures. Quantitative bacteriology assesses
bacterial density and is often expressed as CFU·g−1 of sputum, whereas qualitative
bacteriology reports the presence or absence of bacteria in the airway [91]. Bacterial
load and airway inflammation markers have been shown to have a clear relationship,
and exacerbation frequency is increased in those patients with elevated bacterial loads
[123]. Quantitative bacteriology as an end-point has been used in several Phase II
studies [61, 124]. Unfortunately, large reductions in bacterial load, indicating
microbiological efficacy, have not translated into clear clinical benefits in corresponding
Phase III trials [23, 70], suggesting that these end-points are not robust markers of
clinically relevant outcomes.

The lung microbiome is usually comprised of a diverse range of organisms and the
stability of this network is an important component of lung health. Lung microbiome is
assessed using 16S rRNA gene sequencing of sputum samples, which allows assessment
of relative abundances, community structure and diversity of the bacterial taxon [125].
Bacterial diversity has been found to be significantly positively correlated with FEV1 and
LCQ [126]. Secondary analysis of previous macrolide studies has also shown a change in
the microbiome, suggesting its appropriateness as a secondary clinical end-point [127].
Lung microbiome assessment allows the detection of many organisms that are usually
missed with standard investigation; as such, it holds promise for monitoring adverse
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outcomes in clinical trials [1]. Assessment of bacterial diversity and relative abundance
through microbiome analysis provides an interesting potential surrogate end-point in
bronchiectasis trials.

Radiology

Radiological abnormalities are characteristic in bronchiectasis and several scoring systems
have been established. The first of these is the Bhalla score, which was initially established
for CF in 1991 [128]. This score has a maximum value of 25 and is calculated on the basis
of severity and/or extent of nine morphological features. A lower score indicates more
severe radiological bronchiectasis. The more commonly used CT assessment tool is the
modified Reiff score, ranging 0–18. It is based on the number of lobes (maximum of six,
including the lingula) with the severity of the bronchial dilatation compared with the
adjacent vessel [129]. It has been shown that bronchial wall thickening, mucus plugging
and mosaic attenuation are most often associated with poorer prognosis. In a review by
LOEVE et al. [130], CT scores were assessed as meeting all critical requirements for a
surrogate end-point in CF, including disease severity assessment, responsiveness to
treatment, reproducibility and correlation with other validated clinical end-points. In
non-CF bronchiectasis trials, only BILTON et al. [59] used CT scoring as a clinical end-point
and found that mannitol did not result in significant improvements in bronchial dilatation
severity, the extent of bronchiectasis or bronchial wall thickening. There was, however, a
significant difference in small airways mucus plugging with treatment. Given the limited
evidence available to date, the role of CT scoring as a clinical end-point in bronchiectasis is
difficult to evaluate and its responsiveness, including MCIDs, requires further investigation.

More recently, the Bronchiectasis Radiologically Indexed CT Score (BRICS) was created for
patients with post-infective or idiopathic bronchiectasis. The BRICS ranges 0–5 and is derived
from the extent of bronchial dilatation and the number of bronchopulmonary segments with
emphysema, two criteria included in the Bhalla score. The BRICS was validated in six centres
across Europe and was significantly correlated with predicted FEV1, sputum purulence and
hospital admissions [131]. It is yet to be used as a clinical trial end-point.

The use of MRI has been investigated in CF. MRI helps to reduce the risks of ionising
radiation, in comparison with CT scanning. However, no significant trial has used this
method in non-CF bronchiectasis and no validated assessment scoring system has been
established. It has been suggested that functional MRI may be able to depict the spatial
distribution of pulmonary abnormalities and that the global MRI score (which consists of
the morphology score and the perfusion score) may have a role as a surrogate clinical
end-point [132, 133]. The global MRI score was found to be a responsive end-point, as it
increases during CF exacerbations and decreases after antibiotic therapy [132]. It provides a
potentially exciting surrogate end-point for bronchiectasis trials. Scoring systems that
account for functional analysis need to be trialled and validated.

Further considerations for future clinical trials

A relatively recent concept in bronchiectasis is patient phenotypes and their relationship to
clinical outcomes. This is particularly important given that bronchiectasis is a heterogeneous
disease [1]. This heterogeneity has implications for clinical trials when trying to determine
which patients will respond and which relevant clinical end-points should be selected for the
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trial. Using cluster analysis, ALIBERTI et al. [134] were able to allocate European patients into
four groups, characterised by: P. aeruginosa, other chronic infection, daily sputum and dry
bronchiectasis. These cohorts demonstrated significant differences in terms of quality of life,
exacerbations, hospitalisations and mortality over a 3-year follow-up period. Similar cluster
analyses have been performed in China [135] and Spain [136]; however, only limited overlap
in the phenotypic groups was found between the European, Chinese and Spanish studies.
A “frequent exacerbator phenotype” has also been recently proposed [74, 137]. More
research is required to determine the role of phenotypes and perhaps more importantly
the role of endotypes, which are closely aligned to underlying pathophysiological mechanisms
[137]. If the response to any given treatment varies by phenotype or endotype group, limiting
the trial to the relevant group will increase its power by reducing heterogeneity. Selecting a
relevant end-point with greater responsiveness in a group will likewise increase power by
increasing the detectable effect size. It needs to be assessed whether these improvements
in power can offset the slower recruitment in the group. There is a clear need for a better
understanding of the complex pathophysiology and epidemiology of bronchiectasis to
facilitate the design of new clinical trials.

Study statistical power and sample size are potentially problematic for clinical trials in
bronchiectasis where the prevalence of the disease is considerably lower than for other
respiratory conditions, such as COPD and asthma. Hence, clinical trials in the
bronchiectasis population have typically been small and required large effect sizes to
demonstrate treatment benefits. The RESPIRE 1 and RESPIRE 2 studies were both
considered to be “large” trials, with >400 patients randomised in each trial [22, 23].
However, these studies were significantly underpowered because event rates (exacerbations)
were substantially lower than anticipated. An inclusion criterion of a documented
exacerbation in the past year is often used to enrich the population with participants who
are more likely to exacerbate. Despite requiring two exacerbations in the past year, both
RESPIRE studies still had low event rates. The definition of prior exacerbations, however,
was not clearly defined and the authors cautioned that a more stringent definition should
be considered for future trials [23].

Another important consideration when designing a clinical trial in bronchiectasis is whether
patients should be kept on macrolide therapy. Several studies have shown that macrolides
significantly reduce exacerbation frequency [57, 58, 62]. Although these studies were relatively
small, the magnitude of the effect of macrolides on exacerbations (perhaps fortuitously) was
such that efficacy was demonstrated with samples sizes of up to 141. It is therefore likely that
clinical trials that allow the inclusion of chronic macrolide use by participants will have lower
event rates than expected. Chronic macrolide users have comprised 6–30% of participants in
recent major clinical trials [21–23, 64, 65]. Future clinical trials that allow the inclusion of
participants taking long-term macrolides should ideally account for fewer exacerbations when
calculating sample sizes. Alternatively, patients on long-term macrolides could stop macrolide
therapy and allow a washout period when recruiting patients.

Many reasons exist for undertaking studies that may be underpowered, and we live in an
imperfect world with limited resources. However, there are robust reasons for performing
clinical trials that are likely to provide reliable results [138]. In the past few years, great
progress has been made in our understanding of bronchiectasis and the development of
international registries and international collaborations. Therefore, it is possible to envisage
much larger and conservatively powered clinical trials in bronchiectasis that will maximise
the chance of accurately answering key therapeutic questions in the future.
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Choosing a clinical end-point for bronchiectasis trials

We have reviewed a wide variety of clinical end-points used in bronchiectasis trials. These
have included some that are well-established and others that may have significant potential.
Tailoring these clinical end-points, whether they are patient-related or surrogate outcomes,
is an important consideration when designing a clinical trial, and the choice should be
based on the scope, purpose and anticipated treatment effect of the intervention.

Exacerbation frequency and the time to first exacerbation are the most important efficacy
end-points in bronchiectasis trials but have been variably defined in studies to-date. Both
end-points are valid, but we prefer exacerbation frequency (rate) because it encompasses all
clinical trial data for each participant. A recent European Respiratory Society (ERS)
consensus definition will help to standardise methodologies in clinical trials but has yet to
be validated [36]. Independent adjudication of exacerbations is advocated to reduce both
internal and external bias.

HRQoL assessments are important clinical outcomes that provide a whole-patient
perspective. They have been validated for use in bronchiectasis, and the SGRQ, LCQ and
QoL-B have calculated MCIDs. The SGRQ is preferred when dyspnoea is a focus for
intervention; the LCQ is preferred for cough as a symptom. Both QoL-B and BHQ have
been specifically developed for bronchiectasis but experience is required to fully understand
their value as clinical trial end-points. To facilitate knowledge in this area we recommend
that at least two HRQoL assessments be included in efficacy trials.

Several bronchiectasis clinical trial end-points do not have validated MCIDs. Future work
on determining these will strengthen the use of these end-points and ensure that the
changes observed in clinical trials are relevant and meaningful for patients.

As our understanding of bronchiectasis deepens, it is hoped that these clinical end-points
can be used effectively for the development and establishment of new treatment options for
bronchiectasis.

References

1. Chalmers JD, Loebinger M, Aliberti S. Challenges in the development of new therapies for bronchiectasis. Expert
Opin Pharmacother 2015; 16: 833–850.

2. Chalmers JD. Bronchiectasis trials: losing the battle but winning the war? Lancet Respir Med 2014; 2: 679–681.
3. Quint JK, Millett ER, Joshi M, et al. Changes in the incidence, prevalence and mortality of bronchiectasis in the

UK from 2004 to 2013: a population-based cohort study. Eur Respir J 2016; 47: 186–193.
4. Polverino E, Cacheris W, Spencer C, et al. Global burden of non-cystic fibrosis bronchiectasis: a simple

epidemiological analysis. Eur Respir J 2012; 40: Suppl. 56, P3983.
5. Redondo M, Keyt H, Dhar R, et al. Global impact of bronchiectasis and cystic fibrosis. Breathe 2016; 12: 222.
6. Chalmers JD, Chotirmall SH. Bronchiectasis: new therapies and new perspectives. Lancet Respir Med 2018; in

press [DOI: 10.1016/S2213-2600(18)30053-5].
7. Colburn W, DeGruttola VG, DeMets DL, et al. Biomarkers and surrogate endpoints: preferred definitions and

conceptual framework. Biomarkers Definitions Working Group. Clin Pharmacol Ther 2001; 69: 89–95.
8. De Gruttola VG, Clax P, DeMets DL, et al. Considerations in the evaluation of surrogate endpoints in clinical

trials: summary of a National Institutes of Health workshop. Contemp Clin Trials 2001; 22: 485–502.
9. Prentice RL. Surrogate endpoints in clinical trials: definition and operational criteria. Stat Med 1989; 8: 431–440.
10. Hanson B. The art of choosing sound study endpoints. Injury 2008; 39: 656–658.
11. Singer AJ, Thode HC, Hollander JE. Research fundamentals: selection and development of clinical outcome

measures. Acad Emerg Med 2000; 7: 397–401.

https://doi.org/10.1183/2312508X.10015717 127

CLINICAL TRIAL END-POINTS | W.R. GOOD ET AL.



12. Rosenfeld M. An overview of endpoints for cystic fibrosis clinical trials: one size does not fit all. Proc Am Thorac
Soc 2007; 4: 299–301.

13. Colburn WA. Optimizing the use of biomarkers, surrogate endpoints, and clinical endpoints for more efficient
drug development. J Clin Pharmacol 2000; 40: 1419–1427.

14. Kiley JP, Sri Ram J, Croxton TL, et al. Challenges associated with estimating minimal clinically important
differences in COPD – the NHLBI perspective. Chronic Obstr Pulm Dis 2005; 2: 43–46.

15. O’Neill RT. Secondary endpoints cannot be validly analyzed if the primary endpoint does not demonstrate clear
statistical significance. Control Clin Trials 1997; 18: 550–556.

16. Martínez-García M-A, de la Rosa Carrillo D, Soler-Cataluña J-J, et al. Prognostic value of bronchiectasis in
patients with moderate-to-severe chronic obstructive pulmonary disease. Am J Respir Crit Care Med 2013; 187:
823–831.

17. Mao B, Yang JW, Lu HW, et al. Asthma and bronchiectasis exacerbation. Eur Respir J 2016; 47: 1680–1686.
18. Goeminne PC, Nawrot TS, Ruttens D, et al. Mortality in non-cystic fibrosis bronchiectasis: a prospective cohort

analysis. Respir Med 2014; 108: 287–296.
19. Swinson D, Symmons D, Suresh U, et al. Decreased survival in patients with co-existent rheumatoid arthritis and

bronchiectasis. Br J Rheumatol 1997; 36: 689–691.
20. McDonnell MJ, Aliberti S, Goeminne PC, et al. Comorbidities and the risk of mortality in patients with

bronchiectasis: an international multicentre cohort study. Lancet Respir Med 2016; 4: 969–979.
21. Barker AF, O’Donnell AE, Flume P, et al. Aztreonam for inhalation solution in patients with non-cystic fibrosis

bronchiectasis (AIR-BX1 and AIR-BX2): two randomised double-blind, placebo-controlled phase 3 trials. Lancet
Respir Med 2014; 2: 738–749.

22. De Soyza A, Aksamit T, Bandel T-J, et al. RESPIRE 1: a phase III placebo-controlled randomised trial of
ciprofloxacin dry powder for inhalation in non-cystic fibrosis bronchiectasis. Eur Respir J 2018; 51: 1702052.

23. Aksamit T, De Soyza A, Bandel T-J, et al. RESPIRE 2: a phase III placebo-controlled randomised trial of
ciprofloxacin dry powder for inhalation in non-cystic fibrosis bronchiectasis. Eur Respir J 2018; 51: 1702053.

24. Haworth CS, Johnson C, Aliberti S, et al. Management of bronchiectasis in Europe: data from the European
bronchiectasis registry (EMBARC). Eur Respir J 2016; 48: Suppl. 60, OA273.

25. Aksamit TR, O’Donnell AE, Barker A, et al. Adult patients with bronchiectasis: a first look at the US
Bronchiectasis Research Registry. Chest 2017; 151: 982–992.

26. Guan WJ, Gao Yh, Xu G, et al. Aetiology of bronchiectasis in Guangzhou, southern China. Respirol 2015; 20:
739–748.

27. Dhar R, Mohan M, D’souza G, et al. Phenotype characterization of non cystic fibrosis bronchiectasis in India:
baseline data from an Indian Bronchiectasis Registry. Am J Respir Crit Care Med 2017; 195: A4726.

28. Chotirmall SH, Chalmers JD. RESPIRE: breathing new life into bronchiectasis. Eur Respir J 2018; 51: 1702444.
29. Barker AF, Couch L, Fiel SB, et al. Tobramycin solution for inhalation reduces sputum Pseudomonas aeruginosa

density in bronchiectasis. Am J Respir Crit Care Med 2000; 162: 481–485.
30. O’Donnell AE, Barker AF, Ilowite JS, et al. Treatment of idiopathic bronchiectasis with aerosolized recombinant

human DNase I. Chest 1998; 113: 1329–1334.
31. Chalmers JD, Goeminne P, Aliberti S, et al. The bronchiectasis severity index. An international derivation and

validation study. Am J Respir Crit Care Med 2014; 189: 576–585.
32. Martínez-García MÁ, de Gracia J, Relat MV, et al. Multidimensional approach to non-cystic fibrosis

bronchiectasis: the FACED score. Eur Respir J 2014; 43: 1357–1367.
33. Ellis HC, Cowman S, Fernandes M, et al. Predicting mortality in bronchiectasis using bronchiectasis severity

index and FACED scores: a 19-year cohort study. Eur Respir J 2016; 47: 482–489.
34. Martinez-Garcia MA, Athanazio RA, Giron R, et al. Predicting high risk of exacerbations in bronchiectasis: the

E-FACED score. Int J Chron Obstruct Pulmon Dis 2017; 12: 275–284.
35. McDonnell MJ, Aliberti S, Goeminne PC, et al. Multidimensional severity assessment in bronchiectasis: an

analysis of seven European cohorts. Thorax 2016; 71: 1110–1118.
36. Hill AT, Haworth CS, Aliberti S, et al. Pulmonary exacerbation in adults with bronchiectasis: a consensus

definition for clinical research. Eur Respir J 2017; 49: 1700051.
37. Lee AL, Holland AE. Pulmonary rehabilitation in bronchiectasis. In: Chalmers J, Polverino E, Aliberti S.

Bronchiectasis. Switzerland, Springer, 2018; pp. 285–305.
38. Spinou A, Fragkos KC, Lee KK, et al. The validity of health-related quality of life questionnaires in bronchiectasis:

a systematic review and meta-analysis. Thorax 2016; 71: 683–694.
39. Spinou A, Lee KK, Sinha A, et al. The objective assessment of cough frequency in bronchiectasis. Lung 2017; 195:

575–585.
40. Lee A, Hill C, Cecins N, et al. Minimal important difference in field walking tests in non-cystic fibrosis

bronchiectasis following exercise training. Respir Med 2014; 108: 1303–1309.
41. Goeminne PC, Vandooren J, Moelants EA, et al. The Sputum Colour Chart as a predictor of lung inflammation,

proteolysis and damage in non-cystic fibrosis bronchiectasis: a case-control analysis. Respirol 2014; 19: 203–210.

128 https://doi.org/10.1183/2312508X.10015717

ERS MONOGRAPH | BRONCHIECTASIS



42. Currie D, Garbett N, Chan K, et al. Double blind randomized study of prolonged higher-dose oral amoxycillin in
purulent bronchiectasis. QJM 1990; 76: 799–816.

43. Orriols R, Roig J, Ferrer J, et al. Inhaled antibiotic therapy in non-cystic fibrosis patients with bronchiectasis and
chronic bronchial infection by Pseudomonas aeruginosa. Respir Med 1999; 93: 476–480.

44. Cymbala AA, Edmonds LC, Bauer MA, et al. The disease-modifying effects of twice-weekly oral azithromycin in
patients with bronchiectasis. Treat Respir Med 2005; 4: 117–122.

45. Drobnic ME, Suñé P, Montoro JB, et al. Inhaled tobramycin in non-cystic fibrosis patients with bronchiectasis
and chronic bronchial infection with Pseudomonas aeruginosa. Ann Pharmacother 2005; 39: 39–44.

46. Newall C, Stockley RA, Hill SL. Exercise training and inspiratory muscle training in patients with bronchiectasis.
Thorax 2005; 60: 943–948.

47. Tsang K, Tan K, Ho P, et al. Inhaled fluticasone in bronchiectasis: a 12 month study. Thorax 2005; 60: 239–243.
48. Martínez-García MA, Perpiñá-Tordera M, Román-Sánchez P, et al. Inhaled steroids improve quality of life in

patients with steady-state bronchiectasis. Respir Med 2006; 100: 1623–1632.
49. Murray MP, Pentland JL, Hill AT. A randomised crossover trial of chest physiotherapy in non-cystic fibrosis

bronchiectasis. Eur Respir J 2009; 34: 1086–1092.
50. Figueiredo PH, Zin WA, Guimarães FS. Flutter valve improves respiratory mechanics and sputum production in

patients with bronchiectasis. Physiother Res Int 2012; 17: 12–20.
51. Kellett F, Robert NM. Nebulised 7% hypertonic saline improves lung function and quality of life in

bronchiectasis. Respir Med 2011; 105: 1831–1835.
52. Murray MP, Govan JR, Doherty CJ, et al. A randomized controlled trial of nebulized gentamicin in non–cystic

fibrosis bronchiectasis. Am J Respir Crit Care Med 2011; 183: 491–499.
53. Hernando R, Drobnic ME, Cruz MJ, et al. Budesonide efficacy and safety in patients with bronchiectasis not due

to cystic fibrosis. Int J Clin Pharm 2012; 34: 644–650.
54. Lee AL, Hill CJ, Cecins N, et al. The short and long term effects of exercise training in non-cystic fibrosis

bronchiectasis – a randomised controlled trial. Respir Res 2014; 15: 44.
55. Mandal P, Sidhu M, Kope L, et al. A pilot study of pulmonary rehabilitation and chest physiotherapy versus chest

physiotherapy alone in bronchiectasis. Respir Med 2012; 106: 1647–1654.
56. Martínez-García MÁ, Soler-Cataluña JJ, Catalán-Serra P, et al. Clinical efficacy and safety of

budesonide-formoterol in non-cystic fibrosis bronchiectasis. Chest 2012; 141: 461–468.
57. Wong C, Jayaram L, Karalus N, et al. Azithromycin for prevention of exacerbations in non-cystic fibrosis

bronchiectasis (EMBRACE): a randomised, double-blind, placebo-controlled trial. Lancet 2012; 380: 660–667.
58. Altenburg J, de Graaff CS, Stienstra Y, et al. Effect of azithromycin maintenance treatment on infectious

exacerbations among patients with non–cystic fibrosis bronchiectasis: the BAT randomized controlled trial. JAMA
2013; 309: 1251–1259.

59. Bilton D, Daviskas E, Anderson SD, et al. Phase 3 randomized study of the efficacy and safety of inhaled dry powder
mannitol for the symptomatic treatment of non-cystic fibrosis bronchiectasis. Chest 2013; 144: 215–225.

60. Diego AD, Milara J, Martinez-Moragón E, et al. Effects of long-term azithromycin therapy on airway oxidative
stress markers in non-cystic fibrosis bronchiectasis. Respirol 2013; 18: 1056–1062.

61. Serisier DJ, Bilton D, De Soyza A, et al. Inhaled, dual release liposomal ciprofloxacin in non-cystic fibrosis
bronchiectasis (ORBIT-2): a randomised, double-blind, placebo-controlled trial. Thorax 2013; 68: 812–817.

62. Serisier DJ, Martin ML, McGuckin MA, et al. Effect of long-term, low-dose erythromycin on pulmonary
exacerbations among patients with non–cystic fibrosis bronchiectasis: the BLESS randomized controlled trial.
JAMA 2013; 309: 1260–1267.

63. Stockley R, De Soyza A, Gunawardena K, et al. Phase II study of a neutrophil elastase inhibitor (AZD9668) in
patients with bronchiectasis. Respir Med 2013; 107: 524–533.

64. Bilton D, Tino G, Barker AF, et al. Inhaled mannitol for non-cystic fibrosis bronchiectasis: a randomised,
controlled trial. Thorax 2014; 69: 1073–1079.

65. Haworth CS, Foweraker JE, Wilkinson P, et al. Inhaled colistin in patients with bronchiectasis and chronic
Pseudomonas aeruginosa infection. Am J Respir Crit Care Med 2014; 189: 975–982.

66. Mandal P, Chalmers JD, Graham C, et al. Atorvastatin as a stable treatment in bronchiectasis: a randomised
controlled trial. Lancet Respir Med 2014; 2: 455–463.

67. De Soyza A, Pavord I, Elborn JS, et al. A randomised, placebo-controlled study of the CXCR2 antagonist
AZD5069 in bronchiectasis. Eur Respir J 2015; 46: 1021–1032.

68. Orriols R, Hernando R, Ferrer A, et al. Eradication therapy against Pseudomonas aeruginosa in non-cystic fibrosis
bronchiectasis. Respiration 2015; 90: 299–305.

69. Bedi P, Chalmers JD, Graham C, et al. A randomized controlled trial of atorvastatin in patients with
bronchiectasis infected with Pseudomonas aeruginosa: a proof of concept study. Chest 2017; 152: 368–378

70. Haworth C, Wanner A, Froehlich J, et al. Inhaled liposomal ciprofloxacin in patients with bronchiectasis and
chronic Pseudomonas aeruginosa infection: results from two parallel phase III trials (ORBIT-3 and-4). Am J
Respir Crit Care Med 2017; 195: A7604.

https://doi.org/10.1183/2312508X.10015717 129

CLINICAL TRIAL END-POINTS | W.R. GOOD ET AL.



71. Wong C, Chang C, Lewis C, et al. Tiotropium treatment for bronchiectasis (ROBUST): a randomized,
placebo-controlled, crossover trial. Eur Respir J 2017; 50: Suppl. 61, PA1809.

72. Polverino E, Goeminne PC, McDonnell MJ, et al. European Respiratory Society guidelines for the management of
adult bronchiectasis. Eur Respir J 2017; 50: 1700629.

73. Martínez-García MA, Soler-Cataluna J-J, Perpiñá-Tordera M, et al. Factors associated with lung function decline
in adult patients with stable non-cystic fibrosis bronchiectasis. Chest 2007; 132: 1565–1572.

74. Chalmers JD, Aliberti S, Filonenko A, et al. Characterisation of the “frequent exacerbator phenotype” in
bronchiectasis. Am J Respir Crit Care Med 2018; 197: 1410–1420.

75. Martínez-García MA, Máiz-Carro L. The challenge of defining exacerbation in bronchiectasis. Eur Respir J 2017;
49: 1700700.

76. Aaron SD, Fergusson D, Marks GB, et al. Counting, analysing and reporting exacerbations of COPD in
randomised controlled trials. Thorax 2008; 63: 122–128.

77. Reddel HK, Taylor DR, Bateman ED, et al. An official American Thoracic Society/European Respiratory Society
statement: asthma control and exacerbations: standardizing endpoints for clinical asthma trials and clinical
practice. Am J Respir Crit Care Med 2009; 180: 59–99.

78. Lauer MS, Blackstone EH, Young JB, et al. Cause of death in clinical research: time for a reassessment? J Am Coll
Cardiol 1999; 34: 618–620.

79. Black WC, Haggstrom DA, Gilbert Welch H. All-cause mortality in randomized trials of cancer screening. Natl
Cancer Inst 2002; 94: 167–173.

80. McGarvey LP, John M, Anderson JA, et al. Ascertainment of cause-specific mortality in COPD: operations of the
TORCH Clinical Endpoint Committee. Thorax 2007; 62: 411–415.

81. Olveira C, Martínez-García MA. Health-related quality of life questionnaires in bronchiectasis: the simplest way
to quantify complexity. Eur Respir J 2017; 49: 1700208.

82. Jones PW, Quirk FH, Baveystock CM, et al. A self-complete measure of health status for chronic airflow
limitation. Am Rev Respir Dis 1992; 145: 1321–1327.

83. Wilson CB, Jones PW, O’LEARY CJ, et al. Validation of the St. George’s Respiratory Questionnaire in
bronchiectasis. Am J Respir Crit Care Med 1997; 156: 536–541.

84. Murray M, Turnbull K, MacQuarrie S, et al. Validation of the Leicester Cough Questionnaire in non-cystic
fibrosis bronchiectasis. Eur Respir J 2009; 34: 125–131.

85. Munoz G, Buxo M, de Gracia J, et al. Validation of a Spanish version of the Leicester Cough Questionnaire in
non-cystic fibrosis bronchiectasis. Chron Respir Dis 2016; 13: 128–136.

86. Quittner AL, O’Donnell AE, Salathe MA, et al. Quality of Life Questionnaire-Bronchiectasis: final psychometric
analyses and determination of minimal important difference scores. Thorax 2015; 70: 12–20.

87. Spinou A, Siegert RJ, Guan W-j, et al. The development and validation of the bronchiectasis health questionnaire.
Eur Respir J 2017; 49: 1601532.

88. Morice A, Fontana G, Belvisi M, et al. ERS guidelines on the assessment of cough. Eur Respir J 2007; 29:
1256–1276.

89. Witek T, Mahler D. Minimal important difference of the transition dyspnoea index in a multinational clinical
trial. Eur Respir J 2003; 21: 267–272.

90. Maselli DJ, Restrepo MI. Clinical aspects. In: Chalmers J, Polverino E, Aliberti S. Bronchiectasis. Switzerland,
Springer, 2018; pp. 39–49.

91. Smith MP, Hill AT. Evaluating success of therapy for bronchiectasis: what end points to use? Clin Chest Med
2012; 33: 329–349.

92. Brill SE, Patel AR, Singh R, et al. Lung function, symptoms and inflammation during exacerbations of non-cystic
fibrosis bronchiectasis: a prospective observational cohort study. Respir Res 2015; 16: 16.

93. Guan WJ, Yuan JJ, Gao YH, et al. Maximal mid-expiratory flow is a surrogate marker of lung clearance index for
assessment of adults with bronchiectasis. Sci Rep 2016; 6: 28467.

94. McDonnell MJ, O’Mahony M, Breen D, et al. P267 Dlco predicts disease severity and mortality in bronchiectasis.
Thorax 2016; 71: A233.

95. Hill AT, Flume PA. Lung clearance index. A potential quantitative tool to assess treatment response in
bronchiectasis? Am J Respir Crit Care Med 2014; 189: 510–511.

96. Horsley AR, Gustafsson PM, Macleod K, et al. Lung clearance index is a sensitive, repeatable and practical
measure of airways disease in adults with cystic fibrosis. Thorax 2008; 63: 135–140.

97. Subbarao P, Stanojevic S, Brown M, et al. Lung clearance index as an outcome measure for clinical trials in young
children with cystic fibrosis. A pilot study using inhaled hypertonic saline. Am J Respir Crit Care Med 2013; 188:
456–460.

98. Rowan SA, Bradley JM, Bradbury I, et al. Lung clearance index is a repeatable and sensitive indicator of
radiological changes in bronchiectasis. Am J Respir Crit Care Med 2014; 189: 586–592.

99. Grillo L, Irving S, Hansell DM, et al. The reproducibility and responsiveness of the lung clearance index in
bronchiectasis. Eur Respir J 2015; 46: 1645–1653.

130 https://doi.org/10.1183/2312508X.10015717

ERS MONOGRAPH | BRONCHIECTASIS



100. Shoemark A, Devaraj A, Meister M, et al. Elevated peripheral airway nitric oxide in bronchiectasis reflects disease
severity. Respir Med 2011; 105: 885–891.

101. Tsikrika S, Dimakou K, Papaioannou AI, et al. The role of non-invasive modalities for assessing inflammation in
patients with non-cystic fibrosis bronchiectasis. Cytokine 2017; 99: 281–286.

102. Cartlidge MK, Hill AT. S45 Validation of the incremental shuttle walk test as a clinical endpoint in bronchiectasis.
Thorax 2017; 72: A30–A31.

103. Garvey C, Boylan AM, Miller DL, et al. Field walking tests in chronic respiratory disease. Ann Am Thorac Soc
2015; 12: 446–447.

104. Lee A, Cecins N, Holland A, et al. Field walking tests are reliable and responsive to exercise training in people
with non-cystic fibrosis bronchiectasis. J Cardiopulm Rehabil Prev 2015; 35: 439–445.

105. Stockley RA, Bayley D, Hill SL, et al. Assessment of airway neutrophils by sputum colour: correlation with
airways inflammation. Thorax 2001; 56: 366–372.

106. Murray MP, Pentland JL, Turnbull K, et al. Sputum colour: a useful clinical tool in non-cystic fibrosis
bronchiectasis. Eur Respir J 2009; 34: 361–364.

107. Valery PC, Morris PS, Byrnes CA, et al. Long-term azithromycin for Indigenous children with non-cystic-fibrosis
bronchiectasis or chronic suppurative lung disease (Bronchiectasis Intervention Study): a multicentre,
double-blind, randomised controlled trial. Lancet Respir Med 2013; 1: 610–620.

108. Lochrin A, Wood L, Gibson P, et al. Bronko Test® sputum colour as a marker of neutrophilic bronchitis in adults
with asthma. Am J Respir Crit Care Med 2016; 193: A1440.

109. Welsh EJ, Evans DJ, Fowler SJ, et al. Interventions for bronchiectasis: an overview of Cochrane systematic reviews.
Cochrane Database Syst Rev 2015; 7: CD010337.

110. Gaga M, Bentley AM, Humbert M, et al. Increases in CD4+ T lymphocytes, macrophages, neutrophils and
interleukin 8 positive cells in the airways of patients with bronchiectasis. Thorax 1998; 53: 685–691.

111. Dente FL, Bilotta M, Bartoli ML, et al. Neutrophilic bronchial inflammation correlates with clinical and
functional findings in patients with noncystic fibrosis bronchiectasis. Mediators Inflamm 2015; 2015: 642503.

112. Chalmers JD, Moffitt KL, Suarez-Cuartin G, et al. Neutrophil elastase activity is associated with exacerbations and
lung function decline in bronchiectasis. Am J Respir Crit Care Med 2017; 195: 1384–1393.

113. Watz H, Pedersen F, Kirsten A, et al. Safety and tolerability of the NE inhibitor BAY 85–8501 in patients with
non-CF bronchiectasis. Eur Respir J 2016; 48: Suppl. 60, PA4088.

114. Nair P. Update on clinical inflammometry for the management of airway diseases. Can Respir J 2013; 20: 117–120.
115. Bhowmik A, Seemungal T, Sapsford R, et al. Comparison of spontaneous and induced sputum for investigation of

airway inflammation in chronic obstructive pulmonary disease. Thorax 1998; 53: 953–956.
116. Taylor SL, Rogers GB, Chen AC, et al. Matrix metalloproteinases vary with airway microbiota composition and

lung function in non-cystic fibrosis bronchiectasis. Ann Am Thorac Soc 2015; 12: 701–707.
117. Wj Guan, Yh Gao, Xu G, et al. Sputum matrix metalloproteinase-8 and-9 and tissue inhibitor of

metalloproteinase-1 in bronchiectasis: clinical correlates and prognostic implications. Respirol 2015; 20: 1073–1081.
118. Wilson CB, Jones PW, O’Leary CJ, et al. Systemic markers of inflammation in stable bronchiectasis. Eur Respir J

1998; 12: 820–824.
119. Angrill J, Agusti C, DE CELIS R, et al. Bronchial inflammation and colonization in patients with clinically stable

bronchiectasis. Am J Respir Crit Care Med 2001; 164: 1628–1632.
120. Guan WJ, Gao YH, Xu G, et al. Inflammatory responses, spirometry, and quality of life in subjects with

bronchiectasis exacerbations. Respir Care 2015; 60: 1180–1189.
121. Lee SJ, Kim H-J, Kim J-Y, et al. Serum albumin and disease severity of non-cystic fibrosis bronchiectasis. Respir

Care 2017; 62: 1075–1084.
122. Saleh AD, Chalmers JD, De Soyza A, et al. The heterogeneity of systemic inflammation in bronchiectasis. Respir

Med 2017; 127: 33–39.
123. Chalmers JD, Smith MP, McHugh BJ, et al. Short-and long-term antibiotic treatment reduces airway and systemic

inflammation in non–cystic fibrosis bronchiectasis. Am J Respir Crit Care Med 2012; 186: 657–665.
124. Wilson R, Welte T, Polverino E, et al. Ciprofloxacin dry powder for inhalation in non-cystic fibrosis

bronchiectasis: a phase II randomised study. Eur Respir J 2013; 41: 1107–1115.
125. Moffatt MF, Cookson WO. The lung microbiome in health and disease. Clin Med 2017; 17: 525–529.
126. Rogers GB, van der Gast CJ, Cuthbertson L, et al. Clinical measures of disease in adult non-CF bronchiectasis

correlate with airway microbiota composition. Thorax 2013; 68: 731–737.
127. Rogers GB, van der Gast CJ, Serisier DJ. Predominant pathogen competition and core microbiota divergence in

chronic airway infection. Isme J 2015; 9: 217–225.
128. Bhalla M, Turcios N, Aponte V, et al. Cystic fibrosis: scoring system with thin-section CT. Radiol 1991; 179: 783–788.
129. Reiff DB, Wells AU, Carr DH, et al. CT findings in bronchiectasis: limited value in distinguishing between

idiopathic and specific types. AJR Am J Roentgenol 1995; 165: 261–267.
130. Loeve M, Krestin GP, Rosenfeld M, et al. Chest computed tomography: a validated surrogate endpoint of cystic

fibrosis lung disease? Eur Respir J 2013; 42: 844–857.

https://doi.org/10.1183/2312508X.10015717 131

CLINICAL TRIAL END-POINTS | W.R. GOOD ET AL.



131. Bedi P, Chalmers JD, Goeminne PC, et al. The BRICS (Bronchiectasis Radiologically Indexed CT Score): a
multicenter study score for use in idiopathic and postinfective bronchiectasis. Chest 2018; 153: 1177–1186.

132. Wielputz MO, Puderbach M, Kopp-Schneider A, et al. Magnetic resonance imaging detects changes in structure
and perfusion, and response to therapy in early cystic fibrosis lung disease. Am J Respir Crit Care Med 2014; 189:
956–965.

133. Nagle SK, Puderbach M, Eichinger M, et al. Magnetic resonance imaging of the lung: cystic fibrosis. 2017.
134. Aliberti S, Lonni S, Dore S, et al. Clinical phenotypes in adult patients with bronchiectasis. Eur Respir J 2016; 47:

1113–1122.
135. Guan W, Jiang M, Gao Y, et al. Unsupervised learning technique identifies bronchiectasis phenotypes with

distinct clinical characteristics. Int J Tuberc Lung Dis 2016; 20: 402–410.
136. Martínez-García MÁ, Vendrell M, Girón R, et al. The multiple faces of non-cystic fibrosis bronchiectasis. A

cluster analysis approach. Ann Am Thorac Soc 2016; 13: 1468–1475.
137. Chalmers JD. Bronchiectasis: phenotyping a complex disease. COPD 2017; 14: Supp1. 1, S12–S18.
138. Button KS, Ioannidis JP, Mokrysz C, et al. Power failure: why small sample size undermines the reliability of

neuroscience. Nat Rev Neurosci 2013; 14: 365.

Disclosures: None declared.

Support statement: This review was funded by the Health Research Council of New Zealand.

132 https://doi.org/10.1183/2312508X.10015717

ERS MONOGRAPH | BRONCHIECTASIS



| Chapter 8

Phenotypes and endotypes
James D. Chalmers

Phenotypes refer to observable characteristics in patients that link to meaningful clinical outcomes
while endotypes refer to distinct biological mechanisms that may link to clinical phenotype,
clinical outcomes or treatment response. Phenotyping and endotyping could be extremely
useful in cutting through the heterogeneity of bronchiectasis and leading to personalised
treatment. These approaches are at an early stage but this chapter reviews the progress made
to date and the potential to implement stratified approaches into clinical practice in future.
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Bronchiectasis (ERS Monograph). Sheffield, European Respiratory Society, 2018; pp. 133–152 [https://doi.
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Phenotyping and endotyping are at an early stage in bronchiectasis, but the
heterogeneous nature of the condition means that it is essential that progress is made
in defining the biological pathways leading to airway inflammation and disease
progression http://ow.ly/Yva330ksJkB

It is often said that the most challenging aspect of bronchiectasis management is the
heterogeneity of the disease [1–3]. Bronchiectasis is a final common pathway for

multiple disorders with diverse pathophysiology, including autoimmune, allergic, infective,
degenerative, congenital/genetic and environmental disorders [4, 5]. It is not surprising,
therefore, that while most patients with bronchiectasis share similar clinical symptoms,
such as cough, sputum production and recurrent infections, the clinical presentation varies
markedly. Patients have highly diverse radiological and microbiological patterns, and
prognosis can be very different among different patient groups [6–9].

While discussion of the heterogeneity of bronchiectasis often, naturally, focusses on the
underlying cause, it should be noted that there can be remarkable variation in the clinical
presentation and course of patients with the same aetiology. A patient with idiopathic
bronchiectasis can have single-lobe cylindrical bronchiectasis with mild sputum production,
occasional haemoptysis and frequent exacerbations, while a patient of similar age also with
idiopathic bronchiectasis might have severe bilateral cystic bronchiectasis, copious sputum
production and poor quality of life but may rarely exacerbate [9–12]. This diversity, which
cannot currently be explained by underlying cause, necessitates a broader consideration of
how patients with bronchiectasis are evaluated.
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This leads to the concept of bronchiectasis phenotypes and endotypes. Phenotypes are most
widely defined a set of observable characteristics of an individual resulting from the
interaction of its genotype with the environment, while an endotype refers to a subtype of a
condition defined by a distinct functional or pathobiological mechanism. In the context of
COPD, HAN et al. [13] refined the definition of phenotype for use in COPD research as “a
single or combination of disease attributes that describe differences between individuals
with COPD as they relate to clinically meaningful outcomes (symptoms, exacerbations,
response to therapy, rate of disease progression, or death)”.

How can we use the concept of phenotypes and endotypes in
bronchiectasis?

Phenotypes, as defined above, are potentially very useful for the evaluation of
bronchiectasis but should be carefully considered. For example, a patient may present with
increasing cough and sputum production as a result of a pulmonary exacerbation, and this
may lead to a clinically meaningful outcome (hospitalisation for example), but it is not a
phenotype. Rather, an exacerbation is an event in the natural history of the disease.
Therefore, how do we define “disease attributes” in the phenotype definition?

Simply put, these should be measurable or observable characteristics that are stable over
time or are at least observable for a sufficient period of time to be useful for disease
stratification or therapeutic targeting (figure 1).

How does endotyping link to phenotyping? In figure 1, I give the example of the “frequent
exacerbator” phenotype that has recently been described in bronchiectasis [14]. Frequent

Endotypes:
biological mechanisms

Phenotypes:
observable characteristics

Bronchiectasis
patient population

Figure 1. Illustration of how phenotyping and endotyping can assist clinical decision making. The
bronchiectasis patient population is composed of multiple different phenotypes and endotypes (each
individual colour represents a different endotype). Narrowing the population to a phenotype (e.g. frequent
exacerbators) reduces the number of individual endotypes, thereby reducing heterogeneity. Further
reducing this by endotyping (e.g. using a biomarker or gene) allows small subgroups to be identified that
may respond best to an individualised therapy.

134 https://doi.org/10.1183/2312508X.10017118

ERS MONOGRAPH | BRONCHIECTASIS



exacerbations are an observable characteristic of the disease, in that exacerbation frequency can
be measured and the events can be objectively defined to some degree [15]. There
may, however, be multiple underlying pathobiological mechanisms leading to exacerbation
[16–18]. As shown in figure 1, a single phenotype could be associated with multiple endotypes.
The extension of this model of disease understanding is that patients with apparently similar
characteristics might require different treatment because of different underlying pathobiology.

In the following sections, I will discuss proposed bronchiectasis phenotypes and endotypes,
and how knowledge of these may assist clinical decision making, and speculate on possible
underlying pathobiological mechanisms.

Aetiology-associated phenotypes and endotypes

The underlying causes of bronchiectasis are addressed elsewhere in this Monograph.
Nevertheless, a discussion of phenotyping must take into account that different clinical
characteristics may be associated with different aetiologies.

Table 1 shows a summary of clinical features linked to particular aetiologies. Idiopathic and
post-infective aetiologies are not included as these have a nonspecific clinical presentation,
presenting at any age, with almost any radiological pattern and with pathogenic
microorganisms isolated from sputum. There is also no specific treatment recommended
for these aetiologies.

Universal phenotypes

Up to 80% of patients with bronchiectasis are classified as idiopathic and post-infective, and
so for the majority of patients, the aetiology is not the dominant phenotypic determinant.
Even among patients with individual aetiologies, there may be substantial variation in
clinical course. Therefore, there are recognised phenotypes that go beyond aetiology.

Results of multidimensional clustering studies

One approach to identification of phenotypes is the application of “unbiased” clustering
algorithms, statistical techniques that identify groups of patients with similar characteristics
[36–38]. Such methods have been successfully used to identify phenotypes of asthma but are
susceptible to biases particularly in what variables have been collected within databases [39].
There have been three multidimensional clustering studies in bronchiectasis, which are
described in table 2.

In my opinion, the results of these studies have not had a major impact on our understanding
of true bronchiectasis phenotypes. The only consistent finding across all studies is that
Pseudomonas aeruginosa-infected patients do have distinct characteristics [36–39]. The other
phenotypes identified in these studies were not replicated in the others and their descriptions
do not sound like meaningful phenotypes. Chronic infection may be linked to increased
neutrophilic inflammation but the diversity of pathogens means that this is unlikely to be one,
but rather multiple, phenotypes and endotypes [40–42]. Chronic sputum production is a
symptom that is nearly universal in bronchiectasis and so may not differentiate patients
sufficiently to be a phenotype in isolation. Dry bronchiectasis, on the other hand, is a
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Table 1. Clinical presentation of bronchiectasis according to aetiology (aetiological “phenotypes”)

Aetiology Classic phenotype# Endotype

Clinical Radiological Microbiological Pathophysiology Genetics Therapeutic

CF Early age of onset
Systemic features such as
infertility malabsorption,
pancreatitis, diabetes [7]

Upper-lobe
bronchiectasis

Pseudomonas
aeruginosa
Staphylococcus
aureus
NTM

Neutrophilic
inflammation
impaired mucous
hydration

CFTR mutations Specialist care
CFTR modulators/
correctors

Primary
immunodeficiency

Early age of onset
History of frequent infections
Pneumonia
Nonpulmonary infections [19]

Lower-lobe
bronchiectasis

Any pathogens Neutrophilic, increased
systemic inflammation
including elevated
IL-17 [20]

Multiple genetic
causes

Ig replacement
Prophylactic antibiotic
therapy

Secondary
immunodeficiency

Onset at any age
Frequent infections
Pneumonia
Nonpulmonary infections
[21, 22]

Any Any pathogens Neutrophilic Acquired by
definition

Treatment of
underlying disorder,
Ig replacement
Prophylactic antibiotic
therapy

ABPA [23–25] Poorly controlled asthma
Wheeze
Thick sputum
Frequent exacerbations

Central
bronchiectasis
Infiltrates
Mucus plugging

S. aureus [25]
Aspergillus
fumigatus
NTM

Elevated total and
specific IgE
Th2-driven
inflammation
Eosinophilia

Not known Corticosteroids
Antifungal therapy
Anti-IgE therapy

NTM infection
[26–28]

Postmenopausal females
Malaise
Dry cough
Weight loss
Systemic features

Middle-lobe and
lingula-nodular
bronchiectasis
Tree in bud

NTM isolation
often with
typical
pathogens such
as P. aeruginosa

Deficiency in IFN-γ,
IL-12, IL-12R, inhibitory
antibodies to IFN-γ [27]
Anti-GM-CSF
antibodies [28]
Impaired macrophage
function

CFTR, cilia,
CTD-associated
and other genes
[29]

Antimycobacterial
antibiotic therapy

Chronic aspiration Impaired swallowing or severe
gastro-oesophageal reflux

Lower-lobe,
often right
lower-lobe,
bronchiectasis

Enteric
pathogens

Neutrophilic None Measures to reduce
aspiration
Antibiotic treatment

CTD¶ Rapidly progressive disease,
frequent exacerbations
Features of systemic
disease [30]

Multilobar
bronchiectasis

Any pathogens Neutrophilic
Pathophysiology largely
unknown

Not known No specific therapy

Continued
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Table 1. Continued

Aetiology Classic phenotype# Endotype

Clinical Radiological Microbiological Pathophysiology Genetics Therapeutic

IBD Expectoration of large sputum
volumes
May be additional evidence
of IBD-associated lung
disease (e.g. large airway
obstruction) [31]

Multilobar
bronchiectasis
Bronchiolitis
Small-airway
disease

Often no
pathogens
isolated
(“sterile
bronchorrhoea”)

Neutrophilic Not known Inhaled corticosteroid
responsive [32]

Asthma Poorly controlled asthma
Chronic bronchitis
Frequent exacerbations
Poor response to standard
therapy [33]

Lower-lobe
bronchiectasis

Any pathogens
or none

Can be eosinophilic
with Th2 cytokines or
neutrophilic

Not known Standard asthma
management
alongside treatment of
bronchiectasis

COPD Chronic bronchitis
Frequent exacerbations [34]

Lower-lobe,
cylindrical
bronchiectasis

Any pathogens
or none

Usually neutrophilic Not known Standard COPD
management alongside
treatment of
bronchiectasis

PCD Early age of onset
Chronic rhinosinusitis
Congential cardiac defects or
dextrocardia/situs inversus
Otitis media [35]

Middle- and
lower-lobe
bronchiectasis

Haemophilus
influenzae or
other pathogens

Usually neutrophilic Multiple genes
identified

No specific therapy
Strong focus on airway
clearance

Th2: T-helper cell type 2; IL-12R: IL-12 receptor; GM-CSF: granulocyte–macrophage colony-stimulating factor; CTD: connective tissue disease.
#: patients frequently do not present according to the classic phenotype description; ¶: e.g. rheumatoid arthritis.
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recognised clinical syndrome, described as early as the 1930s as a disease associated with
frequent infections and often haemoptysis without daily sputum production [43]. The
disorder has a variable clinical course but the extensive literature on the topic suggests this is
a true, consistent patient subgroup. The additional phenotypes identified in China and Spain
are based on age of onset, BMI and aetiology, and are too nonspecific to be clinically or
biologically meaningful [36, 37].

The frequent exacerbator phenotype

It has recently been demonstrated that the frequent exacerbator phenotype, defined by a
history of three or more exacerbations per year, is consistent over time and predicts
clinically relevant outcomes such as mortality, health-related quality of life and hospital
admissions [14]. The frequent exacerbator therefore meets the criteria for a clinical
phenotype. A study of 2572 patients from Europe and Israel found that those with frequent
exacerbations had higher scores on the St George’s Respiratory Questionnaire (SGRQ), with
a difference of >20 points between patients with three or more exacerbations per year and
those with no exacerbations per year [14]. Frequent exacerbators were also more likely to
be hospitalised and had an 86% increased risk of mortality [14].

A prior history of exacerbations was the strongest predictor of future exacerbations and
additional clinical predictors were relatively weak. In the adjusted analysis, significant
predictors were worse lung function (4% higher rate of exacerbations per 10% lower FEV1

% predicted), and chronic infection with Haemophilus influenzae (increased risk by 13%)
and P. aeruginosa (by 20%). Patients with a recorded comorbidity of COPD had a 43%
increased risk of future exacerbations [14]. Nevertheless, these other clinical variables
account for only a very small proportion of the variation in exacerbation frequency
suggesting unmeasured factors account for the majority. This points to the importance of
potential exacerbation endotypes.

Table 2. Results of multidimensional clustering studies in bronchiectasis

Setting Subjects Clusters

Several European centres
[38]

1145 Severe disease with Pseudomonas aeruginosa infection
Patients with chronic infection with other pathogens
Sputum producers without chronic infection
Dry bronchiectasis

China [37] 148 Mild and idiopathic bronchiectasis in young patients
Severe patients with post-infective bronchiectasis and
P. aeruginosa
Late-onset, severe idiopathic bronchiectasis
Elderly patients with moderate disease

Spain [36] 468 Young women with mild disease
Overweight elderly women with mild bronchiectasis
Elderly men with severe disease, chronic infection
(mainly with P. aeruginosa), airflow obstruction and
exacerbations
Elderly patients with “severe” disease but infrequent
exacerbations

Bold highlights the only phenotype that was common to each of the analyses.
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The Pseudomonas aeruginosa phenotype

As described above, patients with P. aeruginosa was the only subgroup of bronchiectasis
patients identified by all three multidimensional clustering studies as having distinct
characteristics [36–38]. P. aeruginosa chronic infection meets all of the criteria required for
a clinical phenotype: it is a measurable characteristic; it is usually stable over time, although
intermittent infection and spontaneous clearance of P. aeruginosa has been reported; and it
links clearly to clinical outcomes [44–50].

Poor outcomes associated with P. aeruginosa infection have been documented in Europe,
China, South America and indeed nearly every cohort in which it has been tested [44–52].
Most recently, the question was addressed in a cohort study from the European
Multicentre Bronchiectasis Audit and Research Collaboration group [53]. Across 10
different cohorts, there was a strong independent effect of P. aeruginosa on quality of
life, with P. aeruginosa contributing more than 7 points on the SGRQ score even after
other confounders were taken into account. P. aeruginosa was associated with a doubling
of the risk of mortality compared to patients without P. aeruginosa infection.
Interestingly, after multivariable adjustment, the mortality risk was specifically in those
patients with a combination of P. aeruginosa infection and two or more exacerbations
per year (figure 2). The subgroup with P. aeruginosa without frequent exacerbations had
a good prognosis, suggesting that the combination of these two phenotypes leads to the
worst outcome [53].

Airway disease-associated bronchiectasis

COPD is thought to be a potential cause or a comorbidity of bronchiectasis. It has been
proposed that bronchiectasis can be a phenotype of COPD, but equally, bronchiectasis
associated with COPD is emerging as a potential phenotype of bronchiectasis [54, 55].
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Figure 2. The relationship between Pseudomonas aeruginosa (PA) and exacerbation status with survival over
5 years of follow-up. Reproduced and modified from [53] with permission.
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There is sufficient concern about the potential for these patients to have different
characteristics that most recent RCTs have excluded patients with co-existing COPD
[56–59].

The interaction between COPD and bronchiectasis is complex. It is clear that
bronchiectasis develops in some patients with primary smoking-related COPD as a result of
chronic inflammation and recurrent infections [60]. This is most common in patients with
severe COPD and the prevalence of bronchiectasis increases with decreased FEV1 [60–62].
Patients may be chronically infected with bacteria like typical patients with
bronchiectasis, or they may not. The radiological pattern is typically bilateral, lower-lobe,
cylindrical bronchiectasis. There is, however, a large group of patients with primary
COPD who have radiological dilatation of the bronchi consistent with bronchiectasis,
with or without bronchial wall thickening, which is not associated with chronic sputum
production and may not be clinically significant. Data from the Canadian Cohort of
Obstructive Lung Disease showed that patients with mild and moderate COPD did not
have a higher frequency of radiological bronchiectasis compared to healthy controls or
smokers without COPD [61]. 20% of healthy individuals aged >65 years have radiological
bronchiectasis, which is of no known clinical significance, and so at least this proportion
would also be expected in the COPD population [61]. Further complexity has been
added by the work of DIAZ and co-workers [63, 64], who demonstrated in an analysis of
CT scans from the COPDgene cohort that some patients with COPD have reduced
vascular diameter associated with pulmonary vascular disease, which leads to an
artificially elevated bronchial/arterial ratio and the false impression of bronchiectasis. The
distinction is important as such patients will have entirely different pathobiology and are
unlikely to respond to traditional bronchiectasis therapy such as airway clearance and
antibiotic therapy.

Patients with COPD are also at high risk of NTM infection [65]. COPD is among the most
frequent comorbidity in individuals with NTM infection. Although classically associated
with fibrocavitary disease, a significant minority of patients with COPD and NTM have
nodular–bronchiectatic disease.

Finally, up to 50% of patients with bronchiectasis have fixed airflow obstruction as a feature
of their disease [66]. Fixed airflow obstruction due to bronchiectasis in a patient without a
history of smoking or other environmental exposure does not strictly meet the Global
Initiative for Chronic Obstructive Lung Disease definition of COPD but may be referred to
as COPD by some physicians [67]. The situation is more complex where patients have a
history of smoking and, therefore, where the relative contribution of bronchiectasis and
smoking to airflow obstruction may not be clear.

Regardless of the underlying mechanism, patients with COPD-associated bronchiectasis
have increased mortality compared to bronchiectasis not associated with COPD across
multiple cohorts and may also have increased frequency of exacerbations [14, 55, 68]. It is
likely this group consists of multiple endotypes since several are recognised in COPD.

Asthma-associated bronchiectasis has been less well researched when compared with
COPD [33, 69, 70]. Cohort studies have found up to 80% of patients with severe or
difficult-to-control asthma have radiological bronchiectasis [33, 69]. When looking at
bronchiectasis cohorts, up to 50% have a history of self- or physician-reported asthma [71].
These proportions are complicated by the tendency for patients with bronchiectasis to
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receive other diagnoses prior to eventually receiving a bronchiectasis diagnosis and so some
of these asthma diagnoses may be incorrect. Asthma is classically associated with allergies,
T-helper cell type 2-driven inflammation and eosinophilia, none of which are features of
classical bronchiectasis [72]. Nevertheless, a recent study examining sputum cell counts in
>150 bronchiectasis patients found sputum eosinophilia (defined by an eosinophil
percentage >3%) in nearly a fifth of patients [73]. This was similar in a Greek study of 40
patients where 17.5% had sputum eosinophilia [33]. Bronchial hyperresponsiveness has also
been reported in ∼20% of bronchiectasis patients.

COMAN et al. [69] recently described 184 patients with severe asthma, of whom 86 (47%)
had bronchiectasis. There was a clear association between bronchiectasis and risk of severe
exacerbation requiring hospital admission (OR 2.09, 95% CI 1.08–4.05) but even more
interestingly, blood eosinophilia was higher in asthma–bronchiectasis overlap. Fungal
sensitisation is a feature shared between bronchiectasis and asthma even in individuals not
meeting the diagnostic criteria for bronchiectasis [74].

In clinical practice, recognition of this phenotype of patients is critical, in my opinion.
They will rarely respond to long-term antibiotic therapy and patients with airway
hyperresponsiveness may fare badly with inhaled antibiotics. Recent data suggest
macrolides are effective in asthma [75], but may be unnecessary since adequate recognition
of an eosinophil-driven process may allow control of symptoms and exacerbations with
inhaled corticosteroids, bronchodilators, leukotriene receptor antagonists or, occasionally,
biological therapies. More data on the treatment of these patients are needed as well as
whether blood eosinophils counts can be used to guide inhaled corticosteroid treatment, as
has been shown in COPD [76].

Rapid progressor phenotype

There is no agreed metric on which to evaluate progression of disease in bronchiectasis. As
it is not a primarily obstructive airway disorder, like COPD, using decline in FEV1 as a
measure of disease progression seems counterintuitive. As bronchiectasis is primarily a
clinical and radiological disorder, it may be most logical to consider a worsening of
symptoms and progression of CT changes as being the most robust definition of disease
progression.

Identification of a “rapid progressor” phenotype would be extremely helpful to guide
interventions/therapies and to stratify patients for inclusion in clinical trials. Unfortunately,
there are few studies looking at disease progression. PARK et al. [77] reported a study of 155
patients with serial CT scans a mean of 7 years apart. 36% of patients showed radiological
progression using the Bhalla index as the measure of radiological severity. Patients with
progressive disease in this study were diagnosed at an older age, had lower BMI, and were
more likely to be chronically infected with P. aeruginosa and/or infected with NTM. Studies
looking at lung function decline in bronchiectasis to date have been small and have given
inconsistent results [47, 78, 79]. The largest, a single-centre study by DAVIES et al. [47],
found no difference in groups between patients experiencing a decline, an improvement or
stability in lung function over time. In particular, P. aeruginosa infection was not associated
with lung function decline. SHEEHAN et al. [80] previously showed in a study of 48 patients
with repeated CT scans that the extent of bronchial wall thickening was associated with
subsequent lung function decline. Bronchial wall thickening is taken as a sign of active
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bronchial inflammation and may therefore support findings that patients with more
extensive bronchial inflammation measured by sputum neutrophil elastase had more rapid
lung function decline [81].

Thus, the rapid progressor phenotype is one that is recognised in clinical practice but is
difficult to define. Patients may have P. aeruginosa or other bacterial infection, purulent
sputum production, low BMI, more extensive radiological disease at baseline and
particularly extensive bronchial wall thickening. Further work to validate the presence of
such a phenotype in addition to defining the best way of measuring decline in
bronchiectasis is needed.

Severity of disease

Recently, a number of publications have focussed on the severity of disease calculated using
multidimensional scoring systems [66, 82, 83]. There are now several scoring systems that
evaluate risk of mortality including the BSI, FACED and the BACI [82–84]. All scores predict
mortality with a moderate predictive accuracy using the area under the curve as the outcome
measure. Severity of disease and mortality risk are very different end-points, since age,
comorbidity and functional status are the major predictors of short- to medium-term death,
while they are not particularly useful to guide clinical management of bronchiectasis [85].
When prediction of future health status, quality of life, exacerbations and hospitalisations are
studied, the FACED score and BACI are less useful as they do not accurately predict these
outcomes [85]. They are therefore not “severity scores” but mortality risk scores. This is an
important distinction to make so that they are not misused. For example, a 50-year-old
patient with FEV1 20% predicted who is chronically infected with MRSA (but without P.
aeruginosa infection), experiences frequent hospitalisations and exacerbations, and is on the
lung transplant list will have a low FACED and BACI score but should not be labelled as
“mild or moderate bronchiectasis”.

The BSI predicts all of the clinical relevant end-points in bronchiectasis and, crucially, takes
into account both severe and moderate exacerbations, the most important clinical end-points
in bronchiectasis and the primary outcomes in the majority of bronchiectasis trials [85].

Although severity of disease is a measurable clinical characteristic and links to clinical
outcomes, I would argue mild, moderate and severe disease are not clinical phenotypes.
This is because they represent instead an attempt to group patients according to outcomes.
Each category of severity likely contains multiple phenotypes; for example, a patient of
older age, with low lung function, low BMI and extensive radiological disease but without
exacerbations has severe bronchiectasis, while a young patient with frequent
hospitalisations, P. aeruginosa infection, frequent exacerbations and poor functional status
but with normal BMI and good lung function also has severe bronchiectasis. These are
different phenotypes grouped together because of a similar prognosis. Therefore, I would
argue that severity of disease should be excluded from discussions around phenotypes and
endotypes.

Can we use phenotypes to direct therapy?

As shown in figure 1, phenotypes reduce some of the heterogeneity in the population,
identifying groups of patients more likely to respond to therapy. For example, by selecting
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for a frequent exacerbator phenotype in a clinical trial, we may increase the likelihood of
demonstrating that a treatment reduces the frequency of exacerbations. This is logical but
also likely to be insufficient for some drugs. The success of macrolide therapy in multiple
“frequently exacerbating phenotype” populations suggests that simple phenotyping is
enough to stratify patients for a drug that has broad-spectrum antimicrobial and
immunomodulatory effects, and may therefore work across multiple endotypes [86].

Does the recent failure of inhaled antibiotic and mucoactive drug trials to reach their
primary end-point in bronchiectasis mean that phenotyping is unhelpful? The RESPIRE
trials, which tested a ciprofloxacin dry-powder inhaler (DPI) in two large, international,
double-blind RCTs, failed to consistently demonstrate reduced exacerbations with
ciprofloxacin DPI versus placebo [87, 88]. The study enriched for a frequently exacerbating
phenotype (requiring two or more exacerbations per year at baseline) with chronic
bronchial infection (positive sputum culture for one of a number of organisms at baseline)
and excluded patients with primary COPD along with other aetiologies. A similar trial
programme testing nebulised liposomal ciprofloxacin was even more careful in enriching
for an appropriate phenotype, requiring only patients with chronic P. aeruginosa infection
and two or more exacerbations per year, perhaps the most well-characterised adverse
prognostic phenotype so far described [89]. In this trial programme, one study (ORBIT 4)
was unequivocally positive, with all exacerbation end-points being met with statistically
significant differences while no significant differences were observed in the identically
designed ORBIT 3 [89]. Recent data suggests that choosing three or more exacerbations per
year may identify a more consistent phenotype for future trials.

Does this mean that phenotypes do not work to direct therapy?
The major difference between the macrolide trials and the RESPIRE, ORBIT and
mucoactive trial programmes are that the macrolide studies were conducted in single
centres or a small number of similar centres within the same country. In contrast, there are
specific challenges in the context of international, multicentre trials. The phenotypes
identified in one centre may be subtly different to those in other centres because of
differences in the testing for underlying causes, the definition of exacerbation (or the
threshold for patients seeking medical attention or for physicians to prescribe antibiotics)
and the frequency of sputum culture testing to identify organisms such as P. aeruginosa.
While care of bronchiectasis patients remains patchy, lacks a robust evidence base and
suffers with variable definitions, it is likely that even a phenotype-based approach may be
insufficiently objective to create homogenous populations.

Bronchiectasis endotypes

Endotypes, groups of patients defined by a shared biological mechanism, are theoretically
the best basis for stratified evaluation and treatment. There are multiple methods now
readily available to study biological pathways in the lung and systemic compartment in
airway disease. Endotyping studies, exemplified by large scale projects such as Unbiased
Biomarkers in Prediction of Respiratory Disease Outcomes in asthma, use these novel
technologies with the aim of identifying groups of patients with distinct outcomes or
treatment responses [90]. Very few such studies have been performed in bronchiectasis.
Table 3 summarises some of the studies to date and those with the largest body of data are
described in detail below.
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Table 3. Endotyping technologies and their evidence to date in bronchiectasis

Endotyping method Strengths and weaknesses Evidence to date

Systemic inflammatory
markers

Easily accessible, relatively inexpensive markers
Distant from the primary site of disease (lung)

Fibrinogen associated with BSI in several cohorts, worse
lung function Pseudomonas aeruginosa infection and
impaired quality of life [20]
Soluble adhesion molecules associated with airway
infection [44]
Desmosine associated with age and hospitalisation
risk [81]

Sputum neutrophil
elastase

Easy to measure, multiple commercial assays available
including point-of-care assays in development

Multiple studies show correlation with sputum colour, lung
function and disease severity, and longitudinal study found
an association with exacerbation frequency and lung
function decline [81]

Sputum cytokines Widely performed in research and relatively inexpensive
Not part of routine care, sputum processing methods
vary greatly between laboratories

Strong relationship between neutrophil markers and
bacterial load (e.g. CXCL-8)
CXCL-8 also associated with radiological extent of
bronchiectasis on HRCT and FEV1 in one study
IL-13 associated with eosinophilia [44, 70]

Sputum eosinophils Sputum cytospins are not part of standard care in most
centres

∼20% of bronchiectasis patients have sputum eosinophilia
but the significance is unknown [73]

Exhaled breath analysis/
electronic nose

Noninvasive, safe, feasible in children
High variability in sample quality, low concentrations of
protein/chemicals in samples leading to low sensitivity or
requirement for sample concentration

Electronic nose can identify P. aeruginosa infection
and other chronic infection with moderate-to-good
accuracy [91]
Exhaled breath malondialdehyde was associated with
frequent exacerbations [73]
Peripheral airway nitric oxide associated with worse lung
function [92]

Genetics May identify inherited forms of bronchiectasis in addition
to gene modifiers that influence phenotype
Requirement for large sample sizes for most genomic
study designs, high risk of false-positive associations so
studies should be replicated

Gene modifiers of phenotype include FUT2, MMP1 and MBL
[93–95]
Genes associated with mucociliary clearance include PCD
genes (e.g. DNAH11 and CFTR)

Continued
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Table 3. Continued

Endotyping method Strengths and weaknesses Evidence to date

Proteomics Comprehensive profiling of proteins present in a given
sample, allows comparisons between groups

Neutrophil-dominated profiles are enriched in
bronchiectasis [96]
Blood profiles not studied

Microbiome (and other
molecular microbiology)

16s rRNA amplicon PCR and sequencing is relatively
inexpensive and easy to perform
Has inherent biases and does not capture viruses, fungi,
mycobacteria and others; metagenomic and other
approaches currently being applied will overcome these
issues

Microbiota profiles dominated by Pseudomonas and
Haemophilus are associated with a higher frequency of
exacerbations
Loss of diversity is associated with lower lung function
[97–99]

Lipidomics Allows evaluation of lipid mediators, which are important
in inflammatory signalling but often neglected in research
studies

None in bronchiectasis to date

Metabolomics Allows relatively comprehensive evaluation of metabolic
processes in a given sample
Complex to analyse

Metabolites associated with neutrophilic inflammation
were associated with progressive bronchiectasis in a
paediatric CF cohort [100]

Transcriptomics Requires high-quality RNA, complex to analyse,
dependent on cell counts within a given matrix

Not yet studied in bronchiectasis cohorts

Epigenetics Not yet studied in bronchiectasis cohorts Not yet studied in bronchiectasis cohorts

rRNA: ribosomal RNA.
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Pulmonary inflammation

Sputum neutrophil elastase is the most widely studied and most consistently useful
biomarker in bronchiectasis. Elastase predicts severity of disease, lung function decline and
progression to radiological bronchiectasis in CF [101]. In bronchiectasis, TSANG et al. [102]
showed in a study from Hong Kong that elastase activity was associated with higher
sputum volume, worse HRCT scores and lower FEV1. This was confirmed by GOEMINNE

et al. [103] who showed a statistically significant association between elastase activity and
FEV1, while two studies from our group have shown first that neutrophil elastase is
associated with bacterial load, radiological severity and FEV1 (n=385), and subsequently, a
clear association between neutrophil elastase and future exacerbation frequency and lung
function decline (n=381) [44, 81].

Additional neutrophil markers include the matrix metalloproteinases (MMPs). In a study
of 102 patients, MMP-8 and MMP-9 were showed to be associated with radiological
severity, FEV1 and the BSI score [104]. This was validated in a study of 86 patients from
Australia, where the same markers were associated with lung function and airway
microbiota dysbiosis with Pseudomonas or Haemophilus [97].

Neutrophil markers were found to be associated with the “clinical phenotypes” of ALIBERTI

et al. [38], with higher neutrophil elastase, myeloperoxidase activity and IL-1β, with no
association found with CXCL-8 or TNF-α across groups (figure 3).

Challenges for measurement of pulmonary markers in clinical practice include: ensuring
good-quality sputum samples; different methods for processing sputum, which can
seriously affect assay performance; and the fact that some bronchiectasis patients do not
readily produce sputum samples. Exhaled breath samples may be more readily accessible as
measurement is noninvasive. Studies to date have been small but suggest this is a promising
technology that may identify neutrophilic inflammation and chronic infection.

Systematic inflammation

Serum or plasma biomarkers have the advantage of standardisation of sample processing
and no concerns about sample quality, but have the limitation that they are distant from
the major site of pathology, the lung. Studies to date have been limited. The most advanced
biomarker is plasma fibrinogen, which was shown by SALEH et al. [20] to be associated with
severity of bronchiectasis (BSI), lung function and quality of life, and was validated in an
independent cohort. The same study found that systemic IL-17 was increased in
immunodeficiency-associated bronchiectasis [20]. A subsequent study also found an
association between fibrinogen and elevated cardiovascular risk measured by pulse wave
velocity [105]. Additional biomarkers, such as soluble adhesion molecules, endothelin-1
and desmosine, have only been measured in single cohorts and require independent
evaluation since false-positive results are common with systemic biomarkers [106].

Microbiome

All published studies of the “microbiome” in bronchiectasis to date have used 16s ribosomal
RNA amplicon PCR and sequencing to look at bacterial communities in the lung.
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Figure 3. Biological markers in “clinical phenotypes”. Cluster 1: Pseudomonas aeruginosa-infected patients; cluster 2: chronically infected patients without
P. aeruginosa; cluster 3: daily sputum production without chronic infection; cluster 4: patients without daily sputum production. a) Neutrophil elastase; b)
myeloperoxidase (MPO); c) CXCL-8; d) TNF-α; e) IL-1β. Reproduced and modified from [38] with permission.
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Studies of the virome, mycobiome and mycobacteriome are also needed. Studies to date
suggest enrichment of the proteobacteria phylum is a feature of bronchiectasis, and that
disease severity is associated with increasing abundance of proteobacteria such as
Haemophilus and Pseudomonas [97–99]. These organisms are also associated with more
exacerbations. Diversity of the microbiome reflects both the presence of a large number of
different genera (richness) and the absence of one or more dominant organisms that greatly
outnumber the others (evenness). A loss of richness and evenness is characteristic of severe
bronchiectasis and loss of diversity is associated with worse FEV1 [97–99].

To date, other than confirming the airway bacteria are important contributors to
bronchiectasis severity, no specific “microbiota phenotypes” have been identified.

Genetic modifiers of phenotype

There are a number of important genetic causes of bronchiectasis, and it is very likely that
as larger studies are performed using exome and whole-genome sequencing that some
patients currently labelled as idiopathic or post-infective bronchiectasis will be found to
have genetic causes. The recent description of activated phosphatidylinositol 3-kinase δ
syndrome as a cause of bronchiectasis highlights the potential to identify genetic
phenotypes/causes of bronchiectasis [107]. A number of gene modifiers of disease severity
have recently been described in small cohorts including FUT2, MMP1 and MBL [93–95]. It
is important that genetic associations found in small cohorts are validated because many
genetic associations identified are ultimately shown to be false positives. An example in
bronchiectasis is the association between human leukocyte antigen-C group 1
homozygosity with idiopathic bronchiectasis, which was found in 96 patients and 100
controls in a single-centre study, but was not replicated by MCDONNELL et al. [108], who
showed that the original association was likely to have been driven by an anomalous
control group.

CFTR mutations are common in bronchiectasis patients without CF, and associations with
NTM infection, earlier onset of disease and Aspergillus disease have been suggested. These
are of particular interest given the potential for CFTR modulator or potentiator therapy in
future but findings of studies are inconsistent, necessitating larger studies [109–111].

Conclusion

Phenotyping and endotyping are at an early stage in bronchiectasis. The heterogeneous
nature of the condition means that, perhaps more than any other disease, it is essential that
progress is made in defining the biological pathways leading to airway inflammation and
disease progression. The failure of recent clinical trial programmes should encourage greater
interest and investment in identifying biomarkers and personalised approaches to therapy.
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| Chapter 9

Primary immunodeficiency
David M. Lowe1 and John R. Hurst2

Primary immunodeficiency (PID) syndromes, especially antibody deficiencies, are associated
with an increased risk of bronchiectasis. It is important to detect PID-associated
bronchiectasis because Ig replacement therapy is a specific intervention that reduces the risk
of subsequent infections and may therefore reduce the development and progression of
bronchiectasis. Ig replacement is primarily dosed to clinical response. Otherwise, the
management of bronchiectasis in PID is similar to bronchiectasis of other aetiology. The
main exceptions to this are the recommendation to repeat CT scans even in asymptomatic
patients, given the apparent risk of bronchiectasis despite adequate Ig replacement, and that
care is best shared by respiratory and immunology specialists working as part of a
multiprofessional team.

Cite as: Lowe DM, Hurst JR. Primary immunodeficiency. In: Chalmers JD, Polverino E, Aliberti S, eds.
Bronchiectasis (ERS Monograph). Sheffield, European Respiratory Society, 2018; pp. 153–166 [https://doi.
org/10.1183/2312508X.10015917].
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Primary immunodeficiency is an important cause of bronchiectasis that has, in antibody
replacement, a specific treatment http://ow.ly/Yva330ksJkB

This chapter considers bronchiectasis in the context of primary immunodeficiency
(PID) syndromes in adults, and specifically bronchiectasis in the context of primary

antibody deficiencies (PAD).

The British Thoracic Society (BTS) Bronchiectasis Guideline [1] summarises those papers
that have investigated the aetiology of bronchiectasis and reports the prevalence of humoral
immune defects at around 7% (range 1–17%). The importance of identifying people with
antibody deficiency lies in the availability of a specific treatment, Ig replacement therapy,
and therefore a serum Ig assay should be performed in all patients presenting with
bronchiectasis. Despite this clear recommendation, audit data suggest this is not always
achieved: in a UK national audit of bronchiectasis only 68% of patients had documented
serum Ig results [2].

We will first review the spectrum of PID syndromes, before considering the pulmonary
complications of PID and, specifically, PID-associated bronchiectasis.

Copyright ©ERS 2018. Print ISBN: 978-1-84984-097-2. Online ISBN: 978-1-84984-098-9. Print ISSN: 2312-508X. Online ISSN: 2312-5098.

Correspondence: John R Hurst, UCL Respiratory, Royal Free Campus, University College London, London, UK. E-mail: j.hurst@ucl.ac.uk

1Dept of Clinical Immunology, Royal Free London NHS Foundation Trust, London, UK.. 2UCL Respiratory, Royal Free Campus,
University College London, London, UK

https://doi.org/10.1183/2312508X.10015917 153

https://doi.org/10.1183/2312508X.10015917
https://doi.org/10.1183/2312508X.10015917
https://doi.org/10.1183/2312508X.10015917
http://ow.ly/Yva330ksJkB
http://ow.ly/Yva330ksJkB
mailto:j.hurst@ucl.ac.uk


Primary immunodeficiency syndromes

The human immune system is a complex and coordinated network of cells and molecules
which, in health, act to defend the body from microbial challenge while preventing harmful
responses directed against self-antigens or damage to bystander host cells. These
mechanisms are complemented by physical barriers, the production of mucus, mechanical
defences (including the bronchial ciliary escalator) and the release of antimicrobial
molecules from cells other than leukocytes (for example, epithelial cells). In totem, these
diverse systems ensure a degree of redundancy in the response to pathogens such that
minor deficiencies in immune function are often clinically silent.

That said, with increasing scientific discovery, there are now 350 symptomatic primary
immune deficiency disorders described [3]. These disorders are either known to result from
monogenic mutations (with 320 causative genes identified thus far [4]) or occur
spontaneously without an attributable cause (the latter assumed to be polygenic and often
with onset later in life). Many primary immune deficiency conditions predispose to severe
infection in childhood and this risk may be compounded by a requirement for curative
haematopoietic stem cell transplant (HSCT); pneumonia is frequently observed in this
setting, including with atypical organisms. This can result in post-infectious bronchiectasis
[5]. Graft versus host disease following HSCT can also manifest as bronchiectasis [6].
Certain PIDs also specifically increase the risk of Mycobacterial infection [7]. While this is
often disseminated rather than limited to the lungs, pulmonary infection will confer a high
risk of consequent bronchiectasis. In this chapter we will predominantly consider those
disorders associated with generalised bronchiectasis and which may present or persist into
adulthood. First, we will we consider the major components of the human immune system
and associated deficiency syndromes.

B-cells and antibodies

The most common immune deficiencies associated with bronchiectasis are antibody
disorders. A component of the adaptive immune system, B lymphocytes develop in the
bone marrow, emerge as naïve cells and migrate to lymphoid organs. Upon subsequent
contact of the B-cell receptor with its specific antigen and the receipt of appropriate
additional stimulation, B-cells become activated and develop into cells capable of
secreting large quantities of antibody. Activation can be T-cell-independent (the
additional signalling coming via interaction between the pathogen and, for example,
Toll-like receptors on the B-cell or via a pathogen-bound complement interacting with
B-cell complement receptors) or T cell-dependent. In the latter process, B-cells “present”
antigen via major histocompatibility complex class II to T-cells, which in turn stimulate
B-cells via CD40L–CD40 interaction and the release of cytokines. T-cell-independent
activation predominantly results in the production of short-lived plasmablasts, while
T-cell-dependent activation drives class switching from IgM to other antibody classes
(e.g. IgG, IgA and IgE), somatic hyper-mutation to “fine-tune” the specificity of the
secreted antibody and the generation of long-lived plasma cells and memory B-cells.
B-cell proliferation and survival is aided by signals received from other cells, such
as mononuclear phagocytes: these signals include B-cell activating factor (BAFF), a
proliferation-inducing ligand, which binds to the BAFF-receptor (BAFF-R) and
transmembrane activator CAML (calcium modulator and cyclophilin ligand) interactor
(TACI) on the B-cell [8].
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Antibodies produced by B-cells (and their progeny plasma cells) recognise and bind to
micro-organisms: they may directly neutralise a pathogen or secreted toxin, improve
recognition by effector cells of the host immune system (e.g. phagocytes) and can
activate complement (which in turn can lyse the target via formation of the membrane
attack complex).

Defects of antibody production may be due to an intrinsic problem with B-cells at any stage
of development. Defects in early development lead to the absence of circulating B-cells and
usually a complete absence of antibodies (agammaglobulinaemia): the most common is
X-linked agammaglobulinaemia (XLA) due to mutations in Bruton’s tyrosine kinase [9].

Defects in class-switching machinery (e.g. activation-induced cytidine deaminase
deficiency) will result in production of excessive IgM but failure to produce other antibody
classes (e.g. IgA, IgG); this is one cause of “hyper-IgM syndrome” [10]. Other failures of
B-cell maturation or function (including mutations in TACI and BAFF-R, but often due to
undefined mechanisms) will lead to different primary antibody disorders [11]. These
include common variable immunodeficiency disorders (CVID), IgA deficiency, IgG
subclass deficiency and specific antibody deficiency (defined as a normal total IgG but
failure to adequately respond to polysaccharide vaccines).

Among these, CVID is the most important. With a frequency of ∼1 in 25000, it is the
most common significant immune deficiency seen in adults [4, 12]. Diagnostic criteria are
based on clinical and laboratory features without a need to identify a genetic cause, which
is only established in a minority of cases (table 1). Clinical phenotype varies significantly
from relatively mild, characterised by occasional sino-pulmonary infection only, through to a
syndrome of severe inflammatory and autoimmune complications or chronic, refractory
infection with unusual organisms. Prior to diagnosis and effective replacement of antibodies
with Ig therapy, pneumonia is common [14, 15]. Even after diagnosis, chronic upper and
lower respiratory tract symptoms are frequently observed. Traditionally, pathology has been

Table 1. European Society for Immunodeficiencies (ESID) criteria for a probable diagnosis of
common variable immunodeficiency disorders

At least one of the following:
Increased susceptibility to infection
Autoimmune manifestations
Granulomatous disease
Unexplained polyclonal lymphoproliferation
Affected family member with antibody deficiency

AND marked decrease of IgG and marked decrease of IgA ,with or without low IgM levels
(measured at least twice; <2 SD of the normal levels for their age)

AND at least one of the following:
Poor antibody response to vaccines (and/or absent isohaemagglutinins); i.e. absence of
protective levels despite vaccination where defined

Low switched memory B-cells (<70% of age-related normal value)
AND secondary causes of hypogammaglobulinaemia have been excluded
AND diagnosis is established after the 4th year of life (but symptoms may be present before)
AND no evidence of profound T-cell deficiency

Reproduced and modified from [13] with permission. Contributors to the criteria were: V. Thon,
N. Martinez, M. Kanariou, K. Warnatz, I. Quinti and H. Chapel.
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attributed to encapsulated bacteria (e.g. Haemophilus influenzae and Streptococcus
pneumoniae) [14], for which antibody responses are known to be important, but recent
evidence has also accumulated for a role for acute and chronic viral infection [16].

The other primary antibody disorders are milder, and bronchiectasis is seen less
commonly. IgA deficiency is fairly common in the population and frequently clinically
silent, although bronchiectasis has been described [17]. Isolated IgM deficiency and IgG
subclass deficiencies (with normal total IgG) are often of no significance in an adult,
although a few patients may suffer recurrent infection with encapsulated bacteria and
bronchiectasis is described [18]. Specific antibody deficiency (SPAD) implies a poor
response to encapsulated bacteria by definition and can be associated with bronchiectasis in
some cases [19, 20]. Table 2 summarises the features of the more common antibody
deficiency syndromes. Note that patients may have more than one condition (e.g. IgA
deficiency and specific antibody deficiency).

Hypogammaglobulinaemia is frequently seen in other disorders as well: for example,
deficiency of CD40L on T-cells leads to the failure of class-switching in B-cells and is
another cause of hyper-IgM syndrome [4]. Inducible costimulator deficiency is another
disorder of T-cells, which directly impacts on B-cell function [21], while conditions such as
CTLA4 deficiency (failure of regulatory T-cell activity) result in hypogammaglobulinaemia
either via infiltration of bone marrow with activated T-cells or through “immune
exhaustion” from chronic stimulation of B-cells [22]. Rare disorders such as WHIM (warts,
hypogammaglobulinaemia, infections and myelokathexis) syndrome interfere with egress of
immature B-cells from the marrow due to gain-of-function mutations in CXCR4 [23].
B-cells are also frequently affected in severe combined immune deficiency (SCID)
syndromes (discussed further later). Figure 1 summarises B-cell development and the
effects of some PID disorders on this process.

Figure 2 summarises a mechanism via which bronchiectasis may develop in antibody
deficiency syndromes. We suggest that in the context of a poor antibody response, and
consequently failure of opsonisation, bacteria are not effectively phagocytosed by
infiltrating neutrophils. Instead, the neutrophils experience “frustrated phagocytosis” with
exocytosis of toxic granule contents [24] and damage of epithelial cells. Neutrophil granule
products may also adversely impact on the development of acquired immune responses [24,
25]. The damage to the airway wall with subsequent dilatation further compromises the
ability to clear inhaled bacteria and a cycle of damage persists.

Neutrophils

Neutrophils are granulocytic white blood cells whose function is to phagocytose and
eliminate pathogens, especially bacteria and fungi. For correct function they must be able to
migrate out of the bloodstream, engulf pathogens, undergo oxidative burst (discussed further
later) and deliver antimicrobial peptides to the phagosome via fusion with cellular granules.

Other rare disorders exist of neutrophil number and migration, but the most important
condition seen in adult practice is chronic granulomatous disorder (CGD) [26]. This is
caused by mutations in components of the NADPH oxidase enzyme complex, delivered to
the phagosome via the wall of secondary granules. Failure of NADPH oxidase function
prevents the catalysis of oxygen to superoxide, the key initial stage in the “oxidative burst”.
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Table 2 Summary of laboratory and clinical features of common primary antibody deficiency syndromes

Disorder B-cells IgG IgA IgM Polysaccharide
IgG vaccine
response

Clinical features Replacement
of Ig
indicated

XLA Absent Absent Absent Absent Absent Sino-pulmonary
infection

Enterovirus
infection

Yes

CVID May be reduced;
switched
memory
B-cell % often
reduced

Low Low or normal
(either IgA,
IgM or both
must be
low)

Low or normal
(either IgA,
IgM or both
must be
low)

Absent/reduced Sino-pulmonary
infection

Autoimmunity
Granulomatous
disease

Lympho-
proliferation

Yes

Isolated IgG
hypogammaglobulinaemia

Normal or
reduced

Low Normal Normal Normal or
reduced

May be asymptomatic
Can have infection
(especially if
poor vaccine
responses)

Consider

Specific antibody deficiency Usually normal Normal Normal Normal Absent/reduced Often asymptomatic
May have infection,
usually
sino-pulmonary

Consider

IgG subclass deficiency Usually normal Normal Normal Normal Normal Usually asymptomatic Rarely
IgA deficiency Usually normal Normal Low/absent Normal Normal Often asymptomatic

May have infection
(sino-pulmonary,
gastrointestinal)

Increased risk of
autoimmunity

No

IgM deficiency Usually normal Normal Normal Low/absent Normal Usually asymptomatic No

XLA: X-linked agammaglobulinaemia; CVID: common variable immunodeficiency disorders.
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Affected individuals’ cells are unable to generate antimicrobial reactive oxygen species (e.g.
hypochlorous acid) but the major compromise is due to failure to alkalinise the phagosome;
this impairs the function of antimicrobial proteins delivered from other neutrophil granules
[27]. Patients suffer from recurrent invasive infection with predominantly catalase-positive
organisms. Staphylococcus aureus, Aspergillus spp. and Burkholderia spp. are common
pathogens, with the lung a frequent site of infection.

Although chronic lung disease has not been traditionally considered as a major component
of CGD, recent evidence has suggested that bronchiectasis is common [28]. In our own
cohort (as a national referral centre for CGD) we have observed bronchiectasis in the
majority of adult patients (unpublished data). This may relate to the failure to control the
inhaled bacterial burden but also an abnormal pattern of neutrophil cell death.

Regardless of the aetiology of bronchiectasis, neutrophils are key effector cells in the
development of the condition via the release of damaging granule contents (as previously
discussed).

Bone marrow Lymphoid organ
CVID

CD40L def
CD40 def
AID def

WHIM
syndrome

XLA
BLNK def
Other agammaglobulinaemias

ICOS def

IgG subclass def
Spec ab def

BAFF,
APRIL
etc.

TACI/
BAFF-R

IgM
IgM def

IgA
IgA def

IgG

Plasma cellMemory
B-cell

Class switching
Somatic hypermutation

CD40L

T-cell

Stem cell

Cytokines

MHC II

IgM+ mature
B-cell

IgM

Antigen
BCRImmature

B-cell
Pre/pro
B-cell

CD40

Figure 1. Mechanisms of primary antibody deficiency. Schematic representation of B-cell development
indicating (in red) points at which immunodeficiency syndromes may impair antibody production. Primary
antibody deficiency can be due to failure of B-cell development in the bone marrow (e.g.
agammaglobulinaemia syndromes), failure of B-cell egress from marrow (e.g. WHIM (warts,
hypogammaglobulinaemia, infections and myelokathexis) syndrome), T-cell disorders (e.g. inducible
costimulator (ICOS) deficiency), failure of Ig class-switching (hyper-IgM syndromes) or impairment of late
B-cell development, proliferation and survival. CVID may be characterised by compromise of any or all of
these late stages (red box delineated by dashed line) whereas other antibody deficiency syndromes affect
only specific pathways. XLA: X-linked agammaglobulinaemia; BLNK: B-cell linker; def: deficiency; MHC II:
major histocompatibility complex class II; BCR: B-cell receptor; CVID: common variable immunodeficiency
disorders; BAFF: B-cell activating factor; APRIL: a proliferation-inducing ligand; TACI: transmembrane
activator CAML (calcium modulator and cyclophilin ligand) interactor; BAFF-R: BAFF receptor; AID:
activation-induced cytidine deaminase; Spec ab: specific antibody.
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Mononuclear phagocytes

This type of cell includes blood monocytes as well as tissue-resident macrophages and
dendritic cells. They engulf and may eliminate pathogens, but a critical function is to
“present” processed antigen to T-cells in order to elicit specific immune responses.
Although frequently involved in immune deficiency (for example, they are affected in
CGD), there are relatively few disorders that specifically compromise the function of
mononuclear phagocytes. Where described, they tend to present with failure to control
intracellular pathogens, including Mycobacteria spp. [29]. Very rare inherited disorders of
granulocyte–macrophage colony-stimulating factor in alveolar macrophages are associated
with pulmonary alveolar proteinosis [4].

T-cells

T-cells respond to specific antigens, recognised via the T-cell receptor, and initiate a range
of immune responses via the secretion of cytokines and chemokines or via direct cell–cell
contact. CD4+ T-helper cells may enhance intracellular killing via the release of cytokines
(Th1 response), drive antibody production and B-cell maturation (Th2 response) or release
IL-17 to recruit effector cells, such as neutrophils (Th17 response). Cytotoxic CD8+ T-cells
kill host cells infected with viruses or with signs of malignancy.

Bacteria

+

+

+
1

3

5

Macrophage

T-cell

Neutrophil

Epithelial
cell

4
2

Figure 2. Putative mechanism for bronchiectasis development in antibody deficiency. 1) Neutrophils are
recruited to the airways in response to the presence of bacteria. 2) An inadequate antibody response leads
to frustrated phagocytosis. 3) Neutrophils release granule contents and die in situ, damaging bystander
epithelial cells, 4) impairing the development of acquired immune responses and 5) recruiting more
neutrophils to perpetuate the pathological cycle.
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T-cells can be affected via many PID disorders, most of which are monogenic [4]. Due to
their key role in immune responses, patients with significant T-cell primary immune
deficiency usually present early in infancy (e.g. SCID) and require stem cell transplantation.
As such, it is relatively rare to identify bronchiectasis in survivors except as the sequelae of
severe infection in the pre- or peri-transplant period, or as a result of chronic graft-versus-
host disease. In adults, T-cell disorders are seen infrequently (although their function is
compromised in some patients with CVID). Idiopathic CD4 T-cell lymphopenia is a poorly
characterised syndrome and often subclinical; where infection does occur, it is frequently
with “opportunistic” infections such as Pneumocystis carinii [30].

Natural killer cells

These are effector cells with a particular role in the control of herpesvirus-infected cells.
As such, natural killer cell deficiencies are often characterised by uncontrolled herpesvirus
infections, which may drive phenomena such as Epstein–Barr virus-associated
haemophagocytic lymphohistiocytosis [4]. Bronchiectasis is not a significant clinical
feature.

Complement

Early complement pathway defects result in lupus-like syndromes, while several deficiencies
of terminal complement proteins confer a particular risk for Meningococcus spp. [4].
Mannose-binding lectin (MBL) deficiency is common in the population and often
asymptomatic [31]. However, recurrent respiratory tract infection has been described in this
condition [32]. Although a causative relationship to the development of bronchiectasis has
not been demonstrated, MBL deficiency increases the likelihood of bronchiectasis among
patients with CVID [33] and may be a factor determining the severity of idiopathic
bronchiectasis [34] (although this finding is not universal [35]).

Other disorders

Bronchiectasis has been described in a range of other primary immune deficiencies,
including hyper-IgE syndromes [36], Wiskott–Aldrich syndrome [37], NF-κB essential
modulator deficiency [38] etc. All of these are rare and may be characterised by coexisting
antibody deficiency.

Pulmonary complications of primary immunodeficiency disorders

Pulmonary complications of PID syndromes may be thought of as acute or chronic, and as
infection or as noninfective [39]. Acute infections are common and can occur in those with
no underlying lung disease or as “exacerbations” in those whose lungs have existing
damage. Bronchiectasis represents the long-term sequelae of respiratory infections, which
may occur prior to the diagnosis of PID, or following that diagnosis. It therefore shares
a similar pathogenesis to post-infectious bronchiectasis. However, a major aim of Ig
replacement therapy is to reduce the incidence and severity of acute infections, and
therefore the prevalence and progression of bronchiectasis.

Some patients with CVID develop auto-immune complications, including a multisystem
granulomatous disease, the pulmonary manifestation of which is referred to as
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“granulomatous-lymphocytic interstitial lung disease” [40]. The presence of immune-
mediated disease is important because it predicts early mortality, effectively treated
“infection only” CVID now being associated with normal life expectancy [41].

Given the spectrum of lung disease in CVID, and that some people continue without
chronic lung disease, cofactors must be driving these phenotypes. This is illustrated in
figure 3, and discussed further later specifically in relation to bronchiectasis.

Bronchiectasis in primary immunodeficiency

Changes on lung CT in patients with CVID are very common, with >90% of patients
affected [42]. The prevalence of bronchiectasis in patients with CVID varies by centre, but in
a large European study the overall prevalence was 23% [12]. The prevalence in patients
with IgA deficiency appears lower [43, 44], with perhaps ⩽10% of patients affected. SPAD is
also associated with bronchiectasis, and may account for the increased prevalence of
bronchiectasis seen in patients with haematological malignancy and stem-cell transplantation.
Secondary antibody deficiency may also be observed in patients treated with biological agents
such as rituximab.

Although there are no RCTs, IgG replacement therapy, either intravenous or subcutaneous,
is indicated for the management of CVID and XLA. The evidence basis for patients with
other PAD (and secondary antibody deficiency) is less robust. Cohort studies following the
introduction of Ig replacement demonstrated a reduced incidence of pneumonia in patients
with CVID and XLA [45–47]. Ig dose is titrated primarily to clinical response, rather than

Lung health

Lung health

Possible co-factors:
Co-existent T-cell dysfunction

Altered CD4:CD8 proportionality
Elevated IgM

GLILD Bronchiectasis
Absence of co-factors

Possible co-factors:
Recurrent infection
Sub-optimal Ig replacement
Potential co-factors: MBL deficiency, low
IgA, FcRn activity

Antibody
deficiency

Figure 3. Hypothetical scheme outlining pathways to the development of lung disease in primary antibody
deficiencies. GLILD: granulomatous interstitial lung disease; MBL: mannose binding lectin; FcRn: neonatal
Fc receptor. Reproduced and modified from [39] with permission.
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trough serum concentration. However, randomised trials of higher versus lower dose
replacement have demonstrated the superiority of higher doses in reducing the risk of
respiratory infection [48] and there is an inverse relationship between trough Ig level and
respiratory infection frequency [49]. Current guidelines therefore recommend that patients
with CVID and bronchiectasis should receive 0.6 versus 0.4 g·kg−1·month−1 [50], to target a
trough IgG of >7 g·L−1. There is a paradox in that the major airway antibody defence is
thought to be IgA, yet IgA deficiency is typically milder than IgG deficiency, and
replacement of IgG is effective at reducing infection burden such that life expectancy for
infection-only CVID patients is now normal [41]. Further work is required to test the
hypothesis that replacement of Ig in the airway, for example through the nebulised route,
offers additional benefits.

The management of bronchiectasis in PID is otherwise identical to the standard
management of bronchiectasis, although many clinical trials in bronchiectasis have
specifically excluded patients with PID. It is important to note that patients with PAD may
not make appropriate serum responses to the vaccines that are recommended as part of
standard bronchiectasis care. Although there are no trials to support this, consensus is
emerging that management is best when shared between immunology and respiratory
specialists as part of a multiprofessional team.

The rationale for Ig replacement is primarily to reduce acute infections, and whether
replacement alters the natural history of bronchiectasis remains controversial. Small,
short-term studies suggested improvement in imaging appearances and lung function [47,
48]. However, others have reported a greater than anticipated decline in lung function
parameters, and quantitative assessment of lung structural damage even in asymptomatic
patients with PID on apparently adequate Ig replacement [47, 51, 52]. In keeping with this,
over 5 years of follow-up, the prevalence of bronchiectasis in CVID and XLA increased by
around 7 percentage points [46] and this is the rationale for routine 5-yearly chest CT to
detect the development of bronchiectasis in those living with PID. Because of the risk of
radiation exposure with CT, to which patients with PID may be more susceptible, there are
emerging data to support the use of MRI for monitoring the pulmonary complications of
PID, especially the interstitial lung complications [53].

The variable prevalence of bronchiectasis in CVID, and the incomplete response to
apparently adequate Ig replacement suggests that other cofactors must be involved in the
development of this complication. A number of studies have reported associations,
including MBL deficiency, reduced CD4 T-cell populations and neonatal MBL Fc activity
[33, 45, 54–56].

Despite Ig replacement, “breakthrough” infections still occur but there is very little work
examining the nature of exacerbations in PAD-bronchiectasis. SPERLICH et al. [16]
reported detection of a pathogenic virus was isolated in 56% of episodes (rhinovirus was
the most common in 33% of exacerbations) and a potentially pathogenic bacteria in
33% (most commonly H. influenzae) (figure 4). The presence of viruses as a major
driver of respiratory exacerbation in CVID is important as Ig replacement therapy is
unlikely to be a major mechanism of host-defence against such pathogens. Cough,
shortness of breath and purulent sputum were the main triggers for patients to start
their antibiotic therapy, which, despite education, commenced a median of 5 days after
the onset of symptoms. Episodes characterised by purulent sputum responded more
rapidly to antibiotics.
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In a small study of 33 patients with PAD bronchiectasis and 20 immunocompetent
bronchiectasis controls [57], those with PAD had greater airway and systemic
inflammation. In addition, in the patients with PAD, cross-sectional markers of disease
severity (such as lung function and CT extent of disease) did not reflect disease activity as
assessed by airway and systemic inflammation, but systemic inflammation did relate to the
rate of disease progression. Quality of life in PAD was linked to the severity of airflow
obstruction, respiratory exacerbation frequency and degree of dyspnoea. From this we can
conclude that the prevention of bronchiectasis and a reduction in exacerbations can have
beneficial effects on health status in patients with PAD.

Conclusion

There are a large number of PID syndromes, which, especially when characterised by
antibody deficiencies, can be associated with an increased risk of bronchiectasis. It is
important to detect PAD-associated bronchiectasis because Ig replacement therapy is a
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Figure 4. Prevalence of a) respiratory viruses (nasopharyngeal PCR) and b) potentially pathogenic bacteria
(culture of spontaneous sputum) in patients with common variable immunodeficiency disorders (CVID) at
the time of respiratory exacerbation (54 and 43 events, respectively). Viral and bacterial pathogens are
frequently isolated in CVID-related respiratory exacerbations. A pathogenic virus was found in 30 (56%)
exacerbations. A pathogenic bacterium was found in 14 (33%) exacerbations. Rhino: rhinovirus; adeno:
adenovirus; hMPV: human metapneumovirus; RSV: respiratory syncytial virus. Reproduced and modified
from [16] with permission.
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specific intervention that reduces the risk of subsequent infections and may therefore
reduce the development and progression of bronchiectasis. Ig replacement is primarily
dosed to clinical response. The management of bronchiectasis in PID is otherwise similar
to bronchiectasis of other aetiology. The main exceptions to this are the recommendation
to repeat CT scans even in asymptomatic patients, given the apparent risk of bronchiectasis
despite adequate Ig replacement, and that care is best shared by respiratory and
immunology specialists working as part of a multiprofessional team.
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| Chapter 10

COPD and asthma overlap with
bronchiectasis
Federico L. Dente1, Maria Adelaide Roggi1, Roberta Del Cesta1,
Eva Polverino2,3 and Pierluigi Paggiaro1

The association of COPD and asthma with bronchiectasis is well known but the prevalence
of these combinations varies.

COPD and bronchiectasis share common risk factors, clinical features and functional
abnormalities. In clinical practice, it is common to identify patients with both COPD and
bronchiectasis. In these patients, it can be unclear whether recurrent bronchiectasis
exacerbations have led to the obstructive pattern, or whether COPD with frequent
exacerbations has led to the development of bronchiectasis. The COPD/bronchiectasis overlap
should be identified as a specific phenotype as it requires a different therapeutic approach.

The association between asthma and bronchiectasis is more complex. Bronchiectasis has
been detected in severe asthma in ⩽40% of patients who experience frequent exacerbations;
it usually has a non-eosinophilic inflammatory pattern that is poorly responsive to standard
asthma treatment. These patients require a different kind of pharmacological treatment
(antibiotic therapy and/or physiotherapy). In patients with bronchiectasis without a history
of asthma, some “asthma-like features” may be observed.

The definition of these “bronchietasis phenotypes” has a strong impact on prompt diagnosis
and personalised therapy.

Cite as: Dente FL, Roggi MA, Del Cesta R, Polverino E, Paggiaro P. COPD and asthma overlap with
bronchiectasis. In: Chalmers JD, Polverino E, Aliberti S, eds. Bronchiectasis (ERS Monograph). Sheffield,
European Respiratory Society, 2018; pp. 167–185 [https://doi.org/10.1183/2312508X.10016017].
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The identification of the COPD and asthma overlap with bronchiectasis may have a
strong impact on prompt diagnosis and personalised treatment, and on the treatable
traits of the disease http://ow.ly/Yva330ksJkB

In some patients, bronchiectasis is associated with persistent airway obstruction, with or
without a reversible component [1]. Asthma and COPD may therefore have

characteristics that overlap with bronchiectasis. However, bronchiectasis may also be
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frequently misdiagnosed as asthma (in young patients) or COPD (in elderly patients), due
to the poor specificity of chronic or recurrent respiratory symptoms and the lack of a “gold
standard” for the diagnosis of bronchiectasis, with the exception of CT. The heterogeneity
of the risk factors for bronchiectasis (smoking habit, respiratory infection, allergic
hypersensitivity) may also be common features of asthma or COPD.

Therefore, the term “overlap symdrome” for bronchiectasis and asthma or COPD is well
accepted, and it is in agreement with the tendency to define chronic airway diseases
according to the underlying pathogenetic mechanisms [2]. This chapter will summarise
current knowledge about the association between bronchiectasis and asthma or COPD, and
will consider the potential practical consequences of such an overlap, in terms of diagnosis
and management of these diseases.

COPD and bronchiectasis

COPD is often poorly identified, particularly in primary care. It is well recognised that the
generic term COPD usually includes patients with a variety of conditions, including
emphysema, chronic bronchitis and chronic asthma, which may occur alone or in
combination [3]. A COPD diagnosis is generally made when the subject has a history
exposure to risk factors, mainly tobacco smoke; however, the main diagnostic criterium is
the demonstration of airflow obstruction, which does not markedly change over a period of
months, although it is accepted that there may be some reversibility of obstruction in
response to bronchodilators [3, 4]. Bronchiectasis requires a radiological diagnosis (a CT
scan) and, in some cases, can be associated with poorly reversible airflow obstruction
[1, 5, 6]. In recent decades, CT (mainly HRCT) has been used to identify bronchiectasis in
subjects previously thought to have COPD [7, 8].

Large epidemiological studies employing HRCT to assess the prevalence of bronchiectasis in
patients with COPD are lacking; however, estimates of this association may be derived from
relatively small studies (table 1) [9–24]. The prevalence of radiological bronchiectasis in
patients with a primary diagnosis of typical COPD due to smoking varies from 4% in the
ECLIPSE (Evaluation of COPD Longitudinally to Identify Predictive Surrogate Endpoints)
cohort [24] to 58% in a small cohort study performed by MARTÍNEZ-GARCÍA et al. [18].

Difficulties with the definition of COPD–bronchiectasis overlap

The coexistence of bronchiectasis and COPD is difficult to establish for the following
reason. Bronchiectasis can cause a severe obstructive defect as a progression of the disease,
which can affect the large and small airways; some subjects with bronchiectasis are current
or past smokers. COPD diagnosis is usually based on smoking habit that causes irreversible
obstruction, despite the fact that it has been found that some COPD patients have never
smoked [25, 26]. Therefore, patients with bronchiectasis and airway obstruction can be
diagnosed as having COPD, while nonsmoking COPD patients may be suspected of having
bronchiectasis.

Beyond the possible casual coexistence of bronchiectasis and COPD in the same patient,
frequent misdiagnosis of the two conditions is likely [7]. In effect, the classic criteria for the
radiological diagnosis of bronchiectasis (in particular, a broncho-arterial ratio >1) [27] may
not be applied to patients with other cardiopulmonary diseases or the elderly.
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Table 1. Major COPD studies showing the prevalence and characteristics of patients with associated bronchiectasis

First author
[ref.]

Subjects Design Objective Conclusions drawn

BAFADHEL [9] n=75
COPD+bronch=20 (27%)

Retrospective
monocentric
study

To assess whether CT imaging provided
additional value to clinical and
physiological parameters in
multidimensional phenotyping of
COPD. The authors used factor
and cluster analysis with lung
function parameters (physiological
clustering) to evaluate whether
phenotyping of COPD would generate
the radiological COPD disease groups
seen in clinical practice (emphysema,
BWT and bronchiectasis).

There was an overlap in the radiological
evidence of emphysema,
bronchiectasis and BWT in COPD
patients.

Static lung volume and transfer factor
were independent predictors of
emphysema in COPD, but not of
bronchiectasis or BWT.

Conventional lung function does not
identify patients with bronchiectasis
and BWT in COPD.

DOU [10] n=480
COPD+bronch=168 (35%)

Retrospective
monocentric
study

To assess whether the coexistence of
COPD and bronchiectasis was associated
with relative pulmonary artery
enlargement.

Patients with pulmonary artery
enlargement presented with
more severe airflow obstruction
and a higher frequency of
bronchiectasis.

Patients with both COPD and
bronchiectasis had higher levels of
systemic inflammation and pulmonary
artery:aorta ratio.

Bronchiectasis in COPD was
demonstrated to be independently
associated with relative pulmonary
artery enlargement.

GALLEGO [11] n=118
COPD+Pseudomonas

aeruginosa
colonisation=41 (35%)

Case-cohort study To evaluate the prevalence and risk
factors for P. aeruginosa recovery from
sputum in outpatients with severe COPD,
characterising P. aeruginosa isolates with
PFGE and focusing on the influence of
bronchiectasis on chronic colonisation in
these patients.

The main risk factors for P. aeruginosa
isolation in severe COPD were the
extent of bronchiectasis and exposure
to antibiotics.

Chronic colonisation was unrelated to the
presence of bronchiectasis.

Continued
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Table 1 Continued

First author
[ref.]

Subjects Design Objective Conclusions drawn

HABESOGLU [12] n=304
Bronch+COPD=56 (18.4%)

Retrospective
monocentric
study

To assess the clinical profile of adult
patients with bronchiectasis.

Non-CF bronchiectasis was a more
prevalent comorbidity than expected in
COPD and asthma.

Bronchiectasis can unfavourably affect
the clinical course of asthma and
COPD by: raising airway inflammation
and bacterial colonisation; increasing
attack severity in COPD; and
contributing to severe and
difficult-to-control asthma.

Bronchiectasis should be considered and
investigated as a comorbidity in certain
patients with asthma or COPD in order
to improve the control of these
disorders.

JIN [13] n=190
COPD+bronch=87 (45.8%)

Retrospective
monocentric
study

To establish the risk factors for
bronchiectasis in a well-defined cohort
of patients with stable
moderate-to-severe COPD.

Male sex, previous TB and an increased
level of serum total IgE are
independent risk factors for
bronchiectasis in patients with
moderate-to-severe COPD.

The concentration of serum total IgE was
positively correlated with the extent of
bronchiectasis.

JIN [14] n=231
COPD+bronch=117

(50.6%)

Retrospective
monocentric
study

To explore whether the prevalence,
distribution and severity of emphysema
and bronchiectasis were different, and
were associated with clinical features in
COPD patients with radiological signs of
previous pulmonary TB.

COPD patients with previous pulmonary
TB had more severe bronchiectasis, an
increased prevalence of lower lung
emphysema and more extensive
emphysema on HRCT.

HRCT features in patients with
bronchiectasis and previous pulmonary
TB were associated with significant
dyspnoea and a higher frequency of
severe exacerbations.

Continued
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Table 1 Continued

First author
[ref.]

Subjects Design Objective Conclusions drawn

LEE [15] n=258
COPD+bronch=8

Retrospective
monocentric
study

To investigate the risk factors for COPD
among never-smokers.

Low educational status, manual labour, a
history of pulmonary TB and
bronchiectasis, as well as male sex,
and being old and underweight, were
risk factors for COPD in
never-smokers.

LONNI [16] n=1258
Bronch+COPD=129 (15%)

Prospective
multicentric
study

To identify the aetiology of bronchiectasis
across European cohorts and according
to different levels of disease severity.

COPD was found to be the second leading
cause of bronchiectasis after a
post-infective aetiology.

The presence of both COPD and
bronchiectasis was more common in
patients with severe disease.

MAO [17] n=896
COPD+bronch=311
(34.7%)

Retrospective
monocentric
study

To assess the clinical characteristics and
prognostic value of bronchiectasis in
patients with COPD.

Bronchiectasis in patients with COPD was
associated with the isolation of
P. aeruginosa from sputum.

Bronchiectasis was an independent
risk factor for all-cause mortality in
patients with COPD.

MARTÍNEZ-GARCÍA

[18]
n=92
COPD+bronch=53 (57.6%)

Prospective
monocentric
study

To identify the factors associated with
bronchiectasis in patients with
moderate-to-severe COPD.

The presence of bronchiectasis in
patients with moderate-to-severe
COPD was associated with
severe airflow obstruction,
isolation of a potentially pathogenic
micro-organism from sputum,
and at least one hospital
admission for exacerbations in the
previous year.

MARTÍNEZ-GARCÍA

[19]
n=201
COPD+bronchiectasis=115
(57.2%)

Multicentre
prospective
observational
study

To assess the prognostic value of
bronchiectasis in moderate-to-severe
COPD patients.

Bronchiectasis was associated with an
independent increased risk of
all-cause mortality in
moderate-to-severe COPD
patients.

Continued
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Table 1 Continued

First author
[ref.]

Subjects Design Objective Conclusions drawn

MINOV [20] n=54
COPD+bronch=27 (50%)

Prospective
monocentric
study

To evaluate the frequency and severity of
bacterial exacerbations in COPD patients
with bronchiectasis.

Coexisting bronchiectasis in COPD
patients may lead to more frequent
exacerbations with a longer duration.

SÁNCHEZ-MUÑOZ

[21]
n=282207
Bronch+COPD=29226
(10.4%)

Retrospective
monocentric
study

To analyse changes in the incidence,
diagnostic procedures, comorbidity,
length of hospital stay, cost and
in-hospital mortality of patients with
bronchiectasis who were hospitalised in
Spain over a 10-year period.

Bronchiectasis patients with COPD as a
primary diagnosis had an increased
incidence of hospital admission.

TULEK [22] n=80
COPD+bronch=27 (33.8%)

Retrospective
monocentric
study

To characterise the phenotypes of COPD
according to HRCT findings and to
correlate HRCT scores obtained using
the modified Bhalla scoring system with
clinical and physiological indicators of
systemic inflammation.

Patients with both bronchiectasis and
COPD had worse or lower FEV1 values
and FEV1/FVC ratios.

Patients with both bronchiectasis and
COPD had significantly higher
C-reactive protein levels and higher
1-year exacerbation counts.

WEYCKER [23] n=31122
Bronch+COPD=16183
(52%)

Retrospective
multicentric
study

To estimate the total number of adults with
bronchiectasis (non-CF) and the total
number of adults with newly diagnosed
bronchiectasis (non-CF) in current US
clinical practice.

COPD was found to be the most common
comorbidity in patients with
bronchiectasis.

Bronchiectasis was significantly
underdiagnosed in clinical practice,
particularly among COPD patients.

AGUSTI [24] n=2164
COPD+bronch=74 (0.03%)

Observational,
longitudinal and
controlled study

To describe the heterogeneity of COPD in a
large well-characterised and
well-controlled COPD cohort.

The extent of emphysema and
bronchiectasis in patients with COPD
increases with GOLD stage

Bronch: bronchiectasis; BWT: bronchial wall thickening; PFGE: pulsed-field gel electrophoresis; GOLD: Global Initiative for Chronic Obstructive Lung
Disease.
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Bronchiectasis in COPD is frequently under-diagnosed in the presence of pulmonary
hypertension (PH), which can affect the normal ratio between vascular and bronchial
shapes at CT, as well as the performance of CT scans without high-resolution algorithms.
In contrast, over-diagnosis of bronchiectasis in COPD may be caused by the presence of
traction bronchiectasis or bronchial dilation in some healthy elderly individuals or by
selection bias toward more severe COPD patients.

A decrease in the arterial pulmonary vessel diameter due to hypoxic vasoconstriction or an
increase in this diameter in the presence of PH may lead to under- or over-diagnosis of
radiological bronchiectasis [28, 29]. Furthermore, almost 20% of healthy elderly subjects
have a broncho-arterial ratio of >1 in some pulmonary segments without any suspicion of
bronchiectasis [30]. In addition, retrospective study design, inclusion of non-consecutive
patients and the use of non-validated scores are among the most frequent causes of under-
or over-diagnosis of bronchiectasis in COPD [31].

It has previously been argued that bronchiectasis cannot be a subtype of COPD. If
chronic bronchitis is considered a component of COPD [31], then the classical definition
(according to the CIBA Symposium of 1959, which proposed the first definition and
classification of COPD) is the presence of chronic productive cough for 3 months in each
of 2 consecutive years in a patient in whom other causes of chronic cough, such as
bronchiectasis, have been excluded [32]. Consequently, this classic definition could
exclude symptomatic bronchiectasis as a subtype of COPD [33]. Currently, however, the
coexistence of COPD and bronchiectasis based on the presence of characteristic risk
factors, and functional and radiological features of COPD, is widely accepted.
Bronchiectasis can also be considered a worsening factor in COPD. It is likely that the
development of bronchiectasis is based on the destruction of the airway wall, combined
with repair and remodelling of the vascular bed. Recently, bronchiectasis was recognised
as a risk factor for pulmonary vascular diseases such as PH [34]. Possible mechanisms
underlying the process include hypoxia, systemic inflammation and arterial stiffness [33].
The coexistence of COPD and bronchiectasis was demonstrated as a risk factor for
pulmonary vascular disease, particularly pulmonary artery enlargement [10], with
possible PH. Measurement of the pulmonary vascular system may therefore be useful for
clearer evaluation of bronchiectasis.

COPD–bronchiectasis overlap: a specific phenotype?

Recently, bronchiectasis was proposed as “clinical phenotype” of COPD [35, 36], with a
phenotype is considered to be a group of features that predict natural history and/or
treatment response [37]. Irrespective of how overlap occurs (whether it is by chance or
through true association), the presence of bronchiectasis in COPD is associated with a poor
outcome, including mortality. An increase in morbidity is seen with more frequent
exacerbations and when there is a rise in the isolation of potentially pathogenic
microorganisms on sputum culture (OR 3.59 (95% CI 1.3–9.9); p=0.014) in comparison with
COPD alone [11, 18]. A study of 201 COPD patients with airway wall abnormalities typical
of bronchiectasis confirmed a link with exacerbations and bronchiectasis was associated with
an independent increased risk of mortality in patients with moderate-to-severe COPD over
48 months [19]. A single-centre study demonstrated a near three-fold increase in mortality
rate, with patients with bronchiectasis and associated COPD having a 5-year mortality of
55%, compared with 20% in those with bronchiectasis without COPD [38]. In another study,
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after adjusting for covariates, patients with COPD who had bronchiectasis were 1.77 times
more likely to die than those who did not have bronchiectasis [17]. In comparison, the
landmark TORCH (Towards a Revolution in COPD Health) trial demonstrated a 3-year
mortality rate of <20% in subjects with COPD alone [39]. Meta-analyses of features of the
COPD–bronchiectasis overlap versus COPD alone have also demonstrated associations with
older age, male sex, more severe airflow obstruction, greater sputum production, isolation of
sputum potentially pathogenic microorganisms, including Pseudomonas aeruginosa, and
greater systemic inflammation [40, 41].

Some authors argue that COPD cannot be considered a cause of bronchiectasis [2, 36]. In
contrast, many studies have described COPD as a potential aetiology of bronchiectasis,
estimating the occurrence of COPD as cause of bronchiectasis to be 3.9–15% [16, 42].

An interesting cluster analysis of a large multicentre bronchiectasis cohort (1145 patients
form five European countries) identified the following four phenotypic clusters based on
sputum bacteriology and sputum production. Cluster 1: chronic infection with P. aeruginosa;
cluster 2: other chronic infection; cluster 3: daily sputum; cluster 4: dry bronchiectasis [43].
The bronchiectasis patients with infection (clusters 1 and 2) had a significantly worse
outcome, as well as increased markers of airway inflammation, in comparison with clusters 3
and 4. In the study, the coexistence of bronchial obstruction that was not completely
reversible was reported in all clusters, independently of broncheictasis severity; however, in
the absence of full diagnostic criteria for COPD, the overlap between bronchiectasis and
COPD could not be fully considered [43]. In such cases, airflow obstruction is best
considered one component of bronchiectasis severity. In fact, airflow obstruction is
recognised as a severity marker in bronchiectasis, which is reflected in severity and
prognostic scores such as the BSI [44] and FACED or its variant E-FACED [45–47].

Although a causal relationship between COPD and bronchiectasis has not been
demonstrated, it seems biologically plausible as smoking (or other respiratory exposure) can
facilitate bronchial infection, and the consequent inflammation may sustain the
development of bronchiectasis [48, 49]. In cohorts with a primary diagnosis of
bronchiectasis, the overlap with COPD is associated with a doubling of the risk of
mortality, making it the most relevant prognostic comorbidity after malignancy [50]. In
one study that defined the frequent exacerbator phenotype in bronchiectasis, patients with
co-existing COPD had a 43% increased risk of future exacerbations, even after adjustment
for prior exacerbation history and other confounders [51, 52].

These data support the view that, when a real coexistence of the two disorders is identified,
prognosis is generally worse.

Therapeutic consequences

In a significant number of patients with COPD and bronchiectasis, the main clinical
manifestations are those typically associated with bronchiectasis: chronic cough and
sputum production, chronic bronchial infection and frequent infective exacerbations
[40, 41]. In addition to the use of long-acting bronchodilators, which are the basis of
COPD treatment [53], we need to provide effective treatment for bronchiectasis. The
application of recommendations rising from bronchiectasis guidelines must therefore be
considered for the management of these overlap patients [1, 5].
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Macrolides have been investigated in both bronchiectasis and COPD. Recent European
guidelines support their chronic use in selected bronchiectasis patients [1]. In COPD
patients, macrolides can significantly reduce the risk of exacerbations (relative risk
reduction 37%; relative risk 0.63 (95% CI 0.45–0.87); p=0.005) and updated COPD
guidelines suggest the use of macrolides in patients suffering multiple exacerbations
despite receiving long-acting β-agonists/long-acting muscarinic agonists/inhaled
corticosteroids (ICS) [54, 55]. However, caution is necessary as studies are yet to be
performed that consider macrolide use in COPD–bronchiectasis overlap. There are
significant concerns around macrolides use, including the generation of cardiovascular
effects and antibiotic resistance; the latter is particularly dangerous in cases of NTM
infection (reported in ⩽10% of COPD patients and possible in bronchiectasis) due to the
increased risk of treatment failure and mortality [56, 57].

Inhaled antibiotics are currently recommended in subjects with bronchiectasis, mainly
those with chronic P. aeruginosa airway infection [1]. They are not recommended in
COPD due to the considerable risk of side-effects (bronchospasm). However, there is
evidence suggesting that selected patients with chronic P. aeruginosa could benefit from
this intervention, although the best dose, regimen and drug formulations for COPD are
unknown [58, 59].

The risk of acute and chronic bacterial infection suggests that special attention must be
paid to the use of drugs with possible immunosuppressant activity, such as ICS. There are
reports indicating that the use of ICS in COPD may be associated with increased bacterial
load in the airways [60] and an increased risk of bacterial pneumonia [61] or mycobacterial
infection [62, 63]. Therefore, ICS should only been used in COPD patients in whom the
possible benefits outweigh the risks [53, 54]. ICS are primarily effective in eosinophilic
inflammation [64] and should therefore not be used in the majority of bronchiectasis
patients with neutrophilic inflammation.

Conclusion

Bronchiectasis and COPD are airway diseases that can be coexist as an overlap
syndrome (BCOS). It is more likely that bronchiectasis will be identified in a subject
previously diagnosed as having COPD, than COPD will be identified in a subject
previously identified as having bronchiectasis. If COPD is recognised as a primary
diagnosis then treatment should follow COPD recommendations; specific interventions
for bronchiectasis should be taken into account with caution on an individual basis
(table 2).

Key messages

1) An obstructive pattern is a common feature in all COPD and most bronchiectasis
patients. 2) COPD subjects with recurrent infections, as well as subjects with bronchiectasis
and irreversible bronchial obstruction, should be carefully investigated. 3) In subjects where
the coexistence of COPD and bronchiectasis is established without superiority of either one,
the COPD–bronchiectasis overlap can be identified. 4) In subjects with COPD–
bronchiectasis overlap, treatment should be directed to the management of both diseases.
Inhaled bronchodilators can be used as first-line therapy to manage the functional
obstructive pattern. ICS use should be limited to frequent exacerbations and the risk of
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mycobacterial infection should be previously ruled out. Treatments that break the vicious
circle typical of bronchiectasis should be used (pulmonary rehabilitation and long-term
macrolides, for example) after dealing with mycobacterial infections. Inhaled antibiotics
could be considered in the future; studies into their use are lacking at the present time.

Bronchiectasis and asthma

Asthma and bronchiectasis show some similarities, mainly in relation to pathogenetic
mechanisms, clinical manifestations and clinical outcome. However, they also show relevant
differences. Airway pathology in asthma is characterised by persistent airway wall
inflammation (with eosinophils, mast cells and CD4 lymphocytes being the key cells in most
patients), epithelial abnormalities, smooth muscle proliferation and airway thickening, while
bronchiectasis is characterised by large-to-medium bronchi dilatation, epithelial disruption,
mucus hypersecretion and intense neutrophilic infiltration in the airway wall and in the
lumen [65, 66]. Clinical manifestations may be similar in the two conditions, as demonstrated
by the inclusion of bronchiectasis in the differential diagnosis of asthma in all age groups [67].

Asthma is now defined as a “heterogeneous disease”, not only in terms of its
pathophysiological background but also with regard to its clinical manifestations, patient
age at onset, its natural history and the response to treatment [67]. Typical symptoms
(such as dyspnoea, wheezing, bronchial reversibility and hyperresponsiveness) are not
specific to asthma and their presence may be blunted by poor perception or by
bronchodilator use. In addition, allergy is present only in ∼40% of asthmatic patients.
Therefore, the only constant feature of asthma across all phenotypes/endotypes is the large
variability of airway obstruction over time; this is the hallmark of asthma.

Bronchiectasis must also be considered a “heterogeneous disease”, mainly because of its
different aetiologies, patient age at presentation, its association with different pulmonary
and nonpulmonary diseases, its natural history and the response to treatment [3].
Similarities with asthma include the presence of airway obstruction, particularly in patients
with bronchial chronic infection [43]; however, this obstruction is in general irreversible.
Moreover, as in asthma, bronchiectasis exacerbations are more serious and more frequent

Table 2. Recommended areas of consideration in overlap COPD–bronchiectasis

Assess whether COPD or bronchiectasis is the primary diagnosis in order to guide investigative
strategy and treatment. Where this is not possible, investigation of both conditions may be
necessary.

In patients with primary bronchiectasis, fixed airflow obstruction is best considered one marker
of disease severity, identifying patients with a poorer prognosis. The mechanisms, risk factors
and potential management options for these patients are largely unknown.

The anatomical airway abnormalities of bronchiectasis in patients with primary COPD are best
considered a phenotype of the COPD disease spectrum. Further work is needed to define the
pathogenesis and clinical consequences of this phenotype, particularly in terms of prognosis
and whether the presence of anatomical bronchiectasis should alter the therapeutic approach.

Patients with both diagnoses have a true overlap syndrome There is the need to understand more
about the condition, specifically with regard to epidemiology, natural history and treatment.

Reproduced and modified from [36] with permission.
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in patients whose condition is of a higher severity; a further similarity is that exacerbations
are also generally induced by bacterial and viral infections [68].

Asthma and bronchiectasis may be found to be linked in a single patient, at a higher
percentage than expected given the epidemiology of each disease alone [69]. In a recent
analysis of the first European Multicentre Bronchiectasis Audit and Research Collaboration
(EMBARC) database, asthma was a predisposing factor for bronchiectasis in 0–10% of the
population studied [70]. In contrast, bronchiectasis was reported at a much higher
percentage in patients with severe asthma (25–40%); in mild asthma, the prevalence of
bronchiectasis was similar to that reported in the general population [71, 72].

The association between asthma and bronchiectasis can therefore assume two different
clinical forms: bronchiectasis in patients with a confirmed diagnosis and a long previous
history of asthma (a primary diagnosis of asthma), and asthma features in patients with
bronchiectasis but without a previous clinical history of asthma.

Bronchiectasis in patients with a primary diagnosis of asthma

Bronchiectasis is frequently considered to be a consequence of long-lasting severe uncontrolled
asthma, particularly in patients with corticosteroid-induced immunodeficiency [73]. In a small
group of asthmatic patients, DUPIN et al. [74] observed that hypogammaglobulinemia was
associated with a more severe composite score of bronchiectasis; the patients were older, more
frequently active or were more often former smokers, compared with patients with
normoglobulinemia.

In patients with severe asthma, bronchiectasis prevalence ranges 25–67%, depending on the
population studied (table 3) [71, 72, 75–77]. Severe asthmatics with bronchiectasis have a
higher rate of chronic bronchial infection and more frequent sputum production [78].
However, the reported prevalence of bronchiectasis in severe asthma might be
overestimated, due to a potential selection bias. In fact, it is likely that most of the patients
in these studies underwent a CT scan because abnormal clinical outcomes or
manifestations lead to the suspicion of bronchiectasis. Furthermore, the current definition
of severe asthma [67] is/could be different from that used in these studies. Further studies
are required into unselected groups of asthmatic patients with asthma severity defined
according to the current recommendations [67].

Severe asthma patients with bronchiectasis may have increased rates of smoking history
with a neutrophilic (rather than eosinophilic) inflammatory pattern in the spontaneous or
induced sputum. These patients usually have a poorer prognosis in terms of the frequency
and severity of exacerbations, and a poorer response to standard asthma treatment,
meaning a therapeutic approach is required similar to that recommended for bronchiectasis
(i.e. administration of a long-term low-dose macrolide, chest physiotherapy, 14 days of
antibiotic treatment for exacerbations). It is reasonable to suspect bronchiectasis in severe
asthma patients who respond poorly to high-dose ICS and report chronic and abundant
cough and phlegm, varied recurrent infectious excerbations, aspergillus sensitisation or high
neutrophilia in the sputum.

It is currently unknown whether the long-term outcome in severe asthmatics with
bronchiectasis differs from that of severe asthmatics without bronchiectasis. Taken
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Table 3. Major studies on severe asthma showing the prevalence and characteristics of patients with associated bronchiectasis

First author
[ref.]

Subjects Design Objective Conclusions drawn

LONNI [16] n=1258
Asthma

+bronch=41
(3.3%)

Prospective multicentric
study

To identify the aetiology of bronchiectasis across
European cohorts and according to different
levels of disease severity.

Asthma-related bronchiectasis was found in 3.3% of
the subjects and was more common in females.

LUJÁN [73] n=100
Asthma

+bronch=12

Case–control
cross-sectional
prospective
monocentric study

To establish the prevalence of bronchiectasis in
asthma in relation to a patient’s oral
corticosteroid requirement and to explore
whether the increased risk is due to blood Ig
concentration.

Steroid-dependent asthma seems to be associated with
a greater risk of developing bronchiectasis than
non-steroid-dependent asthma, probably due to the
disease itself rather than other influencing factors
such as Ig levels.

DUPIN [74] n=105
Asthma+HGG=25

(24%)

Retrospective
monocentric study

To characterise adult patients with asthma and
HGG.

Asthma patients with HGG were more likely to be
smokers, had a total IgE concentration of
<30 kUI·L−1 and a more severe composite score of
bronchiectasis.

GUPTA [75] n=185
Asthma

+bronch=24
(13%)

Cross-sectional
single-centre
retrospective study

To describe the HRCT scan abnormalities of a
large severe asthma cohort and to determine
the utility of clinical features to direct the use
of HRCT scanning in this group of patients.

Bronchial structural changes, particularly
bronchiectasis, were prevalent in the population of
patients with severe asthma.

CT scan acquisition in all patients with severe asthma
to detect bronchiectasis may therefore help change
management strategies and improve treatment
outcomes.

DIMAKOU [76] n=40
Asthma

+bronch=27
(67.5%)

Prospective
cross-sectional
single-centre study

To investigate the presence of bronchiectasis in
patients with severe uncontrolled asthma and
examine whether they contribute to the
severity of asthma.

Patients with asthma and bronchiectasis consumed
more antibiotics (courses per year) than patients
without bronchiectasis.

Patients with sputum production and pathogens in
sputum cultures had a higher Smith score compared
with those without expectoration and without
pathogens.

MENZIES [71] n=133
Bronch=47

Retrospective
single-centre study

To determine the frequency and pattern of HRCT
abnormality and the relationship with
Aspergillus fumigatus sensitisation in one
severe asthma population.

A. fumigatus sensitisation was associated with a 2.01
increased hazard ratio for bronchiectasis, and more
obstructive spirometry.

Patients with A. fumigatus sensitisation had variable
clinical and radiological characteristics that
frequently did not conform with the conventional
diagnostic criteria for ABPA.

Bronch: bronchiectasis; HGG: hypogammaglobulinemia.
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individually, both diseases have an impact on long-term prognosis; when these conditions
are connected, they could therefore have a greater impact on long-term survival.
Longitudinal studies are required to investigate this further.

ABPA is characterised by central bronchiectasis with infiltrates, mucus plugging and clinical
manifestations of uncontrolled asthma [79, 80]. Diagnosis requires a combination of different
criteria, including: asthma; central bronchiectasis; radiological fleeting pulmonary opacities; a
skin test positive for Aspergillus; blood eosinophilia; precipitating antibodies (IgG) in the
serum; elevated IgE in the serum (>1000 U·mL−1); and IgE specific to Aspergillus in the
serum. These diagnostic criteria have been mildly modified over time, according to the stages
of the disease. The condition responds fairly well to systemic corticosteroids, which resolve
the markers of Aspergillus sensitisation and improve in asthma symptoms. However, even
after improvement, the presence of bronchiectasis may induce other exacerbations and/or
bacterial infections. Surprisingly, in the first EMBARC database, ABPA was been reported in
0–11% of all bronchiectasis patients; however, this heterogeneity could be explained by
differences in the condition’s geographic distribution (it is usually more prevalent in
Northern Europe) or by the ease of access to specialised centres [69].

Asthma-like symptoms in bronchiectasis patients without a history of asthma

Asthma-like symptoms (chest tightness, wheezing, variable resting dyspnoea) may be
reported by patients with bronchiectasis, not only during exacerbations but also in the
stable phase of the disease. Such patients have no previous diagnosis of asthma and do
not have a history of childhood asthma, although at the time of the first clinical
manifestation some of them were categorised as “asthmatic”. The prevalence of these
“asthma features” has not been evaluated in the literature and strongly depends on the
criteria used for asthma diagnosis (symptoms alone, acute reversibility of airway
obstruction, the presence of bronchial hyperresponsiveness or the presence of asthma
biomarkers, such as increased levels of exhaled nitric oxide or increased percentages of
blood or sputum eosinophils).

Very few papers have been published on this topic (table 4). CHEN et al. [81] studied a
group of 99 patients with documented bronchiectasis, and compared them with patients
with asthma, COPD, pneumonia or other diseases, in order to assess the potential role of
the measurement of exhaled nitric oxide for detecting patients with bronchiectasis and
associated asthma. They defined asthma as a positive response to the bronchodilator test
and/or a positive methacholine challenge test; there were no data on the reported
symptoms or history of asthma in these patients. According to these criteria, 20 out of
99 patients were defined as asthmatics. These patients were younger and had higher levels
of exhaled nitric oxide, in comparison with patients with bronchiectasis but not asthma.
The authors concluded that exhaled nitric oxide may be useful for the identification of
patients with asthma associated with bronchiectasis.

MAO et al. [82] studied the potential determinants of exacerbations in a large number of
patients with bronchiectasis, some with asthma (n=214) and some without (n=249).
Asthma diagnosis was confirmed according to the typical asthma symptoms associated with
reversible airway obstruction and/or bronchial hyperresponsiveness, following Global
Initiative for Asthma (GINA) indications [67]; no data on the previous history of asthma
were reported. Patients with bronchiectasis and asthma were younger and had a lower
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duration of symptoms, in comparison with patients who had bronchiectasis but not
asthma. In addition, the rate of P. aeruginosa chronic bronchial infection and the severity
of bronchiectasis at HRCT were lower in these patients. In a logistic regression analysis,
factors associated with exacerbations included older age, duration of symptoms, FEV1 <50%
predicted, extension of bronchiectasis to two or more lobes, P. aeruginosa chronic bronchial
infection and asthma (with an OR of 2.6). The authors concluded that the presence of
asthma was associated with an independent increase in the risk of bronchiectasis
exacerbations in patients with bronchiectasis.

Recently, VENNING et al. [83] described the characteristics of 61 adults admitted to the
hospital with an infective exacerbation of bronchiectasis. A history asthma was reported in
44% (although it was not specifically indicated how this was diagnosed); this was a risk
factor for repeated exacerbations.

According to these few data, it could be argued that patients with bronchiectasis and
“asthma features” represent a different population from patients with a long history of

Table 4. Bronchiectasis studies showing the prevalence and characteristics of patients with
“asthma features”

First
author
[ref.]

Subjects Design Objective Conclusions drawn

CHEN [81] Bronch=99
Asthma+bronch=20

Retrospective
monocentric
study

To demonstrate the
importance of
FeNO in the
diagnosis of
bronchiectasis
accompanied by
bronchial asthma.

A cut-off value of
>22.5 parts per
billion FeNO was
found for
differentiating
asthmatic from
nonasthmatic
patients with
bronchiectasis.

MAO [82] n=463
Bronch=249
Bronch+asthma=214

Retrospective
monocentric
study

To analyse the
effects of asthma
on bronchiectasis
exacerbations.

Asthma was
associated with
an independent
increase in the
risk of
bronchiectasis
exacerbations.

VENNING [83] n=61
Bronch+asthma=27
(44%)

Retrospective
monocentric
study

To describe the
local clinical,
physiological and
sputum
characteristics of
patients
hospitalised with
an infective
exacerbation of
bronchiectasis.

Pseudomonas
aeruginosa was a
risk factor for
repeated
exacerbations.

A history of asthma,
COPD or small
airway
reversibility was a
risk factor for
repeated
exacerbations.

Bronch: bronchiectasis.
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asthma and concomitant bronchiectasis. However, in the absence of a clear previous history
of asthma before the diagnosis of bronchiectasis, the presence of asthma alongside
bronchiectasis is difficult to establish, because symptoms are not specific to asthma, and
acute reversibility of airway obstruction and bronchial hyperresponsiveness have been
reported in patients with bronchiectasis without any other asthma component. Few studies
have been performed that have attempted to evaluate the presence of airway responsiveness
in bronchiectasis with bronchodilators or methacholine; the existing studies show that a
positive response to a bronchodilator or methacholine test may be observed in a minority
of these patients [84, 85]. Biomarkers and long-term variability in pulmonary function may
be important tools for defining the “asthma component” in these patients. This may be
relevant when personalising pharmacological treatment.

Therapeutic implications

Asthmatic patients with bronchiectasis may have more frequent exacerbations, which
require treatment with antibiotics and/or oral corticosteroids. They may also frequently
exhibit airway neutrophilic inflammation, with bacterial chronic infection. It is not clear
whether high-dose ICS increases the risk of bacterial exacerbations in these severe patients;
however, in the absence of eosinophilic biomarkers and where there is a high rate of
exacerbations, it is reasonable to maintain the dose of ICS as slow a rate as possible, in
order to avoid bacterial infection. According to recent thoughts on so-called “treatable
traits” [2], high-dose ICS should not be recommended in poorly eosinophilic asthmatic
patients, because of the possibility to increase the rate of lower airway infections [86].
Low-dose long-term macrolide treatment may be considered in severe non-eosinophilic
asthmatic patients with bronchiectasis; this treatment has not been considered to be
effective in severe non-eosinophilic asthmatics without bronchiectasis [87].

The administration of ICS alongside long-acting β-agonists may be recommended in
patients with bronchiectasis who do not have a history of asthma, but who do have some
clinical, functional or biological asthma-like features. Data about the efficacy of ICS
treatment in unselected patients with bronchiectasis are poor, and in effect there is no clear
indication for treating these patients with ICS [1]. A better definition of the characteristics
of bronchiectasis patients with some asthma-like features would be useful in order to
recommend long-term ICS treatment in these patients. Long-term interventional studies on
well-characterised groups of patients with bronchiectasis are needed.

Conclusion

Asthma and bronchiectasis can often be connected, leading to the definition of a potential
new entity: asthma–bronchiectasis overlap. The characteristics of this overlap are difficult to
define as there is no gold standard for the diagnosis of asthma. The existence of
bronchiectasis in well-established severe asthma can be established using a CT scan, which
remains the basic diagnostic criterium for bronchiectasis; however, determining the
presence of asthma in patients with bronchiectasis is more difficult, due to the different
criteria that can be used: symptoms, pulmonary function or biomarkers.

Severe asthma associated with bronchiectasis has been demonstrated in several databases; it
has been shown that these patients are characterised by more severe disease, mainly in
terms of exacerbation rate. The response to ICS among these patients may be poor due to
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their inflammatory pattern. Other therapeutic options may therefore be recommended,
mainly in terms of antibiotic therapy and physiotherapy. In this context, ABPA is a distinct
clinical condition that requires a specific diagnostic approach and pharmacological strategy.

Asthma-like features may be observed in patients with bronchiectasis who do not have
previous history of asthma. Some of these patients may have received a misdiagnosis of
asthma at the beginning of their disease, due to a lack of proper functional investigation.
Some asthma-like features (for example, a huge variability in symptoms and pulmonary
function over time) and the presence of biomarkers of eosinophilic inflammation may also
be found in patients with bronchiectasis without a previous history of asthma. Currently,
there is no evidence that these patients should be managed any differently to other patients,
even with regard to ICS use. Further studies on large numbers of well-characterised
patients are needed. The recent EMBARC network has the potential to explore this further.

Key messages

1) Asthma and bronchiectasis may be linked in a fairly high number of patients.
2) Bronchiectasis may be detected in a consistent percentage of severe asthma patients, who
experience frequent exacerbations, are poorly responsive to the appropriate anti-asthma
treatment and have a non-eosinophilic inflammatory pattern. These patients may require
different pharmacological treatment, mainly in terms of antibiotic therapy and/or
physiotherapy. 3) Some asthma-like features may be observed in patients with
bronchiectasis who do not have a previous history of asthma. These features include
excessive variability in pulmonary function and /or bronchial hyperresponsiveness, and
eosinophilic biomarkers (e.g. elevated levels of exhaled nitric oxide). Whether these features
suggest the need for a different therapeutic approach (e.g. use of ICS) remains to be
demonstrated.

Overall conclusion

We are in an era of precision medicine in which “treatable traits” common to different
previously diagnosed diseases can be identified according to clinical and functional
findings. In this atmosphere, the definition of overlap syndromes is particularly important,
if we are to successfully personalise the diagnostic and therapeutic approach to each
individual patient. Although no specific indications can be derived from the current
guidelines for these chronic diseases, bronchiectasis patients who share common
characteristics with COPD or asthma will require specific investigation and different
long-term management.
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| Chapter 11

Fungal lung disease
Heather Green1, Pippa Newton2 and Andrew M. Jones1

Aspergillus fumigatus is commonly encountered in patients with bronchiectasis, and is capable
of causing a range of clinical problems as a consequence of both its action as a pathogen and a
host hypersensitivity response. In susceptible individuals, an allergic response to Aspergillus
allergens within the airway leads to a T-helper cell type 2-dominated inflammation, ABPA,
which can be a causal factor in the development of bronchiectasis in some patients and a
complication of pre-existing bronchiectasis in others. Aspergillus, an infective pathogen,
can manifest as chronic pulmonary aspergillosis that may complicate the clinical course of
bronchiectasis. Whilst Aspergillus-related disease is encountered relatively frequently, the
prevalence and role of other fungal species in non-CF bronchiectasis is, at present,
unclear. Evolving knowledge of the microbiota in bronchiectasis is likely to help our
understanding of the role of all fungi in the pathogenesis of bronchiectasis, as treatment
options against Aspergillus and other fungi, although still relatively limited, are beginning
to expand.
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Bronchiectasis (ERS Monograph). Sheffield, European Respiratory Society, 2018; pp. 186–203 [https://doi.
org/10.1183/2312508X.10016117].
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Aspergillus is a challenging pathogen in bronchiectasis, exerting both a direct
pathogenic role and stimulating a potentially damaging host hypersensitivity response;
this creates different endotypes of disease, ranging from hypersensitivity to CPA http://
ow.ly/Yva330ksJkB

Bronchiectasis is characterised by bronchial wall inflammation and damage, with
irreversible dilatation of bronchi, predisposing to impairment of mucociliary

clearance and colonisation with pathogenic micro-organisms creating a potential vicious
circle of infection, inflammation and airway damage. There are a number of bacterial
species that are commonly present and regarded as classic pathogens, including
Streptococcus pneumoniae, Haemophilus influenzae, Moraxella catarrhalis, Pseudomonas
aeruginosa and certain nontuberculous mycobacteria. In addition to these bacteria, the
filamentous fungus Aspergillus fumigatus and, less frequently, other Aspergillus species
are also recognised as potential pathogens in bronchiectasis [1]. There are a number of
manifestations of Aspergillus disease encountered, which are at least partly determined by
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underlying host susceptibility, ranging from predominantly infective conditions to
hypersensitivity responses [2].

There are several features of bronchiectasis that place such patients at risk of colonisation
with fungal species, including impairment of mucociliary clearance, a frequent exposure to
antibiotics and corticosteroids and, depending on the underlying aetiology of the
bronchiectasis, defects in underlying immune function. Candida species are frequently
isolated in samples from the respiratory tract of patients with chronic suppurative lung
diseases, but are mostly presumed to be contaminants from the upper airway. Patients with
bronchiectasis can suffer troublesome symptoms of mucosal candidiasis. Other than
Aspergillus, the true influence of filamentous fungi and Candida species in the pathogenesis
of non-CF bronchiectasis is still largely unknown [3].

Aspergillus

Aspergillus spores are small and are regularly inhaled into distal airways. In healthy
individuals, these fungal spores are promptly removed through mucociliary clearance and
phagocytosis. In patients with chronic respiratory disease where mucociliary clearance is
impaired, Aspergillus can potentially colonise the distal airways.

Aspergillus is ubiquitous in the environment, being commonly found in soil, water and
decaying organic material. Whilst the inhalation of fungal spores is a daily occurrence for
almost all individuals, there are certain settings that predispose to potentially high exposure
to Aspergillus, including working with compost heaps or animal manure, and renovation of
old and water-damaged buildings. Individuals with a known predisposition to or existing
Aspergillus airway disease should be counselled about the potential risks of exposure and
how to reduce them.

The suspicion of Aspergillus disease in a patient with bronchiectasis, either through
clinical features or the isolation of Aspergillus from respiratory tract samples, requires
careful evaluation before a diagnosis is reached. In addition to clinical characteristics,
this requires expert radiological imaging, mycological testing, and an assessment of
host response.

Diagnostic testing for Aspergillus

An array of techniques can be used to identify the presence of Aspergillus and the likelihood
of Aspergillus disease in bronchiectasis [4]. These include microscopic identification, fungal
culture, molecular diagnostic techniques, and antigen and antibody testing. Often, these
tests are used and interpreted in conjunction with each other, and alongside clinical history
and radiological imaging.

Microscopic examination

A residue of a centrifuged respiratory tract sample can be examined under the microscope
after staining with potassium hydroxide and calcofluor white whilst the remaining sample
is cultured. Microscopically, Aspergillus species have septate hyphae (2.5–8.0 μm in
diameter) with conidiophores terminating in a vesicle apically and a foot cell inserted into
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the supporting hypha basally. Vesicles are covered in varying degrees with flask-shaped
phialides, which, in the uniseriate form, develop directly on the vesicle. In the biseriate
form, a metula cell supports the phialide. The phialides produce conidia (2–5 μm in
diameter) in chains and may have a round or rough appearance.

Culture

A variety of media may be used for fungal culture including Sabouraud dextrose agar,
Aspergillus flavus and parasiticus agar, corn meal agar, malt extract agar, potato
dextrose agar and wort agar. Sabouraud dextrose agar is recommended as the fungal
culture medium of choice in the UK (figure 1) [5]. Guidance from Public Health
England (PHE) recommends sputum samples are treated with dithiothreitol or
N-acetyl-L-cysteine and that 10 μL of this homogenised sputum diluted in 5 mL
distilled water is plated on appropriate culture media. However, this method has been
demonstrated to have a much lower yield of Aspergillus than processing higher volume
samples of undiluted respiratory specimens, as is highlighted in recent European
guidelines [4, 6]. In a recent study of high-volume culture (HVC) versus conventional
culture for paired sputum samples from 304 patients at risk of Aspergillus disease,
Aspergillus was isolated from 50 samples by both methods but in a further 114 samples
by HVC where conventional culture was negative; a further 140 samples were negative
by both techniques whilst two were positive by conventional culture but negative by
HVC [7]. PHE recommends culture plates are incubated in air at 35–37°C for ⩾40 h
before being read but longer incubation periods of up to 6 weeks may increase culture
yield. Aspergillus species will typically grow rapidly with appropriate culture conditions
and will usually mature within 72 h. Heavy growth of Candida species can obscure

Figure 1. Aspergillus growth on culture plate.
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growth of Aspergillus. In such situations, culturing at higher temperatures (42–45°C)
will inhibit Candida but allow Aspergillus species to grow. It is prudent to perform
antifungal susceptibility testing for clinically significant Aspergillus species isolated to
help guide antifungal therapy. In some parts of the world, there is emerging triazole
resistance in Aspergillus species [8, 9].

Antigen testing

Galactomannan is a polysaccharide component of the Aspergillus cell wall. Blood
and BAL samples can be analysed for the presence of galactomannan, which may
indicate a diagnosis of invasive aspergillosis in susceptible patients (e.g. patients with
haematological malignancies) [10]. Galactomannan levels may be used to monitor
clinical response to treatment as they will decline with appropriate antifungal therapy [11].
Higher levels of galactomannan have been shown to strongly correlate with poorer clinical
outcome [12]. False-positive results may occur due to cross reactivity with fungi that are
rarely associated with invasive disease, such as Penicillium and Blastomyces species [13].
Piperacillin, an antibiotic derived from Penicillium, has previously been found to cross
react with the monoclonal antibody used in the assay causing a false-positive result [14].
However, newer preparations of piperacillin have been shown only rarely to cause
false-positive results, particularly when the Platelia immunoassay (Bio-Rad, Hercules, CA,
USA) is used [15].

1,3β-D-glucan (BDG) is a polysaccharide found in the cell wall of most fungal species,
including Aspergillus, Pneumocystis and Candida. Serum levels of BDG are raised in
invasive fungal disease and, in combination with galactomannan levels (in serum and
bronchoalveolar samples or cerebrospinal fluid), Aspergillus culture and PCR results,
histology showing fungal hyphae and evidence of associated tissue damage, radiology and
clinical history, can be used to define patients with proven, probable or possible invasive
aspergillosis [10].

The negative predictive value of serum BDG testing is high and is therefore useful for
excluding a diagnosis of invasive aspergillosis [11]. However, false positives may occur and
have been reported in patients receiving dialysis with cellulose membranes, intravenous
albumin or immune globulin, and in patients with gauze packing of serosal surfaces [16].

Antibody testing

Aspergillus IgG antibodies can be measured using agar gel double diffusion or by
counter-immunofluorescence to detect presence of Aspergillus precipitins, or can be
measured via an ELISA to give a quantifiable result. In general, the measurement of IgG
antibodies via ELISA has superseded testing for Aspergillus precipitins due to speed and
ease of processing and increased sensitivity of results [17]. A positive IgG result may
indicate Aspergillus lung disease, typically ABPA or chronic pulmonary aspergillosis (CPA)
including aspergilloma, although levels may be raised in acute hypersensitivity pneumonitis
after inhalation of spores and in patients with Aspergillus-related sinus disease.

Total IgE and Aspergillus-specific IgE levels measured via immunoassays are used in the
diagnosis of ABPA. In ABPA, both levels are classically raised, with the total IgE usually
being significantly elevated at >1000 IU·mL−1.
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Molecular tests

PCR
Using specific primers, PCR restriction fragment length polymorphism uses PCR
amplification followed by restriction endonuclease digestion and gel electrophoresis to
rapidly identify the presence of Aspergillus DNA within a sample. At present, there is no
consensus on the use of Aspergillus PCR on serum or BAL samples to make a diagnosis of
invasive aspergillosis due to the lack of conclusive validation of commercially available
assays [10]. However, when used in conjunction with antigen testing, research has shown it
can be a valid diagnostic tool [18, 19].

Pyrosequencing techniques currently provide a novel way to test azole resistance in
Aspergillus species and may, in the future, be an important diagnostic tool to aid antifungal
stewardship [20].

Matrix-assisted laser desorption/ionisation time-of-flight mass spectrometry
Matrix-assisted laser desorption/ionization time-of-flight mass spectrometry is a
culture-independent technique that uses mass spectrometry to rapidly identify and speciate
micro-organisms including Aspergillus species. It is likely to become increasingly used in
clinical practice but will still require additional tests alongside it to elucidate the nature and
phenotype of fungal disease in the host [21].

18S ribosomal RNA
In recent years, there has been significant research on the bacterial diversity of the
respiratory tract, with studies suggesting that advanced CF-related bronchiectasis is
associated with a lower bacterial diversity [22]. Research is now ongoing into the fungal
diversity of the airways using 18S ribosomal RNA sequencing of fungal DNA to establish
an individual’s lung mycobiome and any associated clinical impact. There are currently no
data on fungal diversity in bronchiectasis; however, studies on CF have suggested that
decreased fungal diversity is associated with poorer lung function, BMI and disease severity
scores [23].

Manifestation of Aspergillus disease

Allergic bronchopulmonary aspergillosis

ABPA is a condition characterised by a hypersensitivity response to the inhalation of
Aspergillus spores and is most commonly seen in individuals with asthma or CF. ABPA can
also be seen in patients with bronchiectasis, COPD, chronic granulomatous disease,
hyper-IgE syndrome and lung transplantation but in healthy immune-competent
individuals, exposure to Aspergillus rarely results in sensitisation or symptoms [24–27].

Clinical features
Patients typically present with cough, wheeze and breathlessness, and may expectorate thick
mucus plugs. Over time, mucus-filled bronchi can become obstructed, leading to inflamed
and damaged airways, resulting in bronchiectasis. Although classically, bronchiectasis is
proximal and the presence of dilated central airways with normal tapering peripheral
bronchi is considered a hallmark of the disease, it is important to recognise that central
predominance is not invariable.
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Pathophysiology
The exact reasons why some individuals are more susceptible to developing ABPA are
unclear. T-cells, particularly T-helper type 2 cells, have an increased response to Aspergillus
antigen both within the airways and systemically. This increased response drives an
increase in IL-4, IL-5, IL-10 and IL-13, resulting in pulmonary and blood eosinophilia [28].
Toll-like receptor single-nucleotide polymorphisms may increase susceptibility to ABPA, as
may surfactant protein A2 polymorphisms and elevated levels of mannan-binding lectin,
particularly the 1011A allele, which are also found in ABPA [29, 30]. Human leukocyte
type also appears to play an important role and it has been shown that ABPA is more
prevalent in patients with HLA-DR2 or HLA-DR5 genotypes and less prevalent in
individuals with a HLA-DQ2 genotype [31]. The presence of a single CFTR mutation also
appears to be a risk factor for ABPA, with a previous study showing increased prevalence
of ABPA in individuals with CFTR heterozygosis [32].

Diagnosis
Diagnosis of ABPA requires a series of diagnostic investigations alongside a suggestive
clinical history (table 1) [33–35]. Blood sampling typically reveals eosinophilia, raised total
IgE, and raised Aspergillus-specific IgE and IgG levels. Hypersensitivity to Aspergillus can
also be seen on skin testing. Sputum should be sent for fungal culture, although a negative
fungal culture does not exclude the diagnosis. Serial chest radiographs may show fleeting
pulmonary infiltrates or lobar collapse; CT of the thorax may show mucus plugging with
partial or complete obstruction of bronchi, and lobar collapse, patchy consolidation,
thickened and dilated bronchi, and central bronchiectasis. Specific diagnostic criteria were
first described over 40 years ago [33]. However, there are no universally accepted diagnostic
criteria for ABPA and newer diagnostic criteria have been proposed in 2013 by the
International Society for Human and Animal Mycology [35] and GREENBERGER [36]. The
original criteria described by ROSENBERG et al. [33] involved eight major and three minor
criteria, and are probably the most widely used.

Staging
There are five clinical stages of ABPA: 1) acute; 2) remission; 3) exacerbation; 4) corticosteroid-
dependent asthma; and 5) fibrotic lung disease [37]. Staging should be assessed and
documented at diagnosis, and reassessed at follow-up visits. Patients may not necessarily
progress through the stages sequentially. A four-stage radiological classification has also been
described that takes into account CT features with serological results, with higher staging
indicating increasing severity of disease. Stage 1 is serological ABPA with no evidence of
bronchiectasis, stage 2 is ABPA with bronchiectasis, stage 3 is ABPA with high-attenuation
mucus plugs and stage 4 is ABPAwith chronic pleuropulmonary fibrosis [35].

Treatment
The primary aims of treatment in ABPA should be to control symptoms of any underlying
lung disease, minimise acute exacerbations, prevent the development of bronchiectasis,
reduce pulmonary inflammation and minimise the risk of progression to cavitary or fibrotic
lung disease. Patients should be reviewed by a specialist respiratory physiotherapist with a
view to optimising ACTs. Any potential environmental source of recurrent Aspergillus
exposure should be identified and measures put in place to minimise future exposure.

Treatment with oral corticosteroids forms the mainstay of treatment. A dose of
0.5 mg·kg−1·day−1 of prednisolone is the usual recommended starting dose when treating
newly diagnosed ABPA or an acute exacerbation [38]. This dose is usually continued for
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Table 1. ABPA diagnostic criteria

ROSENBERG et al. [33]
criteria, 1977

ABPA in CF minimal diagnostic
consensus criteria, 2003 [34]

ISHAM criteria, 2013 [35] GREENBERGER [36] truly minimal
criteria for ABPA–central
bronchiectasis, 2013

Major criteria
Asthma
Presence of transient

pulmonary infiltrates
Immediate cutaneous

reactivity to Aspergillus
fumigatus

Elevated total serum IgE
Precipitating antibodies

against A. fumigatus
Peripheral blood

eosinophilia
Elevated serum IgE and

IgG to A. fumigatus
Central/proximal

bronchiectasis with
normal tapering of
distal bronchi

Minor criteria
Expectoration of

golden-brownish
sputum plugs

Positive sputum culture for
Aspergillus spp.

Late (Arthus type) skin
reactivity to A. fumigatus

Acute or subacute clinical deterioration
(increased cough, wheezing, exercise
induced asthma, increased sputum,
decrease in pulmonary function)

Serum total IgE concentration
>500 IU·mL−1

Immediate cutaneous reactivity (skin
sprick test) to Aspergillus or presence
of serum A. fumigatus-specific IgE

Precipitins or IgG to A. fumigatus or
abnormal chest radiograph or chest
HRCT not responsive to antibiotics or
physiotherapy

Predisposing conditions
Asthma
CF

Obligatory criteria
Positive immediate skin test or

elevated IgE levels against
A. fumigatus

Elevated total IgE levels
(>1000 IU·mL−1)#

Other criteria (at least 2 of 3)
Presence of precipitating or IgG

antibodies against A. fumigatus in
serum

Radiographic pulmonary opacities
consistent with ABPA

Total eosinophil count >500 cells
per μL in steroid-naïve patients
(may be historical)

Asthma
Immediate cutaneous reactivity
to Aspergillus spp.

Total IgE >1000 ng·mL−1

Central bronchiectasis on HRCT

ISHAM: International Society for Human and Animal Mycology. #: if patient meets all other criteria, IgE <1000 IU·mL−1 may be acceptable.
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2 weeks before switching to alternate-day dosing for a further 2 months. The dose can then
be tapered by 2.5 mg every 2 weeks, when a >35% decline in serum total IgE levels is
reached. Triazoles may reduce Aspergillus colonisation of the airways and, therefore, the
antigen stimulus to the hypersensitivity response. Itraconazole has been shown to allow
reduction in corticosteroid dose as well as improving lung function, total IgE levels and
exercise tolerance [39]. In selected individuals with very severe or life-threatening exacerbations
of ABPA, or patients with poor response to both oral corticosteroids and triazole therapy, a
3-day course of intravenous methylprednisolone at a dose of 10–20 mg·kg−1·day−1 may
produce a satisfactory clinical response [40].

The role of itraconazole monotherapy has also recently been studied and when treating
acute exacerbations of ABPA in asthmatic patients, itraconazole monotherapy does not
appear to be quite as effective as corticosteroids [41]. Therefore, caution must be used
when deciding on the use of itraconazole monotherapy in ABPA, despite its favourable
side-effect profile. When itraconazole is prescribed, its ability to inhibit steroid metabolism
predisposes to a potential risk of Cushing’s syndrome in those also receiving inhaled or
systemic corticosteroids, and a subsequent risk of adrenal insufficiency on withdrawal of
triazole and/or corticosteroid therapy.

Omalizumab, a monoclonal antibody against IgE, has been trialled as an adjunctive
therapy in both asthma- and CF-associated ABPA, and can decrease total IgE levels,
reduce exacerbations and enable reduction of corticosteroid dose; however, further
research is required before it or other biologics can be recommended as a standard
treatment of ABPA [42].

Reponses to treatment can be judged by a combination of subjective improvement in
patient symptoms, resolution of changes in radiological features, a reduction in serological
markers and abolition of Aspergillus from respiratory tract samples. The optimal duration
before treatment is tapered is still largely an empirical clinical decision, and there remains a
need to develop and evaluate accurate markers of treatment response that can be used to
guide treatment duration in this complex condition.

Chronic pulmonary aspergillosis including simple aspergillomas

Clinical features and diagnosis
CPA is characterised by the presence of symptoms (respiratory and/or constitutional) or
progressive radiological changes for ⩾3 months’ duration in patients with evidence of
Aspergillus infection or an immunological response to Aspergillus, and in whom other
causes for their symptoms and/or radiological abnormalities have been excluded (figure 2)
[43]. The typical symptoms described in CPA patients include cough, intermittent
haemoptysis, dyspnoea, chest pain, intermittent fevers, lethargy, fatigue and weight loss.

CPA tends to occur in patients with normal immunity but is described in some patients
with subtle immunodeficiencies [43]. The majority of CPA patients have an underlying
lung disease, with mycobacterial infections (TB and NTM) followed by ABPA being among
the commonest predisposing conditions [44]. Underlying bronchiectasis, both post-TB and
nontuberculous in aetiology, have been described in some patients [45–47].

Several radiological presentations of CPA disease have been described, including chronic
cavitary pulmonary aspergillosis (CCPA) (previously termed “complex aspergilloma”), simple
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aspergilloma, chronic fibrosing pulmonary aspergillosis (CFPA) and aspergillus nodule(s).
Subacute invasive aspergillosis (SAIA) or chronic necrotising/semi-invasive aspergillosis
occurs in patients with a moderate degree of immunodeficiency and has a similar clinical
presentation to CCPA, although some cases are occasionally encountered in patients without
an obvious immunodeficiency. It presents over a shorter time-frame of 1–3 months. Evidence
of Aspergillus infection in SAIA patients may be found by detecting galactomannan or
Aspergillus antibodies in blood, or the presence of invading hyphae in lung tissue [43].

CCPA is the commonest form of CPA. It typically presents with multiple lung cavities with
or without the presence of aspergilloma(s). The disease may progress over years without
treatment. Cavities may increase in size, develop thickened walls and intraluminal material,
and subsequently, an aspergilloma may develop within the cavity. Pericavitary infiltrates
may also occur and can spread to involve the pleura [43]. In some patients, severe lung
fibrosis with associated destruction of lung parenchyma develops. This tends to be
unilateral in nature, and can involve one lobe (classified as CCPA), more than one lobe or
the entire lung (termed CFPA) [48].

Aspergillomas are less commonly encountered and are a late feature of CPA. They
are composed of fungal hyphae and extracellular matrix. They usually develop in a
single pre-existing cavity (termed simple aspergilloma) or in several lung cavities as
sequelae following mycobacterial infections, pyogenic pulmonary infections,
bronchiectasis, neoplasms and other cystic lung diseases such as sarcoidosis [49].
There may be no radiological evidence of disease progression of the aspergilloma
over many months. Aspergillomas are described in up to 7% of ABPA patients [50],
and are described in bronchiectasis patients [51] where they may be present in
post-TB cavitary lesions, bronchiectatic cavities and within dilated bronchioles [45].
Patients often have few respiratory or constitutional symptoms but may present with
intermittent haemoptysis.

Aspergillus nodule(s) (<3 cm in diameter) have recently been described as a less frequent
presentation of CPA. They tend to be predominantly seen in the upper lobes and can be

a)

b)

Figure 2. a) Chest radiograph of a patient with chronic pulmonary aspergillosis (CPA). b) CT image of a
patient with CPA.

194 https://doi.org/10.1183/2312508X.10016117

ERS MONOGRAPH | BRONCHIECTASIS



unilateral or bilateral in nature. Some patients may present will multiple nodules affecting
all lobes. The diagnosis is made histologically, and the nodules may contain fungal hyphae,
granulomatous inflammation and/or necrosis [52]. Tissue invasion is not seen. Pulmonary
nodules in patients with both rheumatoid arthritis and CPA may be pure rheumatoid
nodules or nodules in which Aspergillus is also present [43].

Management
Management of CPA is aimed at controlling symptoms and disease progression in order
to prevent further loss of respiratory function and reduce the risk of further
complications. A small proportion of patients, including some with aspergillomas, do not
require antifungal therapy as they are asymptomatic and have no radiological evidence of
disease progression. They should be closely followed up to confirm that their disease
remains stable [43].

Antifungal therapy
The majority of CPA patients will require treatment and for most forms of CPA, antifungal
therapy is the mainstay of therapy. It is recommended for all patients presenting with
SAIA. Surgical resection or no antifungal therapy and close observation is the first-line
treatment option for patients with simple aspergillomas [43, 53].

The first-line medical treatment for patients with CPA is triazole antifungal therapy.
Itraconazole and voriconazole therapy are the preferred treatment options due to the
current strength of clinical evidence available on their efficacy in this patient group.
Posaconazole is used as a third-line treatment option in patients who have clinically failed
or been intolerant to other triazoles, or if there is documented resistance to other azoles
[53]. Few data are currently available on the efficacy of the newer triazole, isavuconazole, in
the management of CPA, although this drug is has a similar efficacy to voriconazole in the
treatment of invasive aspergillosis [54].

The optimum duration of triazole therapy in CPA remains unclear but a minimum of
4–6 months therapy in the first instance is recommended to assess response to treatment,
as clinical improvement tends to occur slowly [43]. Relapse of symptoms is relatively
common off treatment [55] and some patients may require long-term antifungal therapy.
SAIA treatment is similar to that for invasive aspergillosis: duration of therapy is usually
6 months but may need to be extended in some patients [43].

Intravenous antifungal therapy is a treatment option for patients with progressive
disease, with either triazoles, echinocandins or liposomal amphotericin. Micafungin is
the preferred echinocandin based on the available efficacy data, and clinical response
rates to a short course of therapy (2–4 weeks duration) were ∼60% and similar to
those observed in patients receiving voriconazole (53%) [56]. A short course (<6 weeks
duration) of liposomal amphotericin B has been associated with clinical response rates
of ∼74% [57].

Intracavitary instillation of antifungal therapy with amphotericin B, either percutaneously
or via bronchoscopic guidance, has been used in a small number of CPA patients with
aspergillomas to help control their disease [58]. For patients with evidence of IFN-γ or
IL-12 deficiency, adjuvant IFN-γ therapy may be beneficial [43].
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Management of haemoptysis
Haemoptysis is a relatively common feature of CPA disease and often seen in patients with
aspergillomas [45, 51]. Mild and moderate haemoptysis is managed by tranexamic acid and
triazole therapy. Larger-volume haemoptysis, which can be life threatening, may require
bronchial artery embolisation and surgical options for longer-term control of haemoptysis
should also be considered [59].

Surgery
Surgical resection, such as lobectomy and sublobar resection, remains a definitive treatment
option for some patients with an aspergilloma. For patients with more extensive disease, a
pneumonectomy may be required. Surgical complications include a prolonged air leak, the
development of an empyema, a bronchopleural fistula and a persistent pleural space.
Complications following surgery are more frequent in patients with CCPA than patients
with an isolated aspergilloma [60].

Complications
Complications of CPA include worsening respiratory function, haemoptysis, lung fibrosis
(developing CFPA) and secondary bacterial infections including those within lung cavities.
Common bacterial pathogens include S. pneumoniae, H. influenzae, Staphylococcus aureus
and P. aeruginosa [53]. CPA disease is associated with a significant morbidity and
mortality. In a large cohort of CPA patients, survival at 1, 5 and 10 years respectively was
86%, 62% and 47%. Patients with concomitant NTM infections and those with
aspergillomas had an increased mortality rate. Patients with bilateral aspergillomas had a
worse prognosis than patients with a single aspergilloma [61].

Invasive aspergillosis

Invasive aspergillosis is seen in immunocompromised patients, often in the setting of
prolonged neutropenia, following bone marrow transplants or solid organ transplants, in
patients with other underlying immunodeficiencies and in patients on long-term
corticosteroid therapy [53, 62]. It has been described in patients with bronchiectasis
secondary to recurrent lower respiratory tract infections as a consequence of an underlying
immunodeficiency such as Job’s syndrome [63].

Corticosteroid therapy is risk factor for the development of invasive aspergillosis in patients
with otherwise normal immunity. Cases have been described in COPD patients receiving
prolonged courses of steroids or daily doses >20 mg prednisolone [62]. As one of the
treatment strategies for ABPA is prolonged courses of corticosteroid therapy, one would
anticipate an increased risk of developing invasive aspergillosis or SAIA in this patient
group although currently, this is rarely described [64, 65].

The diagnostic criteria for proven, probable and possible invasive aspergillosis are well
described in a haematological setting and these criteria are used to define invasive
aspergillosis in other patient groups. The criteria for proven invasive aspergillosis include
histological evidence of tissue invasion or Aspergillus culture from a sterile site. Host factors,
clinical criteria and mycological criteria (direct tests such as culture, microscopy and
histology, and indirect tests such as galactomannan and BDG) are used to define the probable
and possible invasive aspergillosis groups. Although prolonged corticosteroid usage at a dose
of 0.3 mg·kg−1·day−1 for >3 weeks is a documented host factor for invasive aspergillosis the
criteria excludes patients with ABPA receiving steroid therapy in the definition [10].
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The first-line treatment for invasive aspergillosis is voriconazole therapy. This is based on the
improved clinical outcomes observed in this patient group compared with patients receiving
deoxycholate amphotericin [66]. Liposomal amphotericin B and isavuconazole are currently
the second-line treatment options, and salvage treatment options include echinocandins,
posaconazole and itraconazole. Duration of therapy is at least 6–12 weeks and is dependent
upon the clinical response observed, the site of infection, and the severity and duration of
the underlying immunosuppression. Patients who remain immunosuppressed in the
long-term should be given secondary prophylaxis to prevent recurrence of their invasive
aspergillosis disease [53].

Invasive aspergillosis is associated with a significant mortality and prompt treatment is
advised. It may also be complicated by massive haemoptysis.

Anti-fungal therapy for Aspergillus disease

Antifungal treatments available for the management of Aspergillus disease include triazole
therapy, liposomal amphotericin B and echinocandins (table 2). The main antifungal
treatment regimens recommended as first-line therapy are the triazoles. Liposomal
amphotericin B is a second-line treatment option for invasive aspergillosis and is used in
CPA in patients with progressive disease or in those who have lost their triazole treatment
option either due to intolerance, development of resistance or clinical failure.
Echinocandins are used in CPA patients for similar indications to those of liposomal
amphotericin [43, 53]. In ABPA, nebulised amphotericin B in addition to triazole therapy
may be a treatment option [67].

Table 2. Systemic antifungals with activity against Aspergillus species

Currently available
Triazoles: ergosterol synthesis inhibitors
Itraconazole (oral/intravenous), voriconazole (oral/i.v.), posaconazole (oral/i.v.), isavuconazole

(oral/i.v.)
Echinocandins: β-glucan synthesis inhibitors
Micafungin (i.v.), caspofungin (i.v.), anidulafungin (i.v.)

Polyene antifungals: ergosterol binding; membrane disruption
Amphotericin B (i.v.): liposomal and nonliposomal preparations

In development
Triazoles: ergosterol synthesis inhibitors
PUR 1900 (itraconazole powder) (inhaled)
PC945 (inhaled)

Echinocandins: β-glucan synthesis inhibitors
Rezafungin (i.v., once a week)

Other
SCY-078 (oral/i.v.): triterpenoid (glucan synthase inhibitor)
Olorofim (F901318) (oral/i.v.): orotomide (dihydroorotate dehydrogenase inhibitor)
VL-2397 (ASP-2397) (i.v.): novel new antifungal mechanism, enters cell via Sit1 and inhibits
an intracellular target (not currently identified)

APX001 (oral/i.v.): inhibits the highly conserved fungal enzyme Gwt1

Sit1: siderophore iron transporter 1.
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The triazoles are available in oral and intravenous formulations. Itraconazole capsules
require a low gastric pH for absorption and therefore patients taking proton pump
inhibitors should leave at least a 4-h gap between the medications. Patients with
achlorhydria may absorb this formulation of itraconazole poorly; the liquid formulation is
better absorbed but has more gastrointestinal side-effects [53]. Posaconazole liquid,
however, is less well absorbed than the tablet formulation.

Common side-effects of itraconazole therapy include gastrointestinal symptoms,
hypokalaemia and a biochemical hepatitis. Heart failure is a rare side-effect. Voriconazole
therapy is commonly associated with the development of a biochemical hepatitis, visual
disturbances, a photosensitive rash with an increased risk of pre-malignant lesions and
skin malignancies, and central nervous system symptoms including confusion,
hallucinations and hypokalaemia. The intravenous formulation of voriconazole contains
cyclodextrin, which can accumulate in patients with an estimated glomerular filtration
rate (eGFR) <50 mL·min−1 per 1.73 m2. The common side-effects of posaconazole
therapy include gastrointestinal side-effects, electrolyte disturbances and fatigue.
Itraconazole, voriconazole and posaconazole can all cause a QT interval (QTc)
prolongation and have been associated with the development of a peripheral neuropathy.
Isavuconazole has a long half-life, and a similar side-effect profile to the other triazoles
but fewer visual side-effects and less photosensitivity than voriconazole [53]. It also
shortens the QTc.

All triazoles have important interactions with cytochrome P450 (CYP) enzymes and
in particular CYP34A. Voriconazole is also an inhibitor of CYP2CIP. As a result,
there are important drug–drug interactions to consider with this group of drugs and
careful review of concomitant medications is required prior to starting treatment.
Therapeutic monitoring of triazole therapy is recommended both to reduce the risk of
toxicity and prevent subtherapeutic levels, which could increase the risk of developing
drug resistance.

Triazole treatment options should be guided by any A. fumigatus sensitivity data available,
as triazole resistance is an increasing clinical problem in some geographical areas [8, 9].
International guidance is available for the management of such patients with multiazole
resistance [68].

Intravenous liposomal amphotericin B has been associated with arrhythmias, electrolyte
disturbances such as hypokalaemia and hypomagnesaemia, and renal toxicities including
the development of an acute kidney. In one case series, 34 out of 68 patients developed an
increased risk of an acute kidney injury and 17 patients experienced an acute kidney injury.
Significant reductions in eGFR persisted after treatment completion [57]. Patients starting
liposomal amphotericin B therapy should initially receive a test dose as anaphylactoid
reactions have been described.

The side-effects of micafungin, an echinocandin, include headaches, electrolyte disturbances,
cholestasis and blood pressure changes.

Nebulised deoxycholate amphotericin is poorly tolerated in some patients. In a small study
of 20 ABPA and severe asthma with fungal sensitisation patients, seven failed the initial
challenge due to bronchospasm and three further patients later stopped treatment for
delayed bronchospasm [67].
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Other fungi

There are a number of studies confirming the isolation of filamentous fungi and yeasts
other than Aspergillus in lower respiratory tract samples from CF patients, although the
true epidemiology of different fungal species is often hampered by a lack of standardisation
of methodologies used for their detection and identification, in addition to differing
demographics of patients between studies. The prevalence of Scedosporium species and
Lomentospora prolificans (previously known as Scedosporium prolificans) varies between
8% and 17% in CF studies. The clinical significance is often unclear; in one study, there
was no association with increased rate of decline in FEV1 [69], but these fungi can cause
mycetomas and allergic bronchopulmonary mycosis, and pose a risk of disseminated
infection post-transplant. Trichosporon species can also colonise CF airways [70] and there
are individual case reports of respiratory infection [71, 72]. Exophiala has a reported
prevalence of 6–19% [73, 74] with individual case descriptions of infection [75, 76]. In a
prospective, longitudinal observational study, nine (8.1%) out of 111 CF patients had a
positive sample for Pneumocystis at baseline or at a 1–4-month follow-up visit but none
developed chronic infection. However, Pneumocystis jirovecii was more likely to be detected
during an exacerbation (seven (9.2%) out of 76 patients) compared with stable visits (three
(2%) out of 150) (p=0.03) [77]. Other fungi, including Alternaria, Cladosporium and
Penicillium species, have also been reported in CF.

In contrast to CF, the published data on fungi other than Aspergillus in non-CF bronchiectasis
is considerably lacking. Furthermore, the data from CF studies cannot be assumed to
predict microflora in non-CF bronchiectasis; there are examples of clear differences in the
presence of bacterial species in CF in contrast with non-CF bronchiectasis. For example,
the acquisition of chronic P. aeruginosa infection is almost inevitable for the majority of
patients with CF but chronic infection has a much lower prevalence in patients with
non-CF bronchiectasis; also, other pathogenic CF bacteria, such as organisms of the
Burkholderia cepacia complex, are rarely encountered in non-CF bronchiectasis.

Fungal species were not detected in one study in 113 young children who had a BAL at the
time of their diagnosis of bronchiectasis, despite the majority having evidence of bacterial
colonisation [78]. One study conducted in Spain evaluated the prevalence of both Aspergillus
and Candida in 252 adults with non-CF bronchiectasis, excluding those subjects with known
ABPA [79]. A total of 114 (45%) patients had at least one isolation of Candida, whilst 71
(34%) patients had persistent isolation of Candida from sputa. These patients with persistent
isolation of Candida from sputa were more likely to be older, co-colonised with P. aeruginosa,
receive more courses of oral corticosteroids and be prescribed long-term antibiotics. They also
had higher daily sputum loads of mucopurulent sputum, higher dyspnoea scores, more
hospital treated exacerbations, and worse FEV1 (58% versus 71% of predicted, p=0.012) and
FVC (68.1% versus 78.8% of predicted, p=0.003). The role of Candida species in the
pathogenesis of non-CF bronchiectasis is still largely unknown. Whilst the increased rates of
isolation of Candida can be mostly presumed to be contaminants from upper airway
overgrowth in patients receiving antibiotics and/or corticosteroids, such pure assumptions are
being challenged in other conditions. In one study, patients with CF demonstrated similarly
high rates of colonisation with Candida (49%); exacerbation rates were significantly increased
in patients with chronic or intermittent colonisations following first acquisition of Candida
albicans, and chronic colonisation was associated with accelerated rate of decline in FEV1 and
BMI [80]. Other fungi were also isolated in the study by MÁIZ et al. [79] from adults with
non-CF bronchiectasis, albeit relatively infrequently, including Penicillium in four subjects,
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Scedosporium in three subjects, Mucor in three subjects, Fusarium in two subjects, and
Alternaria, Rhodotorula and Saccharomyces in one patient each.

It is now recognised that in many chronic respiratory diseases, the lung is inhabited by a
complex biome of micro-organisms that are interdependent for growth and survival.
Evolving knowledge of the fungal and nonfungal microbiota in bronchiectasis, both
through specialist culture and nonculture based methodologies, is likely to help our future
understanding of the potential role of fungi in the pathogenesis of bronchiectasis.

Implications for lung transplantation

Lung transplantation is a treatment option for those patients with bronchiectasis who have
severe diffuse disease and respiratory failure or progressive disease despite maximal medical
therapy. The required immunosuppression post-transplantation renders patients susceptible
to various infective complications with bacterial, viral and fungal pathogens. Aspergillus
infection is a particularly frequent complication in transplanted lungs, causing episodes of
tracheobronchitis, anastomotic infections and invasive pulmonary aspergillosis. As such,
some lung transplant teams advocate prompt antifungal treatment if Aspergillus is isolated
from respiratory samples of patients who are awaiting a lung transplant, in addition to the
use of antifungal prophylaxis in the peri-transplant period. The presence of aspergillomas
pre-transplantation is associated with higher post-transplant mortality [81] and has led to
reluctance by some transplant units to list such patients for a lung transplant. Infections
with other fungi, such as Scedosporium species and L. prolificans, although much rarer than
Aspergillus, can also cause significant morbidity and mortality in immunocompromised
lung transplant recipients [82, 83], and consideration should be given to treatment for these
in patients listed for transplant.

Conclusion

Aspergillus is a challenging pathogen in bronchiectasis, with the potential to exert both a
direct pathogenic role and stimulate a potentially damaging host hypersensitivity
response; this in turn creates a number of different endotypes of disease, ranging from
hypersensitivity to CPA. The assessment of whether Aspergillus is a clinical bystander or
a true pathogen in a patient with non-CF bronchiectasis is often complex and challenging,
and requires the clinician to take into account a combination of clinical and radiological
features together with the results of microbiological testing and measurements of host
immune response. There are significant challenges in the treatment of Aspergillus disease,
including for established antifungal agents: a high side-effect profile, drug interactions,
cost, achieving consistent therapeutic systemic antifungal levels and the emergence of
resistance in some isolates; however, treatment options are expanding. Further research is
urgently required to meet these challenges and explore the potential role of other fungi in
non-CF bronchiectasis.
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| Chapter 12

Diagnosis, classification and
epidemiology of pulmonary
nontuberculous mycobacterial
disease
Timothy M. Baird1 and Rachel Thomson2

NTM are ubiquitous environmental organisms that have been postulated as a cause of
progressive bronchiectasis in their own right and also commonly colonise and infect patients
with pre-existing bronchiectasis from other causes. The interplay can be complex
pathophysiologically and it is not always clear which came first in the individual patient.
Clinicians need to be astutely aware of the primary disease process, how to assess the
significance of NTM isolation in sputum of bronchiectasis patients, particularly when
co-infection with other organisms is present, understand when and how NTM should be
treated, and at the same time, deliver optimal management of the underlying bronchiectasis.

Cite as: Baird TM, Thomson R. Diagnosis, classification and epidemiology of pulmonary nontuberculous
mycobacterial disease. In: Chalmers JD, Polverino E, Aliberti S, eds. Bronchiectasis (ERS Monograph).
Sheffield, European Respiratory Society, 2018; pp. 204–221 [https://doi.org/10.1183/2312508X.10014818].
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NTM can play a significant role in the aetiology and progression of bronchiectasis.
Clinicians should screen patients and follow published guidelines for diagnosis and
treatment of significant disease. http://ow.ly/Yva330ksJkB

NTM consist of >180 species of mycobacteria other than Mycobacterium tuberculosis
complex and Mycobacterium leprae. They have been divided into those that grow in

culture within 7–10 days (rapidly growing mycobacteria, e.g. Mycobacterium abscessus and
Mycobacterium fortuitum) and those that take longer (slowly growing mycobacteria, e.g.
MAC and Mycobacterium kansasii). The predominant source of NTM organisms is still
assumed to be the environment, with evidence implicating dust, soil, water and shower
aerosols in patient acquisition of infection [1]. However not all NTM strains found in the
environment have been definitively associated with disease in humans. Studies that have
genotypically matched patient isolates with those found in the environment in which they
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are exposed have provided evidence for associating infections with M. abscessus,
Mycobacterium avium, M. kansasii, Mycobacterium lentiflavum, Mycobacterium porcinum
and M. fortuitum to household, hospital and municipal water and shower aerosols [1–6]. It
was also thought that the majority of Mycobacterium intracellulare infections came from
water. However, the isolates associated with these infections have been shown to be
Mycobacterium chimaera, a closely related species within the MAC [7]. A wide variety of
NTM have been found in house dust [8, 9], and evidence supports soil and house dust as
sources of infection with M. avium and M. intracellulare [10, 11].

Recent evidence has challenged the belief that NTM are not transmissible between patients
[12, 13]. An outbreak of M. abscessus infections within a CF unit in Cambridge (UK)
prompted an analysis of the whole genome sequence of patient isolates, which suggested
that patient-to-patient transmission was possible [12]. This then led to an international
comparison of M. abscessus isolates from CF units from several countries [13]. The
evolutionary genomics of these isolates suggested that the majority of infections are
acquired through transmission of recently emerged dominant circulating clones that have
spread globally. Evidence to support fomite [14] and cough aerosol transmission [13] has
been presented. However, identical patient and water isolates of M. abscessus have also been
demonstrated, and M. abscessus has been grown from shower aerosols. Hence, acquisition
of patient infection from the environment also probably occurs [2, 3]. The “global spread”
referred to by BRYANT et al. [13] probably involves the environment, but further
investigation is required.

Nontuberculous mycobacteria and bronchiectasis

Similar to CF, patients with bronchiectasis, regardless of aetiology, have an increased risk of
acquiring NTM infections. In early studies reporting the microbiology of patients with
bronchiectasis, NTM prevalence ranged from 0% to 40% [15–18], with variability possibly
explained by frequency of patient screening/testing, microbiological methods and the
geographical diversity of NTM in different countries. A summary of recent larger studies
documenting the frequency of NTM isolation in patients with bronchiectasis is presented
in table 1. Features associated with NTM isolation and disease include female sex, age
>65 years, FEV1 >75% predicted, nonsmoking history, lower BMI and previous TB.

The geographic diversity of NTM across the globe has been well documented [32]. Species
of NTM associated with bronchiectasis tend to be those associated with the nodular
bronchiectatic form of NTM pulmonary disease (NTM-PD) (i.e. MAC, M. abscessus and
other slow growers), as opposed to those that are more often associated with fibrocavitary
disease (such as M. kansasii and Mycobacterium xenopi) (table 1).

Reports from many countries have revealed an increasing incidence and prevalence of
NTM-PD [33–35]. Similarly, the proportion of NTM-affected patients from bronchiectasis
cohorts has also increased (table 1). Reasons include an increased awareness of the
significance of these pathogens, and subsequent increases in screening and regular
surveillance for NTM, improved medical care and increased longevity, and improved
microbiological and radiological testing. Changes within the environment, such as
increased use of disinfection in medical and industrial settings, may also contribute to
increased exposure of at-risk individuals, by selectively eliminating non-mycobacterial
pathogens and reducing competition for nutrients.
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Table 1. Frequency of NTM isolation in patients with bronchiectasis

First author [ref.] Time of
study

Year
published

Country Sample
size

Age
years#

NTM % (ATS
disease¶ %)

Species (n)

WICKREMASINGHE [17] 1991–2001 2005 UK 100 26–85 2 MAC (28), Mycobacterium kansasii (6), Mycobacterium
chelonae (6), Mycobacterium fortuitum (3),

Mycobacterium malmoense (4), Mycobacterium
xenopi (1)

NICOTRA [15] 1985–1993 1995 USA 152 57.2±16.7 22.8 MAC (21)

WANG [19] 2001–2006 2008 China 105 13–76 6.7 M. chelonae (5), MAC (1), slowly growing
mycobacteria (1)

LEE [20] 2002 2004 South
Korea

866 59 8.1 MAC (26), Mycobacterium abscessus (9), M. fortuitum
(8), M. chelonae (2), M. kansasii (2), Mycobacterium

terrae (3), Mycobacterium gordonae (3),
Mycobacterium scrofulaceum (1), mixed infections

(3), not defined (4)

KING [21] 1990–2004 2007 Australia 89 57±14 2 MAC (2)

KOH [22] 2000–2002 2005 South
Korea

105 17–88 34 (30) Mycobacterium avium (10), Mycobacterium
intracellulare (8), M. abscessus (14), M. kansasii (1),

M. fortuitum (1), NA (2)

PALWATWICHAI [23] 1998–1999 2002 Thailand 50 30–85
(mean 58)

6 M. kansasii (2), M. chelonae (2)

FOWLER [18] 2002–2003 2006 UK 98 59 10.2 MAC (3), M. fortuitum (3), M. malmoense (1),
M. xenopi (3), Mycobacterium simiae (1), other (4)

TABARSI [24] 2002–2006 2009 Iran 79 22–70 15 M. chelonae (8), M. simiae (2), Mycobacterium alvei
(1), Mycobacterium farcinogenes (1)

AKSAMIT [25] 2008–2014 2017 USA 1826 50–78 63 MAC (484), M. abscessus/chelonae (130), M. kansasii
(8), M. gordonae (37), other NTM (36)

Continued

206
https://doi.org/10.1183/2312508X.10014818

ER
S
M
O
N
O
G
R
A
P
H

|
B
R
O
N
C
H
IEC

TA
SIS



Table 1. Continued

First author [ref.] Time of
study

Year
published

Country Sample
size

Age
years#

NTM % (ATS
disease¶ %)

Species (n)

MÁIZ [26] 2002–2010 2016 Spain 218 55.7 8.3 (2.3) MAC (9), M. abscessus (3), M. fortuitum (2),
M. gordonae (2), M. chelonae (1), Mycobacterium

lentiflavum (1), M. simiae (1), M. avium+M. simiae (1)

FAVERIO [27] 2012–2015 2016 Italy 261 51–76 12 (8.8) M. avium (13), M. intracellulare (11), M. chelonae (2),
M. gordonae (4)

ZOUMOT [28] 2004–2009 2014 UK 52 63.1±12.7 NA MAC only included

MIRSAEIDI [29] 1999–2006 2013 USA 182 64.5±15.1 37 (30) MAC (55), M. chelonae (5),
M. kansasii (2), other (6)

XU [30] 2009–2012 2014 China 3857 NA 11.2 (4.98) NA

VISSER
+ 2016 2017 Australia 610 66 14 NA

DAGAN
+ Not stated 2017 Israel 63 2–84

(median
35)

21 NA

FUKS
+ 2017 2017 Israel 390 42–90 7.7 MAC (8), M. intracellulare (8), M. simiae (8),

M. fortuitum (3), M. abscessus (3)

JABEEN+ 2013–2017 2017 Pakistan 84 50.3±19.9 27.4 M. kansasii (9), MAC (6), M. fortuitum (2)

SHTEINBERG
+ 2010 2017 Israel 6369

(1930)§
5.7 (1.7)§ NA

NA: not available. #: age data are presented as range, mean±SD or mean, unless otherwise stated. ¶: proportion of patients who met the American
Thoracic Society (ATS)/Infectious Diseases Society of America criteria for diagnosis of NTM disease. +: conference abstracts from the World
Bronchiectasis Congress, Milan 2017. §: 6369 patients with bronchiectasis, 1930 had mycobacterial cultures available, 110 were positive for NTM.
Reproduced and modified from [31] with permission.
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There have been increasing reports of a specific patient phenotype associated with NTM
infection and bronchiectasis. These patients are predominantly female, presenting peri/
post-menopause, and demonstrate specific physical features such as above average height,
slender body type, pectus excavatum, thoracic scoliosis and hyper-mobile joints [36].
Radiological features include bronchiectasis, bronchiolectasis and small nodules, with
eventually cavity formation around bronchiectatic airways and a predilection for the
mid-zones of the lung. In 1999, FUJITA et al. [37] reported the pathological findings of
resected lung specimens of five patients with this form of MAC pulmonary disease. They
identified specific pathological and immune-histochemical findings of NTM infection relative
to CT findings, particularly extensive granuloma formation throughout the airways. They
concluded that bronchiectasis and bronchiolitis were definitely caused by MAC infections.
Subsequent reports associated other NTM pathogens with this particular phenotype.

However, the chicken–egg theory is not completely understood, as more recently these
patients have been found to have genetic defects associated with connective tissues,
immune function, CFTR and ciliary function, suggesting an underlying predisposition to
either bronchiectasis or NTM acquisition [38, 39]. An over-representation of patients with
CFTR mutations in NTM-PD cohorts supports the theory that there is an underlying
defect predisposing patients to both bronchiectasis and NTM. BIENVENU et al. [40]
demonstrated a continuum of nasal mucosal potential differences, compatible with a
spectrum of abnormalities related to mucosal ion transport, in patients with bronchiectasis
without CFTR mutations and patients heterozygous and homozygous for CFTR mutations.
This phenomenon is discussed further in another chapter in this Monograph [41].

How to diagnose patients with nontuberculous mycobacteria
pulmonary disease

Although the prevalence of NTM-PD is increasing worldwide, accurate diagnosis remains a
challenge. Due to the presence of organisms in the environment and the wide variety of
clinical manifestations, diagnosis relies on a constellation of clinical features, radiographic
findings and microbiological studies. The current diagnostic tools available to physicians
focus on risk factors, clinical symptoms, and radiological and microbiological
investigations. Various guidelines have been published to aid the differentiation between
contamination, colonisation and infection [4, 42, 43].

Risk factors

Pathogen virulence
It is becoming increasingly apparent that NTM species have different levels of virulence,
hence may be more or less likely to be associated with invasive disease. Specifically,
organisms such as Mycobacterium malmoense, Mycobacterium szulgai, M. kansasii,
M. xenopi, Mycobacterium shimoidei, M. abscessus and M. avium-intracellulare complex are
more likely to be pathogenic compared with the organisms M. fortuitum and
Mycobacterium simiae [4, 44–48]. Some NTM species such as Mycobacterium gordonae
and Mycobacterium terrae have rarely been shown to be pathogenic and almost exclusively
represent environmental contamination if isolated [4].

Environmental exposure
The environment and level of exposure also play an important role in acquisition of
infection, with studies demonstrating a link between home soil and water supplies in
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infected patients, as well as associations with activities that increase the burden of exposure
such as gardening and soil-related occupations [10, 49, 50], showering and hot tub use
[3, 6]. It should also be noted that numerous nosocomial outbreaks have been reported and
are often linked to hospital water systems, particularly haemodialysis units, surgical heater–
cooler systems and dental services [51, 52]. It is important to recognise these potential
environmental niches as they are often in close proximity to at-risk individuals.

Host factors
Studies have demonstrated structural lung disease to be strongly associated with an increased
risk of NTM-PD, which is likely to be due to a combination of epithelial damage and reduced
muco-ciliary clearance [53, 54]. Chronic lung diseases that pose the greatest risk include CF,
bronchiectasis, COPD, pneumoconiosis, previous M. tuberculosis, α1-antitrypsin deficiency
and pulmonary alveolar proteinosis [53, 55]. Furthermore, impaired host immunity associated
with combined variable immunodeficiency, autoimmune disorders, heterozygosity for CFTR
mutations [40, 56] and conditions that have traditionally been implicated in the development
of disseminated NTM infection, such as HIV, haematological malignancies, stem cell and
solid organ transplants, defects in IFN-γ and IL-12 [57], cytokine and macrophage signalling
pathways [58, 59], have all been associated with an increased risk of NTM-PD [60].

Additionally, treatment with various immunosuppressive drugs, specifically TNF-α inhibitors
[61], oral and inhaled corticosteroids [62–64], immunosuppressive agents used in solid organ
and stem cell transplants, and chemotherapeutic agents, have all been linked to the acquisition
of NTM infection. The exact impact of other medications including proton pump inhibitors
[65], azithromycin monotherapy [66] and inhaled antibiotics remains unclear; however, there
is suggestion of an increased NTM infection risk associated with these medications [67, 68].

Finally, as already mentioned, certain body phenotypes, particularly elderly females with a
low BMI and thoracic skeletal abnormalities (often referred to as Lady Windermere
syndrome) [36, 59], in addition to comorbidities including gastro-oesophageal reflux
disease [65], rheumatoid arthritis [69, 70] and vitamin D deficiency [70, 71], have all been
documented to pose an increased risk for developing NTM infection. All of these factors
should be carefully considered when investigating a patient with possible NTM-PD.

Clinical symptoms/presentation

The clinical symptoms of patients with NTM-PD are often nonspecific and can be
indistinguishable from bronchiectasis and other chronic lung diseases [54, 55, 72]. Most
patients present with cough, or with other respiratory symptoms such as sputum production,
haemoptysis and dyspnoea [4, 73]. Systemic complaints may also occur and include fatigue,
fever, weight loss, asthenia and/or anorexia [20, 54, 74] and atypical chest pains.

Radiological investigations

Radiological findings that support a possible diagnosis of NTM infection are varied and
can consist of a solitary nodule, centrilobular nodules, tree-in-bud opacities, bronchiectasis,
cavitation, and changes in pre-existing lung disease [75–78]. HRCT is the preferred
imaging modality as it has been shown to be more sensitive than chest radiography for the
detection of bronchiectasis, nodular infiltrates and small cavities [76]. However, these
findings can also be seen in other infections.
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Two distinct radiological patterns have been described: a fibrocavitary form that generally
occurs in males with underlying COPD, with or without bronchiectasis; and a nodular
bronchiectatic form that typically occurs in post-menopausal females (figure 1) [53, 77, 79].
In patients with pre-existent bronchiectasis the significance of NTM isolation can be
difficult to assess, but the finding of nodules associated with bronchiectasis has been shown
to be particularly indicative of NTM infection, with thin-walled cavities also suggestive of
NTM disease [22, 80–82]. It should be noted, however, that these radiological changes
cannot reliably differentiate between NTM and TB, or between NTM species [83–85].
Importantly, however, the presence of cavitary disease and/or consolidation have been
shown to be associated with an increased risk of progression and worse outcomes, and are
thus significant findings when considering treatment [83, 86, 87].

Recent studies have demonstrated potential roles for thoracic MRI and positron emission
tomography (PET)-CT, particularly in monitoring patients on treatment [43, 88, 89].
However, further studies are needed before they can become recommended routine
investigations.

a) b)

c) d)

Figure 1. HRCT demonstrating the two distinct types of nontuberculous pulmonary disease. a) Fibrocavitary
pattern with underlying emphysema mainly affecting the upper lobes. b) Nodular bronchiectatic pattern
mainly affecting the right middle lobe and lingula.
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Microbiological investigations

Sample collection
Obtaining microbiological proof of NTM infection is essential for the diagnosis of
NTM-PD. However, due to the possibility of contamination and/or colonisation,
culture-positive sputum or bronchial samples alone are insufficient for a diagnosis of
disease, and correlation with additional clinical and radiological evidence is required.
Expectorated sputum, induced sputa, bronchial washings, BAL or transbronchial lung
biopsy (TBLBx) are all appropriate for obtaining isolates; however, no systematic studies
have directly compared each modality [4, 35]. Although TBLBx may demonstrate
positive culture as well as granulomatous inflammation on histology, and thus arguably
be most suggestive of disease, the procedural risk needs to be considered [42, 90]. It
should also be noted that in the appropriate clinical setting, tracheal aspirates, pleural
fluid and tissue (CT-guided lung or surgical biopsy) have all been used to diagnose
NTM infection [91, 92].

Successful microbiological diagnosis relies on adequate specimen collection, proper
cultivation techniques and accurate organism identification [55, 93]. Guidelines suggest that
at least two positive cultures from separate sputa, one positive culture from either a
bronchial wash or BAL, or a positive culture with granulomatous inflammation from a lung
biopsy, are required to make a diagnosis of NTM-PD (table 2) [4, 43].

Microscopy and culture
Direct microscopy for acid-fast bacilli (AFB) should be undertaken, using either
auramine-phenol or Ziehl–Neelson staining. Auramine-phenol has been shown to have a
higher sensitivity compared with Ziehl–Neelson and is favoured [94, 95]. Samples should
be processed within 24 h and decontaminated prior to culturing using N-acetyl-L-
cysteine-sodium hydroxide, with additional oxalic acid in samples from patients with CF
[43, 96], which should also be considered for samples from patients with bronchiectasis
and Pseudomonas colonisation, where mycobacterial cultures can be overgrown. Both liquid
media (Mycobacteria Growth Indicator Tube) and solid media (Löwenstein–Jensen) should
be used for culturing NTM, generally at 37°C, for at least 8 weeks, extending to 12 weeks if
clinically indicated [35, 91].

Species identification and molecular techniques
Although non-culture-based methods are not currently recommended for the initial
detection of NTM respiratory isolates, positive isolates should undergo molecular testing
for correct identification to the species level, and to the subspecies level for the
M. abscessus complex [42, 97]. There is no current gold standard molecular technique that
is recommended for species identification of NTM isolates. Examining the various
techniques in detail is beyond the scope of this chapter; however, common tests currently
utilised include line probe assays (e.g. common mycobacteria and additional species tests
from Hain Lifescience GmbH, Nehren Germany), PCR product restriction analysis, and
partial gene sequencing (e.g. of the 16S, hsp65 and rpoB genes, and the 16S–23S internal
transcribed spacer region) [55, 93]. A relatively new technique, matrix-assisted laser
desorption/ionisation time-of-flight (MALDI-TOF) mass spectrometry, provides a
promising method for rapid species identification of NTM; however, optimisation of this
technique is required before it can be recommended for routine use [98, 99]. In suspected
outbreak situations where a common environmental source or patient-to-patient
transmission is suspected, various strain typing techniques can be used to assess clonality.
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Traditional techniques such as PFGE (pulsed-field gel electrophoresis), MIRU-VNTR
(mycobacterial interspersed repetitive units–variable number of tandem repeats),
repetitive-unit PCR and PCR-RFLP (PCR-restriction fragment length polymorphism) are
slowly being replaced as whole genome sequencing becomes more readily available and
affordable [12, 13, 43].

Drug susceptibility testing
Drug susceptibility testing for NTM should follow Clinical and Laboratory Standards
Institute (CLSI) guidelines [100]; however, it should be emphasised that the clinical value
remains mostly uncertain, with poor correlation between in vitro susceptibility and in vivo
response [4] (with the exception of macrolides in MAC pulmonary disease). It is accepted
practice that drug susceptibility testing should occur as follows: for MAC, clarithromycin
and possibly amikacin; for M. kansasii, rifampicin; and for M. abscessus, at least
clarithromycin, cefoxitin and amikacin (and preferably tigecyline, imipenem, minocycline,
doxycycline, moxifloxacin, linezolid, co-trimoxazole and clofazimine). Additionally, for
M. abscessus isolates, the CLSI has recently recommended extended incubation of isolates
in the presence of clarithromycin, as inducible resistance is associated with treatment
failure [42, 100–102].

Other investigations

There are a number of other investigations that should be considered during the diagnostic
work-up of individuals with suspected or proven NTM-PD. Although the risk of NTM infection
associated with CF (i.e. homozygous CFTR mutations) is well established, there are increasing
numbers of reported CFTR polymorphisms that predispose to bronchiectasis and NTM-PD

Table 2. American Thoracic Society/Infectious Diseases Society of America clinical and
microbiological criteria from 2007 for diagnosing NTM lung disease

Clinical (both required)
1 Pulmonary symptoms, nodular or cavitary opacities on chest radiograph, or a HRCT scan

that shows multifocal bronchiectasis with multiple small nodules; and
2 Appropriate exclusion of other diagnoses.

Microbiological
1 Positive culture results from at least two separate expectorated sputum samples; or
2 Positive culture result from at least one bronchial wash or lavage; or
3 Transbronchial or other lung biopsy with mycobacterial histopathological features

(granulomatous inflammation or AFB) and positive culture for NTM or biopsy showing
mycobacterial histopathological features (granulomatous inflammation or AFB) and one
or more sputum or bronchial washings that are culture positive for NTM.

• Expert consultation should be obtained when NTM are recovered that are either
infrequently encountered or that usually represent environmental contamination.

• Patients who are suspected of having NTM lung disease but do not meet the diagnostic
criteria should be followed until the diagnosis is firmly established or excluded.

• Making the diagnosis of NTM lung disease does not, per se, necessitate the institution of
therapy, which is a decision based on potential risks and benefits of therapy for
individual patients.

AFB: acid-fast bacilli. Reproduced and modified from [4] with permission.
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[42, 60]. Moreover, rates of heterozygosity for CFTR mutations within the non-CF population
with NTM-PD are reported to be between 30% and 50% [27]. As targeted therapy evolves,
specific testing for CFTR mutations should be considered in the appropriate clinical setting.

Additionally, as already outlined, specific immune deficiencies are a risk factor for NTM
infection [60]. In cases of persistent or recurrent severe infections, or in disseminated
disease, further immunological investigations should be considered. Specific tests that may
be ordered include lymphocyte subsets, Ig levels including IgG subclasses, HIV serology,
anti-IFN-γ and IL-12 antibodies, and cytokine release assays [54].

Epidemiological studies have demonstrated an association between vitamin D deficiency
and infection with both TB and NTM, in addition to in vitro treatment studies showing
that vitamin D plays a critical role in host defence against mycobacteria [71]. Thus,
investigating for vitamin D deficiency, with supplementation if required, is reasonable [42].

Currently, there is no role for skin testing or IFN-γ release assays in the diagnosis of NTM
infection [34, 55, 103]. However, there are two promising serological tests that have been
evaluated in different cohorts. An assay for MAC that detects IgA antibodies to
glycopeptidolipid core antigen was evaluated in a cohort of patients with MAC pulmonary
disease [72], MAC contamination [18], pulmonary TB [39], other lung diseases [47] and
healthy subjects [78], and found to have a sensitivity of 84.3% and a specificity of 100% for
the diagnosis of MAC pulmonary disease [104].

An assay for M. abscessus that detects IgG antibodies to mycobacterial antigen A60 was
evaluated in a cohort of 186 CF patients with and without American Thoracic Society
(ATS)/Infectious Diseases Society of America (IDSA)-defined pulmonary M. abscessus
disease, patients colonised with NTM other than M. abscessus and NTM-negative controls
[104, 105]. The sensitivity and specificity were 87% and 95%, respectively.

Differentiating between contamination, colonisation and infection

One of the major challenges for physicians is determining if an NTM isolate is a
contaminant, a coloniser, or truly represents pulmonary infection. Infection is best defined
according to the 2007 ATS/IDSA criteria for NTM-PD, which require the combination of
supportive clinical, microbiological and radiological evidence [4]. Alternatively, colonisation
is defined as the establishment of NTM within a patient’s respiratory microflora, without
evidence of disease or tissue invasion (i.e. without clinical symptoms or signs of active
disease) [106]. Finally, contamination is defined by a positive culture result without clear
evidence of infection or colonisation, thus likely representing environmental or laboratory
contamination during specimen handling [52].

In 1981, Emanuel Wolinsky proposed five postulates that could be used to help determine
the clinical relevance of an NTM isolate [106]. These remain pertinent today and include
the following: 1) the NTM species isolated (i.e. certain species are more likely to be
pathogenic); 2) the site of the positive specimen (i.e. sterile sites such as lung tissue are
more likely to represent infection); 3) the quantity of growth (i.e. a heavy bacillary load is
more likely associated with disease); 4) the repeated isolation of the same NTM species;
and 5) host risk factors (i.e. chronic lung disease, immune deficiencies) [54, 106]. These
postulates are outlined in table 3. These remain highly relevant three decades later, and
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consideration of these factors will assist in classifying an isolate as being clinically
significant or not, and as such, determine the optimal plan for appropriate monitoring
and/or treatment.

Monitoring of patients with nontuberculous mycobacteria
pulmonary disease

There are no formal guidelines that dictate the frequency and type of monitoring that
individuals with suspect or proven NTM-PD require. However, it is important that
adequate follow-up occurs until the diagnosis is confidently established or excluded [4].

There are generally four different clinical scenarios that a physician will be faced with when
confronted with a patient with suspected NTM-PD: an isolate that is deemed unlikely to be
clinically significant (i.e. a probable contaminant); an isolate that is possibly clinically
significant (i.e. a coloniser); an isolate that is likely to be clinically significant but does not
necessitate urgent active treatment (i.e. evidence of infection in a well patient); or an isolate
that is definitely clinically significant (i.e. infection in an unwell patient).

The decision as to whether a patient with suspected NTM infection should be treated is
discussed in another chapter in this Monograph [107]. However, the classification and
decision about whether to observe or treat will have an impact on the type and frequency
of monitoring required. In a patient whose NTM isolate is unlikely to be clinically
significant, follow-up every 3–6 months with clinical review, sputa and radiology (chest
radiograph and/or HRCT), until confident exclusion of disease, may suffice. Alternately, in

Table 3. Wolinsky’s clues to aid in the diagnosis of NTM pulmonary disease

Wolinsky’s
clue

In support of NTM-PD Other comments

Growth
quantity

High bacillary growth from specimen
(i.e. sputum/BAL)

Further supportive if high acid-fast
bacilli load under direct
microscopy

Recurrent
isolation

Repeated isolation of the same
NTM species

Identical organisms can now be
confirmed with whole genome
sequencing

Site of
specimen

Isolation from a sterile site (i.e. lung
tissue, pleural effusion) or isolation
from a targeted procedure (i.e. BAL)

Environmental and laboratory
contamination is possible for most
NTM species

NTM species Isolation of a highly virulent NTM species
(i.e. Mycobacterium malmoense,
Mycobacterium szulgai, Mycobacterium
kansasii, Mycobacterium xenopi,
Mycobacterium abscessus and MAC)

Some NTM species are nearly always
considered non-pathogenic
(i.e. Mycobacterium gordonae and
Mycobacterium terrae)

Host factors Chronic lung disease, immunodeficiency,
body phenotype (i.e. Lady Windermere
syndrome#)

NTM colonisation is also more
commonly seen in individuals with
chronic lung disease

#: post-menopausal elderly females, low BMI, thoracic skeletal abnormalities. Information from
[54, 106].
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patients with possible or likely clinically significant isolates who are not on treatment, close
monitoring for symptoms, sputa and radiology should occur at least every 3–6 months for
24 months or longer, until disease is confidently established or excluded.

In patients who have an isolate that is definitely clinically significant and are on treatment
(discussed in detail in another chapter in this Monograph [107]), a suggested follow-up
programme is as follows: monitoring of clinical symptoms and drug toxicities every
4–8 weeks; collection of three expectorated or induced sputum samples for AFB and culture
every 12 weeks; and radiology (chest radiograph and/or HRCT) every 6–12 months. For
individuals who cannot provide an adequate induced or expectorated sputum sample, an
HRCT scan should be performed every 6–12 months with targeted bronchoscopy (wash/
BAL) if required [61].

Summary of current guidelines

At present there are three major guidelines that have been formulated to aid physicians in
the diagnosis and management of NTM-PD. The most well known is the 2007 ATS/IDSA
statement published in the American Journal of Respiratory and Critical Care Medicine
[4]. This states that the minimum evaluation of a patient with suspect NTM-PD should
include the following: a chest radiograph or, if no cavitation, an HRCT scan; three or
more sputum specimens for AFB and culture; and exclusion of other pulmonary diseases
such as TB.

Importantly, the document provides distinct clinical and microbiological criteria that have
provided the platform for appropriate diagnosis of NTM-PD for the past decade (table 2).
These 2007 criteria were directly compared to the previous 1997 ATS criteria [108] and
were shown to increase the diagnosis rate from 57.7% to 67.2% (p<0.001), as well as
reducing the time to diagnosis from 46.4 to 36.2 days (p=0.002) [109].

Additionally, the statement suggests that the preferred AFB staining method is with
fluorochrome, that specimens should be cultured on both solid and liquid media, and that
NTM should be identified to the species level. Finally it suggests that drug susceptibility
testing should be performed for MAC (clarithromycin only), M. kansasii (rifampicin only),
and for the rapidly growing mycobacteria M. abscesssus, M. fortuitum and Mycobacterium
chelonae (amikacin, doxycycline, fluoroquinolones, a sulfonamide and linezolid, with
imipenem for M. fortuitum and tobramycin for M. chelonae) [4].

Since these 2007 ATS/IDSA guidelines were formulated, much progress has been made in
relation to NTM-PD, resulting in two recent guidelines being published by the United
States Cystic Fibrosis Foundation and the European Cystic Fibrosis Society [42] and by
the British Thoracic Society (BTS) [43]. Both still recommend following the 2007 ATS/
IDSA criteria for NTM-PD (table 2); however, they additionally outline a suggested
algorithm when investigating a patient with suspect NTM-PD (figure 2). They also
document other important recommendations as follows: expectorated sputum, induced
sputum, bronchial washings/BAL or TBLBx can all be used for diagnosis, with the least
invasive option in the first instance; processing of samples should occur within 24 h of
collection; samples should be cultured on both liquid and solid media for a minimum of
8 weeks (up to 12 weeks if necessary); NTM isolates should be identified to the species
level (except for MAC), and to the subspecies level for M. abscessus, using validated
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molecular or mass spectrometry techniques; NTM isolates should be typed with whole
genome sequencing when person-to-person transmission is suspected; drug susceptibility
testing should be done for MAC (clarithromycin and amikacin), M. kansasii (rifampicin
only) and M. abscessus (at least clarithromycin, cefoxitin and amikacin, and preferably
tigecycline, imipenem, minocycline, doxycycline, moxifloxacin, linezolid, co-trimoxazole
and clofazimine); chest radiography and HRCT should be performed in all patients with
suspected NTM-PD, with supporting imaging consisting of centrilobular nodules,
tree-in-bud, bronchiectasis (particularly in the right middle lobe and lingula),
consolidation and cavitation.

Importantly, the documents advise against the routine use of TBLBx if possible and state
that there is no current role, or insufficient evidence, to support the routine use of
serological or immunological testing, or PET scanning. They also note that drugs liable to
compromise diagnosis (i.e. macrolides, fluoroquinolones, aminoglycosides, co-trimoxazole,
linezolid and doxycycline) should be ceased prior to investigation [84]. Finally, the BTS
guidelines suggest that investigation for immune deficiencies, or referral to an
immunologist, should be considered in recurrent, persistent or severe NTM-PD or in
disseminated disease [2].

No NTM-PD currently.
Careful follow-up with 

regular sputum sampling 
for NTM +/– interval HRCT

No NTM-PD currently.
Careful follow-up with 

regular sputum sampling 
for NTM +/– interval HRCT

Clinical suspicion of NTM-PD

NTM-PD:
consider 

treatment

CT-directed bronchoscopic 
aspirate/lavage

No NTM-PD:
consider alternative 

diagnosis

HRCT consistent 
with NTM-PD?

Send three sputum samples for AFB smear and culture
having stopped antibiotics active against NTM

(macrolides, co-trimoxazole, aminoglycosides, linezolid, fluoroquinolones, tetracyclines)

All samples negative 
for NTM

One sample positive 
for NTM

Two or more samples 
positive for the same 

NTM species

HRCT chest

Yes YesNo YesNoNo

HRCT chest HRCT chest

Samples negative for NTM Samples positive for NTM

NTM-PD:
consider treatment

Figure 2. Suggested algorithm for the investigation of individuals with clinical suspicion of NTM pulmonary
disease (NTM-PD). AFB: acid-fast bacilli. Reproduced and modified from [42, 43] with permission.
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Conclusion

NTM are important environmental pathogens that cause significant morbidity and
mortality. They can infect patients with pre-existent lung diseases, particularly
bronchiectasis. Infection is often associated with increased pulmonary and systemic
symptoms and decline in lung function. NTM can also infect at-risk individuals and be
associated with the development of bronchiectasis, small airway mucous plugging and
nodules. As NTM are environmental organisms, patients are regularly exposed and
screening should occur at regular intervals. Contamination and colonisation can occur and
clinicians need to be astute in assessing the significance of NTM isolation in the individual
patient, and guidelines exist to help in this process [4, 42, 43].
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| Chapter 13

Management of pulmonary
nontuberculous mycobacteria
disease
Steven Cowman1,2 and Michael R. Loebinger1,2

The treatment of disease caused by NTM is challenging, employing multidrug regimens for
at least 1 year. Adverse events are not uncommon, and as some subjects may remain stable
without treatment the decision on which patients to treat and at what point to begin
treatment is of great importance. The choice of treatment regimen is determined primarily
by the NTM species and disease severity. Drug sensitivity testing also plays an important
role, but the interpretation is not straightforward. For slow-growing mycobacteria rifamycins,
macrolides and ethambutol form the mainstay of treatment. Rapidly growing mycobacteria
frequently display extensive drug resistance and may require a combination of parental and
oral agents. Surgery should also be considered in selected cases. Outcomes vary widely
between species, with an almost universal response to treatment seen in Mycobacterium
kansasii whereas in Mycobacterium abscessus a cure may often not be attainable.
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The management of NTM pulmonary disease is challenging, requiring multidrug regimens
based on the species and extent of disease plus surgery in selected cases. Adverse events
are common and the correct selection of patients for treatment is vital. http://ow.ly/
Yva330ksJkB

The treatment of NTM disease is based on multidrug regimens, typically for 12 months
after sputum culture conversion [1, 2]. NTM commonly display resistance to

first-line antituberculous drugs, and historic regimens employing up to six such agents
were poorly tolerated and inefficacious [3]. Rifamycins and ethambutol were identified
as key drugs, and the advent of macrolides which display good in vitro activity
provided the third drug in the most commonly employed regimen for most slow-growing
mycobacteria (SGM) [4–15]. The extensive drug resistance displayed by many rapidly
growing mycobacteria (RGM) such as Mycobacterium abscessus has led to the development
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of multidrug (usually macrolide based) regimens employing an induction phase of parental
antibiotics [16–20].

While some RCTs have been conducted, these are limited to a few common species only and
the bulk of the evidence base for NTM treatment consists of case series. The comparison of
such studies is challenging as patient demographics, treatment protocols, outcome definitions
and follow-up periods all differ. Several international bodies, including the American
Thoracic Society (ATS) [1] and the British Thoracic Society (BTS) [2], have prepared
guidelines on treatment. This chapter will discuss the factors involved when considering
NTM treatment, special considerations in bronchiectasis, treatment regimens for common
NTM, the role of surgery in NTM disease and the monitoring of response to treatment.

Selection of patients for treatment

The diagnosis of NTM disease does not necessitate treatment. Several reports have shown
that subjects with nodular-bronchiectatic disease may remain stable over long periods
without treatment [21, 22]. Furthermore, NTM treatment is prolonged and frequently
poorly tolerated, with up to 65% of subjects requiring a change in regimen due to adverse
events with some regimens [17]. An initial period of observation may allow assessment of
disease progression, as well as the optimisation of other treatments (e.g. physiotherapy and
treatment of other bacterial pathogens). At the other end of the spectrum, individuals
presenting with severe cavitary disease may require immediate and aggressive treatment.
The extent of disease, the causative NTM species, patient factors and the intended goals of
treatment must all be considered.

The radiological pattern may influence the decision to treat, as those presenting with cavitary
disease are more likely to develop progressive disease [21–23] and have an increased mortality
[22–26]. Consolidative or infiltrative patterns have also been associated with poor outcomes
[12, 21, 27]. Other poor prognostic markers include: male sex, increasing age, low BMI,
presence of comorbidities, concurrent chronic pulmonary aspergillosis, hypoalbuminaemia,
smear positivity and immunosuppression [22, 23, 25, 27–30]. The pathogenicity of the NTM
species is also relevant, with the isolation of species such as Mycobacterium gordonae or
Mycobacterium fortuitum being far less likely to represent clinically significant disease than
MAC, Mycobacterium kansasii or M. abscessus [31, 32].

The goal of treatment should also be taken into consideration. In most cases treatment is
given with curative intent and patients may be willing to tolerate some side-effects (e.g.
gastrointestinal disturbance) in order to achieve this. In the context of CF and M. abscessus
the decision to list for lung transplantation may rest on successful treatment, favouring
a more aggressive approach and accepting a higher risk of adverse events. In other
circumstances, for example macrolide-resistance M. abscessus infection, a cure may not be
attainable and the aim of treatment will be to achieve disease stability and control
symptoms [33], in which case the balance may favour a well-tolerated but not necessarily
optimum treatment regimen. In elderly patients it must be appreciated that the risk of drug
intolerance is increased [34–37].

In every case, the decision to start treatment should be made in partnership with the
patient and an effort made to communicate the risks of adverse events and, in many cases,
the uncertainty regarding treatment outcomes.
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Nontuberculous mycobacteria in bronchiectasis

There is no evidence that the management of NTM disease in bronchiectasis should differ
to that in other underlying lung diseases. However, it is important that the treatment of
any underlying respiratory disease is optimised before considering treatment for NTM. In
the case of bronchiectasis an important point to bear in mind is that azithromycin
prophylaxis should not be used in subjects with known or suspected NTM disease, as
monotherapy may lead to the development of drug resistance [5].

NTM infection may commonly coexist with other pathogens such as Pseudomonas
aeruginosa. There is a lack of data to guide management in such cases. However, given the
prolonged and often poorly tolerated nature of NTM treatment it is logical to optimise the
treatment of other pathogens first before embarking on NTM treatment. One scenario
posing a considerable clinical challenge is that of concurrent Aspergillus-related lung
disease, which has an increased incidence in subjects with NTM disease and is associated
with poor outcomes [29, 38]. The metabolism of azoles by rifampicin may mean it is not
possible to achieve therapeutic drug levels, and a choice may need to be made, based on
clinical, microbiological and radiological grounds, on whether the treatment of NTM
disease or fungal disease takes priority. Given the poor prognosis of such patients this is an
area in need of further study.

Treatment regimens

Several bodies have produced guidelines on the treatment of NTM disease, including the
ATS [1] and the BTS [2] (summarised in tables 1 and 2). The choice of treatment depends
both on the NTM species and the severity of disease. For some species, such as the less
common SGM, the evidence base is small or absent and regimens as based on those used
in similar species and the results of drug sensitivity testing (DST). However, for many
species and drugs the relationship between in vitro sensitivity and in vivo activity is not
clear and optimal DST methods have not been established [39]. Details of commonly used
drugs are given in table 3.

Mycobacterium avium complex

MAC is the most commonly isolated pathogenic NTM in Europe and North America [41]
and has the largest body of evidence for its treatment. Early regimens were based on
antituberculous therapy with up to five drugs, and a retrospective study observed that while
sputum conversion rates were inferior in those treated with two drugs (10%) compared
with three (70%) adding further drugs gave no additional benefit. The most common
combinations included rifampicin, ethambutol and isoniazid [3]. In an RCT the addition of
isoniazid to rifampicin and ethambutol was shown to reduced treatment failures and
relapses (16% versus 41%) [14].

The efficacy of macrolides for treatment of NTM disease was first demonstrated during the
AIDS pandemic [42] and naturally led to their use in pulmonary disease, although no RCT
comparing the addition of macrolides with placebo have been conducted. In an early
report clarithromycin was given alone or in combination with other agents, with 31
subjects (69%) alive and culture negative at 12 months [4]. In a further series sputum
conversion was seen in 92% of 50 patients treated with clarithromycin-based regimens;
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Table 1. Suggested treatment of slow-growing mycobacteria

Species BTS 2017 recommendations ATS 2007 recommendations

Disease severity# Treatment regimen Disease pattern/severity Treatment regimen

MAC Non-severe Rifampicin 600 mg three times
per week

Ethambutol 25 mg·kg−1 three times
per week

Azithromycin 500 mg three times per
week or clarithromycin 1000 mg
three times per week

Nodular-bronchiectatic
disease

Rifampicin 600 mg three times
per week

Ethambutol 25 mg·kg−1 three times
per week

Azithromycin 500–600 mg three times
per week or clarithromycin 1000 mg
three times per week

Severe Rifampicin 600 mg daily
Ethambutol 15 mg·kg−1 daily
Azithromycin 250 mg daily or

clarithromycin 500 mg twice daily
Consider:

i.v. amikacin for 3 months or
nebulised amikacin

Cavitary disease Rifampicin 450–600 mg daily
Ethambutol 15 mg·kg−1 daily
Azithromycin 250–300 mg daily or
clarithromycin 500–1000 mg daily

Consider:
i.v. streptomycin or amikacin

Macrolide-resistant Rifampicin 600 mg daily
Ethambutol 15 mg·kg−1 daily
Isoniazid 300 mg daily or

moxifloxacin 400 mg daily
Consider:

i.v. amikacin for 3 months or
nebulised amikacin

Severe or previously
treated disease

Rifabutin 150–300 mg daily or
rifampicin 450–600 mg daily

Ethambutol 15 mg·kg−1 daily
Azithromycin 250–300 mg daily or
clarithromycin 500–1000 mg daily

i.v. streptomycin or amikacin

Mycobacterium
kansasii

Rifampicin 600 mg daily
Ethambutol 15 mg·kg−1 daily
Isoniazid 300 mg daily or

azithromycin 250 mg daily or
clarithromycin 500 mg twice daily

Rifampicin 600 mg daily
Isoniazid 300 mg daily
Ethambutol 15 mg·kg−1 daily

Continued
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Table 1. Continued

Species BTS 2017 recommendations ATS 2007 recommendations

Disease severity# Treatment regimen Disease pattern/severity Treatment regimen

Mycobacterium
xenopi

Non-severe Rifampicin 600 mg daily
Ethambutol 15 mg·kg−1 daily
Azithromycin 250 mg daily or

clarithromycin 500 mg twice daily
And
Isoniazid 300 mg daily or

Moxifloxacin 400 mg daily

Rifabutin or Rifampicin
Ethambutol
Clarithromycin
Consider:

initial i.v. streptomycin
Consider:

substitution of one oral agent for
moxifloxacinSevere As for non-severe and consider i.v.

amikacin for 3 months or
nebulised amikacin

Mycobacterium
malmoense

Non-severe Rifampicin 600 mg daily
Ethambutol 15 mg·kg−1 daily
Azithromycin 250 mg daily or

clarithromycin 500 mg twice daily

No suggested regimen, but
recommends to include:

Isoniazid
Rifampicin
Ethambutol
Consider:
Quinolone
Macrolide

Severe Rifampicin 600 mg daily
Ethambutol 15 mg·kg−1 daily
Azithromycin 250 mg daily or

clarithromycin 500 mg twice daily
Consider:

i.v. amikacin for 3 months or
nebulised amikacin

BTS: British Thoracic Society; ATS: American Thoracic Society. #: Non-severe disease is defined as smear negative, no radiological cavitation or
severe disease, mild or moderate symptoms and no signs of systemic illness; severe disease is defined as smear positive, radiological cavitation or
severe disease, severe symptoms and signs of systemic illness ) [2]. Information from [1, 2].
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however, clarithromycin resistance developed in 19% of those who received initial
monotherapy. No resistance developed in those receiving initial rifampicin, ethambutol and
clarithromycin [5]. A similar high rate of sputum conversion (70%) was seen with a
regimen of azithromycin, ethambutol, rifabutin and streptomycin [6].

In view of the high rates of adverse events (33–90%) seen in these initial studies, a three
times per week dosing schedule was studied as a means of improving tolerability. In a cohort
of 59 subjects given rifabutin, ethambutol and clarithromycin three times per week, 78%
achieved sputum culture conversion although adverse events remained common with 22% of
subjects having to discontinue one drug [7]. A study comparing three different dosing
regimens of azithromycin, rifabutin, ethambutol and streptomycin in 103 subjects found no
differences in sputum conversion rates between the groups (59% in the daily dosing group,
55% and 65% in the three times per week dosing groups), but fewer patients given three
times per week azithromycin required dose reduction (5% and 10% versus 21%) [8]. A
disappointing sputum conversion rate of 44% was reported in a study of 91 subjects treated
with the three-drug three times per week regimen; post hoc analysis found lower sputum
conversion in those with cavitary versus non-cavitary disease (20% versus 71%, respectively)
[9]. Current guidelines advise against three times per week dosing in severe disease (table 1).
The importance of macrolides in the treatment of MAC is also highlighted by the finding
that macrolide resistance is one of the few circumstances in NTM where there is a consistent
correlation between drug resistance and poor clinical outcomes [10, 43, 44].

Both the ATS and BTS suggest adding an aminoglycoside in severe disease (table 1). The
evidence base for this comes from one RCT of 146 subjects, which found that the addition of
3 months of streptomycin to rifampicin, ethambutol and clarithromycin was associated with a

Table 2. Treatment of Mycobacterium abscessus disease as suggested by the British Thoracic
Society

No constitutive macrolide resistance Constitutive macrolide resistance

Induction phase ⩾1 month:
i.v. amikacin 15 mg·kg−1 daily or three

times per week
i.v. tigecycline 50 mg twice daily
i.v. imipenem 1 g twice daily
Azithromycin 250–500 mg daily or

clarithromycin 500 mg twice daily
Continuation phase:

Nebulised amikacin
Azithromycin 250–500 mg daily or

clarithromycin 500 mg twice daily
And
1–3 additional agents guided by DST and

patient tolerance:
Clofazimine 50–100 mg daily
Linezolid 600 mg daily/twice daily
Minocycline 100 mg twice daily
Moxifloxacin 400 mg daily
Co-trimoxazole 960 mg twice daily

Induction phase ⩾1 month:
i.v. amikacin 15 mg·kg−1 daily or three

times per week
i.v. tigecycline 50 mg twice daily
i.v. imipenem 1 g twice daily

Continuation phase:
Nebulised amikacin
And
2–4 additional agents guided by DST

and patient tolerance:
Clofazimine 50–100 mg daily
Linezolid 600 mg daily/twice daily
Minocycline 100 mg twice daily
Moxifloxacin 400 mg daily
Co-trimoxazole 960 mg twice daily

DST: drug sensitivity testing. Information from [2].
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Table 3. Details of selected agents used in NTM treatment regimens

Drug Class Mechanism of
action

Important side-effects

Amikacin Aminoglycoside Inhibition of
protein synthesis

Nephrotoxicity, ototoxicity (auditory
and vestibular)

For nebulised route: bronchospasm,
dysphonia

Azithromycin
Clarithromycin

Macrolide Inhibition of
protein synthesis

GI upset, dysgeusia, headache, rash,
fatigue, arthralgia, dizziness, QTc

prolongation, ototoxicity,
hepatotoxicity, Stevens–Johnson

syndrome

Ciprofloxacin
Moxifloxacin

Fluoroquinolone Inhibition of DNA
replication

GI upset, rash, QTc prolongation,
hepatotoxicity, tendonitis, seizures,
blood dyscrasias, Stevens–Johnson

syndrome

Clofazimine Oxazolidinone Inhibition of
protein synthesis

Skin discolouration, GI upset,
conjunctival pigmentation,

ocular irritation

Co-trimoxazole Pyrimidine +
Sulfonamide

Inhibition of DNA
replication

Rash, GI upset, blood dyscrasias,
Stevens–Johnson syndrome

Ethambutol Amino alcohol Inhibition of cell
wall formation

Optic neuritis, GI upset

Imipenem Carbapenem Inhibition of cell
wall formation

Rash, GI upset, blood dyscrasias,
seizures

Isoniazid Isonicotinic acid
hydrazide

Inhibition of cell
wall formation

Peripheral neuropathy,
hepatotoxicity, blood dyscrasias,

drug-induced lupus

Linezolid Oxazolidinone Inhibition of
protein synthesis

GI upset, headache, rash, blood
dyscrasias, peripheral neuropathy,
optic neuropathy, Stevens–Johnson

syndrome

Minocycline Tetracycline Inhibition of
protein synthesis

Photosensitivity, rash, GI upset,
dizziness, headache,

Stevens–Johnson syndrome

Rifampicin
Rifabutin

Rifamycin Inhibition of RNA
synthesis

Discolouration of body fluids, GI
upset, hepatotoxicity, rash, uveitis,

blood dyscrasias

Tigecycline Glycylcycline Inhibition of
protein synthesis

GI upset, rash, hepatotoxicity,
dizziness, headache, pancreatitis,

Stevens–Johnson syndrome

GI: gastrointestinal. Information from [2, 40].
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significant increase in sputum culture conversion (71% versus 51%) [45]. As with macrolides,
there is also evidence that aminoglycoside resistance is associated with treatment failure [46].

Rifabutin has superior in vitro activity compared with rifampicin; however, there is no
direct evidence of benefit and it is associated with a high rate of adverse effects [37]. Some
studies have examined regimens omitting or replacing rifamycins. A RCT of 119 subjects
compared clarithromycin and ethambutol with or without rifampicin. Sputum conversion
rates were similar (41% with rifampicin versus 55% without) and discontinuation due to
adverse events was lower in the two-drug group (27% versus 37%), although no follow-up
data was reported so relapse rates are unknown [47]. A prospective study of 30 subjects
treated with a macrolide, ethambutol and clofazimine achieved culture conversion in 87%;
however, over the follow-up period 20% relapsed [48]. Similar findings were reported in a
retrospective review of 90 subjects treated with the same agents, which found a 100%
sputum conversion rate but a high (49%) relapse rate [49].

The evidence base for quinolones is smaller than for macrolides; however, they may have a
role in macrolide resistance or intolerance, or refractory disease. One RCT of 170 subjects
compared 24 months of rifampicin and ethambutol plus ciprofloxacin or clarithromycin.
There were no significant differences in treatment failure and relapse rates (23% and 13%) or
in the proportion alive and cured at 5 years (23% versus 24%) [15]. It is notable that treatment
outcomes in this study were markedly inferior to other cohorts receiving macrolide-based
regimens. A further small RCT of 27 subjects demonstrated no significant difference in culture
conversion between gatifloxacin- or clarithromycin-based regimens (64% versus 85%) [50].

The most widely reported regimens used in MAC employ a rifamycin, a macrolide and
ethambutol, which form the basis of international treatment recommendations (table 1).
The efficacy of this regimen has been demonstrated in a large retrospective study of 180
subjects with nodular-bronchiectatic disease which showed maintained sputum conversion
in 84% [11]. Aminoglycosides are suggested in severe disease, and also in the case of
macrolide resistance along with isoniazid and quinolones.

Disease refractory to standard three-drug treatment is challenging. A study of 51 subjects
with refractory disease treated with combinations of rifabutin, clofazimine, linezolid and
moxifloxacin achieved maintained culture conversion in only 18% [51]. Better outcomes
were reported in a series of 41 subjects treated with moxifloxacin containing regimens,
which reported sputum conversion in 29% [52]. A recent study using inhaled liposomal
amikacin (LAI), in addition to a multidrug regimen, in 89 subjects with refractory MAC
and M. abscessus infection found a culture conversion rate of 33% in the LAI group
compared with 4% in the placebo group during the randomised phase, and the proportion
achieving at least one negative sputum culture was higher in the LAI group (32% versus
9%) largely due to the effect in subjects with MAC [53]. A further phase 3 trial is currently
in progress (https://clinicaltrials.gov/ct2/show/NCT02344004). There are also reports of
tigecycline, linezolid and bedaquiline being used, but outcome data are lacking [54–56].

Mycobacterium kansasii

M. kansasii has the best reported treatment outcomes in NTM disease, with reported sputum
conversion rates of up to 100% with rifampicin-containing regimens [57, 58]. The largest trial
used 9 months of rifampicin and ethambutol and demonstrated culture conversion in all but
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one of the 155 subjects who completed treatment; however, 9.7% of subjects relapsed between
6 and 50 months of follow-up [57]. Studies employing longer 12-month regimens with an
additional third drug have shown better outcomes, although no studies have directly
compared two- versus three-drug or 9- versus 12-month regimens. A study of 40 subjects
treated with 12 months of rifampicin, ethambutol and isoniazid and 3 months initial
streptomycin found only one relapse (2.5%) over a mean of 31 months of follow-up [59], and
no relapses were seen in a study of 18 subjects treated with three times per week rifampicin,
ethambutol and clarithromycin over a mean of 46 months of follow-up [60]. The only study
to directly examine the effect of treatment duration compared an initial 6 months of
ethambutol plus rifampicin and isoniazid for 12 or 18 months. No benefit was seen with
longer treatment: all subjects achieved culture conversion and there was only one relapse
observed [61]. The BTS and ATS both recommend 12-month, three-drug regimens (table 1).

Mycobacterium xenopi

Two RCTs have been conducted examining treatment regimens for M. xenopi. The first
compared 24 months of rifampicin and ethambutol plus isoniazid or placebo in 42
subjects. A lower rate of failure or relapse was seen in the three-drug group (5% versus
18%), but this difference was nonsignificant and long-term outcomes were poor in both
groups with only 10% and 23% of subjects alive and cured at 5 years [14]. The second trial
compared 24 months of rifampicin, ethambutol and clarithromycin or ciprofloxacin in 34
subjects. The rate of failure or relapse was higher in the clarithromycin arm (24% versus
6%), but this was nonsignificant and the proportion alive and cured at 5 years were the
same in both groups (35%) [15].

A systematic review identified 48 studies (including the aforementioned RCTs) encompassing
at total of 1255 subjects, of whom 188 received treatment for at least 6 months. A total of 34
different regimens were used, none in more than 39 subjects. A sustained disease-free outcome
was seen in 65% of cases. A significantly lower rate of sustained successful outcomes was seen
in regimens containing isoniazid (54% versus 77%) and aminoglycosides (38% versus 68%),
whereas better outcomes were seen in regimens containing quinolones (83% versus 61%) and
macrolides (77% versus 62%), although the latter difference was nonsignificant. The
predominantly retrospective nature of these studies means this data should be interpreted with
caution; disease severity will influence the choice of treatment and this may account for the
poor outcome observed with aminoglycosides [13]. A further large, multicentre,
retrospective study of 136 subjects (of whom 80 received treatment) found that first-line
surgery was associated with increased survival and on multivariate analysis, treatment with a
rifamycin-containing multidrug regimen was associated with a better prognosis [12].

Both the BTS and ATS guidelines recommend regimens based on rifampicin, ethambutol
and a macrolide (table 1), with a fourth agent advised by the BTS. Aminoglycosides can be
added in severe disease. A RCT comparing rifampicin, ethambutol and clarithromycin or
moxifloxacin is in progress (https://clinicaltrials.gov/show/NCT01298336).

Mycobacterium malmoense

There is limited evidence upon which to base treatment for M. malmoense. One RCT
compared 24 months of rifampicin and ethambutol plus isoniazid or placebo in 106
subjects and found no difference in failure or relapse rates (9% versus 12%), nor in the
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proportion alive and cured at 5 years (44% versus 38%) [14]. A second RCT comparing
24 months of rifampicin, ethambutol and clarithromycin or ciprofloxacin in 167 subjects
found the same rate of failure or relapse in both groups (5%), but that more subjects in the
clarithromycin arm were alive and cured at 5 years (38% versus 20%). The BTS guidelines
advise use of rifampicin, ethambutol and a macrolide (table 1).

Mycobacterium simiae

M. simiae is an uncommon NTM and there is little evidence upon which to base treatment
recommendations. M. simiae displays high levels of in vitro drug resistance [62] and
reported outcomes in one small cohort are poor [63]. The 2007 ATS guidelines suggest
including clarithromycin, moxifloxacin and co-trimoxazole [1]. Synergy between amikacin
and clofazimine has been reported in vitro [64], but clinical outcomes with this
combination have not yet been reported.

Mycobacterium abscessus complex

The extensive drug resistance found with M. abscessus makes treatment challenging, and
one early series using parental regimens reported no patients achieving culture conversion
without surgery [16]. The advent of macrolides provided the only oral agents with reliable
in vitro activity [1] and they have become one of the foundations of treatment regimens.
Macrolide resistance is associated with treatment failure [18, 19, 33], and may develop
through mutation of the 23S ribosomal RNA gene (constitutive resistance) or through
inducible resistance conferred by the erm(41) gene.

In a study of 65 subjects treated with clarithromycin, ciprofloxacin, doxycycline and
induction intravenous amikacin and cefoxitin, 38 (58%) achieved maintained culture
conversion of whom six were still on treatment at the end of follow-up [18]. Further
analysis examined differences between Mycobacterium massiliense and M. abscessus and
found significantly higher rates of maintained culture conversion in the former group (88%
versus 25%) [19]. A retrospective series of 69 subjects treated with various regimens, most
commonly including a macrolide, amikacin and imipenem, found an overall culture
conversion rate of 48%. Surgery was associated with a higher conversion rate than medical
treatment alone (65% versus 39%) [17]. The best outcomes have been reported in a
retrospective series of 41 subjects treated with an initial regimen of a macrolide and
prolonged (median 230 days) i.v. amikacin with or without cefoxitin or imipenem [20].
Sputum conversion was achieved in 81%, although there was a 12% relapse rate. Surgery
did not appear to be associated with superior outcomes. Disappointingly, a RCT of inhaled
amikacin (as LAI) in addition to a multidrug (usually macrolide-based) regimen did not
appear to be effective with only 13% achieving culture conversion at the end of the
open-label phase [53], although the sample size was small.

A more recent study reported outcomes in 36 subjects with M. abscessus or M. massiliense
treated with a macrolide and at least one parenteral agent. Sustained culture conversion
was seen in 26% and 82%, respectively. This difference was felt to be partly related to the
differences in macrolide susceptibility between the species [33]. A favourable outcome in
M. massiliense infection was also reported in a series using parental i.v. induction therapy
along with a macrolide with or without a quinolone. There was no difference in culture
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conversion (100% and 98%) or relapse (both 7%) rates between the two- and one-drug groups
[65], giving hope that M. massiliense may be successfully treated with less intensive regimens.

The data for other agents is sparse. Tigecycline has been used as “salvage” treatment in 36
subjects with RGM (predominantly M. abscessus) infection, most of whom had already
received antibiotic treatment, with clinical improvement seen in 44%, but microbiological
outcomes were not reported [54]. This agent is particularly poorly tolerated: adverse events
were seen in 94% of subjects, the most common being nausea (64%) and vomiting (35%).
A retrospective report of 42 subjects treated with clofazimine-containing regimens found
a significant reduction in semiquantitative culture positivity, but only a 24% culture
conversion rate [66]. Linezolid has been used as part of a multidrug regimen, but adverse
effects are common and there are currently no data on efficacy [55]. The only data on
bedaquiline comes from a report of just four patients, where no consistent benefit was
observed [56].

The BTS advise an induction phase with a macrolide (if no constitutive resistance) and
multiple parenteral agents, followed by a continuation phase of macrolides plus companion
drugs and nebulised amikacin (table 2).

Other rapidly growing mycobacteria

Relatively little data exist for the treatment of other RGM and treatment regimens have
been generally constructed based upon in vitro DST, although these have not been shown
to predict treatment outcomes [67]. Mycobacterium chelonae is usually sensitive to
clarithromycin and aminoglycosides in vitro [68, 69]. There is little data published on
treatment outcomes, however, and the interpretation of older data is clouded by the fact that
M. abscessus was not readily distinguishable from M. chelonae until the widespread adoption
of molecular methods for species identification. The ATS guidelines recommend treatment
with clarithromycin and a second agent with demonstrable in vitro activity until 12 months
of negative cultures. Inducible resistance to macrolides can develop in M. fortuitum [70]
and quinolone resistance may also develop with monotherapy [68]. Combinations including
sulphonamides, quinolones, tetracyclines, amikacin, imipenem and cephamycins have been
reportedly successful [16, 68, 71]. The ATS guidelines recommend treatment with at least
two agents with demonstrable in vitro activity until 12 months of negative cultures.

Surgery

Surgery had a prominent role in the management of mycobacterial disease prior to the
advent of effective antituberculous therapy. Given the often suboptimal outcomes in NTM
disease it remains an important option in their management, and retrospective data from
studies of M. abscessus and M. xenopi infection have found first-line surgery to be
associated with better outcomes [12, 17]. Data from several retrospective studies has
demonstrated that in selected patients surgical resection can be an effective treatment,
although there have been no controlled trials.

The largest published series of 236 patients reported a mortality of only 2.6%, although
11.7% experienced major complications and microbiological outcome data were not
reported [72]. Another large cohort of 125 subjects found a perioperative mortality of 3.2%
and complications in 22%. Only 7 (5.6%) failed to achieve sputum conversion, and over
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the follow-up period cumulative recurrence was 4.6%, 15% and 20% at 1, 5 and 10 years,
respectively [73]. A series of 110 subjects undergoing middle lobe or lingua resection
for “Lady Windermere” disease reported negative post-operative cultures in 84% [74].
Appropriate selection of patients is vital, and the BTS have suggested criteria for
considering patients for surgery in NTM disease, summarised in table 4.

Monitoring treatment

The strategy used for monitoring response to treatment will depend on the intended goal.
In most cases conversion of sputum cultures to negative is the primary outcome of interest
and also guides the duration of treatment. Semi-quantitative culture may provide an early
indication of response to treatment. A report of 180 subjects with nodular-bronchiectatic
MAC disease found that a decrease in semi-quantitative culture scores at 2 months was
predictive of sputum conversion at 12 months [75].

In subjects who are unable to expectorate sputum, induced sputum or bronchoscopy may
be required to confirm culture conversion. In the absence of sputum the BTS recommend
CT-guided bronchoscopic sampling after 6 and 12 months of treatment [2]. In subjects
unable to undergo bronchoscopy an assessment will need to be made on clinical and
radiological grounds.

Successful NTM treatment is associated with radiological improvement [5, 7, 8, 18, 19, 50,
57, 58, 60, 65, 76, 77] and serial imaging is valuable in monitoring treatment progress,
although the degree of radiological response is variable and may depend on the nature of
the initial CT findings. Persisting abnormalities do not necessarily indicate treatment
failure and in particular cavities may persist despite successful treatment [57, 58, 77].
Treatment success and sputum conversion have also been consistently associated with
symptomatic improvement [5, 7, 8, 15, 18, 19, 50, 60, 65, 76, 77], although this is not
universally the case and symptoms may persist after treatment perhaps due to underlying
(or residual) lung disease. It must be remembered that the symptomatic response may be
the outcome of most importance to the patient rather than sputum conversion or
radiological improvement, particularly in circumstances where cure is not thought to
be attainable.

The monitoring of adverse events related to the treatment regimen is also of great importance.
The nature of the monitoring will depend on the regimen used, and may include: assessment

Table 4. Suggested criteria for the selection of patients for surgery in NTM disease

1) Microbiological Persisting culture positivity despite 6–12 months of treatment with an
appropriate regimen

2) Disease status Cavitary disease limited in site and extent
Local complications such as haemoptysis or aspergilloma

3) Fitness Sufficient physiological reserve to tolerate lung resection
4) Nutrition Optimise nutritional status and address associated factors
5) Treatment Multidrug NTM treatment prior to and continuing after surgery, usually

for 1 year

Information from [2].
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of auditory, vestibular and ocular toxicity; QT interval monitoring; blood testing for
haematological, hepatic or renal toxicity; and therapeutic drug monitoring in the case of
aminoglycosides. The BTS have issued guidance on suggested monitoring protocols [2].

Relapse or recurrence following successful treatment is unfortunately not uncommon in NTM
disease. A review of 158 subjects with successfully treated MAC disease found a recurrence
rate of 31.6% over a median follow-up of 3.7 years [78]. The median time until relapse was
11.9 months. Interestingly the only risk factor for relapse was a nodular-bronchiectatic disease
pattern, perhaps due to an underlying propensity to NTM infection in these patients.
Molecular epidemiological studies in MAC disease have demonstrated that following culture
conversion, earlier isolation of NTM is more likely to represent relapse with the same strain,
whereas later isolation usually indicates re-infection with a new strain [11, 79]. In clinical
practice, without access to molecular typing methods the differentiation between relapse and
re-infection may not be clear-cut, although there is no evidence as to whether treatment
should differ between these two scenarios. There are no measures which have been
demonstrated to reduce the long-term risk of relapse and subjects should be monitored
carefully following successful treatment. The BTS guidelines recommend monitoring sputum
cultures for 12 months after treatment completion [2], but many patients will have significant
underlying lung disease necessitating ongoing follow-up.

Conclusion

The treatment of NTM disease is prolonged and often poorly tolerated. As some patients
may remain stable without treatment over long periods, clinical judgement must be
exercised on when to start treatment and the patient should be involved in shared decision
making. The regimens used to treat NTM disease vary according to species, disease
severity, and in some cases drug susceptibility. In many cases outcomes are poor and in
some individuals a cure may not be achievable. Future research will hopefully shed light on
what factors influence disease progression to better guide the decision to start treatment,
develop biomarkers of disease response and relapse, and explore the activity of new drug
classes and regimens against NTM in well-designed RCT in order to achieve better
outcomes in this challenging infection.
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| Chapter 14

Nontuberculous mycobacteria
infections in patients receiving
immunosuppressive agents
Gregory P. Ranches1 and Kevin L. Winthrop2,3

Bacterial infection is a common cause of bronchiectasis and persistent microbial colonisation
is thought to be a central component of the ongoing pathophysiology of the disease. Many
bronchiectasis patients also have underlying immune-mediated inflammatory diseases that
require treatment with immunosuppressive medications. Examples of these medications
include nonbiologic disease-modifying antirheumatic drugs, such as methotrexate or
leflunomide, and biologic disease-modifying antirheumatic drugs, such as etanercept or
infliximab. These medications are known to place all patients at greater risk of infection, and
theoretically can contribute to persistent bacterial colonisation and recurrent pulmonary
infections in bronchiectasis patients. Ultimately, this can lead to bronchiectasis progression.
With the increasing use of these medications, the safety of their use in patients with
bronchiectasis remains a question. In this chapter, we discuss the infection risk of
immunosuppressive medications in patients with bronchiectasis, the management of these
infections (paying special focus to pulmonary NTM infections) and how to balance the need
for continued immunosuppression with further infection risk.
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safety data on their use specifically in non-CF bronchiectasis patients [1–5]. Bronchiectasis
is a disease of irreversible dilatation of the airways that leads to poor mucociliary clearance,
bacterial colonisation and superinfection, and persistent inflammation; all of which
perpetuate the continued cycle of airway damage [6]. The aetiology of non-CF
bronchiectasis is often idiopathic but can occur as a result of severe or recurrent pulmonary
infections, COPD, asthma, ABPA, various IMIDs such as rheumatoid arthritis or IBD,
primary humoral immunodeficiencies, or other congenital causes such as α1-antitrypsin
deficiency or PCD. Patients typically present with chronic productive cough and dyspnoea,
and pulmonary function tests often show mild to severe obstruction with or without
reversibility, depending on the underlying cause [7]. There is theoretical concern that
immunosuppression in these patients leads to more severe airway infection with both
typical bacteria (such as Haemophilus influenzae or Pseudomonas) and opportunistic
pathogens (such as Nocardia or fungal organisms). In addition, bronchiectasis patients are
at risk of contracting NTM infections and vulnerability to this infection, especially in the
setting of TNF-α inhibitors (TNFi), has been demonstrated [8]. Ultimately, this higher risk
of infection by a number of pathogens can lead to progressive bronchiectasis, more
frequent exacerbations, decreased quality of life and worse mortality [9–11]. In this chapter,
we review various immunosuppressive agents and the recent data regarding their use in
patients with non-CF bronchiectasis. We will discuss the management of airway infections
that occur in these patients while on immunosuppression and place a special focus on the
management of pulmonary NTM disease in patients taking immunosuppressive agents.

The use of immunosuppressive drugs in patients with non-cystic
fibrosis bronchiectasis

There are many classes of immunosuppressive drugs available for use in the treatment of
IMIDs, rejection prophylaxis in SOT recipients and GVHD in HSCT recipients. These
include both nonbiologic and biologic disease-modifying antirheumatic drugs (DMARDs)
and other immunosuppressive agents. See table 1 for a list of agents, their mechanisms of
action and indications for use.

These agents are generally associated with a higher risk of infection in nonbronchiectasis
patients. Studies utilising Medicare claims data showed the risk of hospitalised infection
in rheumatoid arthritis patients receiving biologic DMARDs ranges anywhere from 13.1
to 18.7 person-years depending on the agent used [12, 13]. Other studies have shown
significantly higher odds of serious infection with biologic DMARDs compared to nonbiologic
DMARDs [14]. In renal transplant patients taking mycophenolate or azathioprine-based
immunosuppressive regimens, the incidence of bacterial infection was 55.3% and 70.2%,
respectively [15]. Chronic corticosteroids have been documented in numerous studies to be
associated with serious infection [16, 17]. With the chronic bacterial and fungal
colonisation that occurs in many non-CF bronchiectasis patients, the use of these
immunosuppressive agents raises concern that more frequent and severe infections can
occur while on these drugs [18, 19].

Despite how increasingly commonly these immunosuppressive agents are prescribed, there
are no large population-based studies examining their frequency of use specifically in
patients with non-CF bronchiectasis. However, a general sense of how frequently these
agents are used can be gleaned from contemporary prevalence studies of non-CF
bronchiectasis and trends in the prescribing patterns of biologic DMARDs. Recent
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Table 1. Classes of immunosuppressive medications, mechanisms of action and indications
for use

Mechanism of action Indications for use

Nonbiologic DMARDs
Methotrexate Inhibits dihydrofolate

reductase, resulting in
decreased purine synthesis,
and interfering with DNA

synthesis and repair

Various IMIDs including RA, SLE,
Crohn’s disease; various leukaemias

and lymphomas

Leflunomide Inhibits pyrimidine synthesis,
resulting in antiproliferative and

anti-inflammatory effects

RA, rejection prophylaxis in SOT
recipients

TNFi biologic DMARDs
Etanercept Recombinant DNA-derived

protein that binds to TNF-α and
blocks its interaction with cell

surface receptors

Various IMIDs including RA, psoriasis,
psoriatic arthritis and ankylosing

spondylitis

Infliximab Chimaeric monoclonal antibody
that binds to TNF-α and
interferes with its activity

Various IMIDs including RA, psoriasis,
psoriatic arthritis, IBD and ankylosing

spondylitis
Adalimumab Recombinant monoclonal

antibody that binds to TNF-α
and interferes with binding to

its receptor

Various IMIDs including RA, psoriasis,
psoriatic arthritis, IBD, ankylosing

spondylitis and uveitis

Golimumab Human monoclonal antibody
that binds to TNF-α and

interferes with its endogenous
activity

Various IMIDs including RA, psoriatic
arthritis, IBD and ankylosing

spondylitis

Certolizumab PEGylated humanised antibody
Fab fragment of TNF-α

monoclonal antibody that binds
to TNF-α and inhibits its activity

Various IMIDs including RA, psoriatic
arthritis, IBD and ankylosing

spondylitis

Non-TNFi biologic DMARDs
Rituximab Monoclonal antibody that

blocks the CD20 antigen on
B-cells

RA, small-vessel vasculitis, NHL, CLL,
lupus nephritis

Abatacept Selective co-stimulation
modulator that binds CD80/86
on antigen presenting cells and

blocks the required CD28
interaction with T-cells

RA, psoriatic arthritis

Anakinra IL-1 receptor antagonist RA, familial Mediterranean fever
Tocilizumab IL-6 receptor antagonist RA, large vessel vasculitis, cytokine

release syndrome
Ustekinumab Human monoclonal antibody

that binds IL-12 and IL-23, thus
inhibiting NK-cell activation and

CD4 T-cell differentiation

Psoriasis, psoriatic arthritis, IBD

Secukinumab and
ixekizumab

Human monoclonal antibodies
that bind IL-17 and inhibit its
interaction with the IL-17

receptor

Psoriasis, psoriatic arthritis

Brodalumab Human monoclonal antibody
that binds to the IL-17 receptor

and inhibits its activation

Psoriasis

Continued
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prevalence data from the UK showed that out of 18793 bronchiectasis patients identified
from primary care databases from 2004 to 2013 (point prevalence of 566.1 per
100000 person-years in women and 485.5 per 100000 person-years in men in 2013),
∼14.3% (n=2679) had either a comorbid IMID or a history of bone marrow transplant
[20]. The study did not specifically mention whether these patients were on

Table 1. Continued

Mechanism of action Indications for use

Tofacitinib and
baricitinib#

JAK inhibitors RA and psoriatic arthritis

Calcineurin inhibitors
Tacrolimus Inhibits T-cell activation by

binding to intracellular proteins
and inactivating calcineurin

phosphatase activity

SOT rejection prophylaxis, GVHD, RA,
uveitis

Cyclosporine Decreases T-cell activation by
binding cyclophilin and
inactivating calcineurin
phosphatase activity

SOT rejection prophylaxis, GVHD, RA,
psoriasis

mTOR inhibitors
Sirolimus Inhibits T-cell activation by

binding to intracellular proteins
and inhibiting mTOR

SOT rejection prophylaxis (mostly
kidney), GVHD,

lymphangioleiomyomatosis
Everolimus Binds intracellular proteins and

inhibits mTOR and decreases
angiogenesis

SOT rejection prophylaxis, RCC,
neuroendocrine tumours, breast

cancer
Antiproliferative agents

Mycophenolate Exerts cytostatic effect on
T- and B-cells by inhibiting
inosine monophosphate
dehydrogenase, which is
needed for guanosine
nucleotide synthesis

SOT rejection prophylaxis, GVHD,
psoriasis, systemic sclerosis, lupus

nephritis, ILD

Azathioprine Imidazolyl derivative of
mercaptopurine that blocks
DNA replication and purine

synthesis

SOT rejection prophylaxis, RA, IBD,
lupus nephritis, ILD

Alkylating agents
Cyclophosphamide Prevents cell division by

cross-linking DNA and
decreasing DNA synthesis

HSCT conditioning, various IMIDs,
various leukaemias and lymphomas

Corticosteroids
Prednisone/
methylprednisolone

Binds the glucocorticoid
receptor complex, interacts
with NF-κB and affects the
gene transcription of various

cytokines

Various IMIDs, SOT rejection
prophylaxis, GVHD, numerous other

inflammatory conditions

DMARD: disease-modifying antirheumatic drug; TNFi: TNF-α inhibitor; mTOR: mammalian target
of rapamycin; IMID: immune-mediated inflammatory disease; RA: rheumatoid arthritis; SLE:
systemic lupus erythematosus; SOT: solid-organ transplant; PEG: polyethylene glycol; NHL:
non-Hodgkin’s lymphoma; CLL: chronic lymphocytic leukaemia; NK: natural killer; JAK: Janus
kinase; GVDH: graft versus host disease; RCC: renal cell carcinoma; ILD: interstitial lung disease;
HSCT: haematopoietic stem cell transplant. #: approved in Europe but not the USA.
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immunosuppressive agents but examining recent prevalence data on trends of biologic use
in both rheumatoid arthritis and IBD can provide a rough estimate. US Medicare data from
2006 to 2009 showed that the prevalence of biologic DMARD use for rheumatoid arthritis
is ∼27% [21]. However with more options available and increasing experience in
prescribing these agents, the use of biologic DMARDS has been increasing in more recent
years and is likely to be higher now compared to what was previously reported [22]. This
same trend is true for IBD as well, and is now estimated that around 43.8% of Crohn’s
disease patients and 16.2% of ulcerative colitis patients in the USA are on a biologic [23].
While not exact, this provides a general idea of how frequently immunosuppressive agents
are used in patients with non-CF bronchiectasis.

Despite this recent increase in the usage of biologic DMARDs for various IMIDs, evidence
is lacking regarding their safety and infection risk in patients with non-CF bronchiectasis.
Two studies of interest are currently conflicting regarding whether or not immunosuppressive
agents place non-CF bronchiectasis patients at higher risk of infection, and both are
limited by their retrospective design and small sample size. The first is a single-centre
retrospective review by GERI et al. [14], which studied patients with an underlying
IMID and bronchiectasis, and compared the respiratory infection risk in those treated
with a biologic versus a nonbiologic DMARD. They identified 47 patients (85.1% with
rheumatoid arthritis) from 2000 to 2009 and followed them for a mean of 4.3 years.
The mean duration of treatment with any DMARD during this time was 2.1 years
and 59% of treatment regimens contained a biologic DMARD. Most of these patients
had diffuse bronchiectasis (95.7%) that was graded moderate (85%) by CT scan. In
multivariate analyses, they found that the use of biologic DMARDs and bacterial
colonisation (with either Pseudomonas aeruginosa, Staphylococcus aureus or H. influenzae)
were independently associated with a higher risk of respiratory infection necessitating the
use of antibiotics. The adjusted odds ratios for biologic versus nonbiologic was 8.7 (95%
CI 1.7–43.4) and colonisation versus no colonisation was 7.4 (95% CI 2.0–26.8). Out of
the biological DMARDs, etanercept and rituximab were associated with the lowest rates
of infection.

A study by GOEMINNE et al. [2] found slightly different results. They performed a
single-centre retrospective cohort analysis of 539 patients from their non-CF bronchiectasis
database, from which they identified 46 patients with an underlying IMID (37 with
rheumatological disease and nine with IBD) and bronchiectasis. All of these patients were
on various combinations of non-biologic and/or biologic DMARDs. Outcomes of
exacerbation frequency and respiratory infectious complications were then compared to the
remaining non-CF bronchiectasis patients in the database who were not on any
immunosuppressive agents (designated as the controls). In the combined IBD/rheumatoid
arthritis group, the exacerbation rate was 1.71 per year, which did not differ significantly
compared to the control non-CF bronchiectasis group, which had an exacerbation rate of
1.96 per year. There were no significant differences in FEV1 or FVC between the two
groups and the rate of Pseudomonas isolation was similar (28.5% in the rheumatoid
arthritis/IBD group versus 30% in the control group). Pulmonary infectious complications
included a 20% rate of pneumonia, 2% rate of cavitary pneumonia (occurred in a patient
on nonbiologic DMARDs and low-dose corticosteroids) and 37% rate of bronchitis. These
infections were equally attributable to both nonbiologic and biologic DMARDs, although
only 13% of the total treatment regimens contained a biologic. Overall in this study,
biologic DMARDs did not seem to be any more harmful than nonbiologic DMARDs but
the rate of biologic DMARD use in this study was low.
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While there are no data examining the infection risk in non-CF bronchiectasis patients
with other classes of immunosuppressive agents, there are data from retrospective reviews
and small case series suggesting that mycophenolate may be a risk factor for the future
development of bronchiectasis. Mycophenolate works by inhibiting purine synthesis,
inducing apoptosis in activated T-cells and suppressing the expression of adhesion
molecules [24]. Compared to azathioprine, mycophenolate has been shown to be
associated with reduced IgG concentrations [25]. ROOK et al. [26] described five kidney
transplant patients without bronchiectasis pre-transplant who developed recurrent lower
respiratory illnesses and CT-confirmed bronchiectasis after transplant. All patients
received standard doses of immunosuppression and all had normal Ig levels. Complete
resolution of respiratory symptoms was seen in all patients after discontinuation of
mycophenolate, and four were successfully transitioned to azathioprine and remained
symptom free.

BODDANA et al. [27] performed a retrospective analysis of 289 kidney transplant
patients receiving mycophenolate-based immunosuppression. 23 (8%) developed recurrent
chest infections after starting mycophenolate, of whom seven (2.4%) had CT-confirmed
bronchiectasis. Post-transplant bronchiectasis was not reported in patients receiving non-
mycophenolate-based immunosuppression. Interestingly, all seven of the bronchiectasis patients
receiving mycophenolate had low IgG levels, possibly suggesting that hypogammaglobulinaemia
predisposing to recurrent respiratory infections was the underlying mechanism.

As is evident, the current data examining the infection risk of immunosuppressive drugs in
non-CF bronchiectasis is limited to the use of nonbiologic or biologic DMARDs in
patients with IMIDs. There are data suggesting that mycophenolate in kidney transplant
patients may be a risk factor for the future development of non-CF bronchiectasis but
there are no studies evaluating its safety in patients with pre-existing bronchiectasis.
Unfortunately, the available studies on this topic are of small sample size and limited to
retrospective reviews from single centres, so the safety of immunosuppressive agents in
non-CF bronchiectasis is still not fully known. Larger, multicentre prospective studies
should be performed to better answer this important question. As previously mentioned,
the results of the studies by GERI et al. [14] and GOEMINNE et al. [2] were conflicting, and
this may be due to differences in the frequency of biologic use in each of the studies (59%
versus 13%, respectively).

Given the current data, we favour a nonbiologic DMARD in patients with an underlying
IMID and moderate–severe non-CF bronchiectasis with concurrent bacterial colonisation.
If biologic DMARDs must be given to control the underlying disease, these patients should
be closely monitored for the development of serious respiratory infections. In these cases,
abatacept should be considered as alternate therapy since it has been shown to be
associated with a lower risk of serious hospitalised infection in the general rheumatoid
arthritis patient population [28]. Infliximab has been associated with the highest risk of
serious hospitalised infection in the general rheumatoid arthritis patient population, so
should be avoided. In all cases, the lowest effective dose of immunosuppression should be
used and any concomitant use of corticosteroids should be minimised. Irrespective of
which biologic DMARD is used, if infections become a recurrent problem, it should be
discontinued. While the data are limited, patients who develop new or worsening
respiratory symptoms while on mycophenolate should have Ig levels measured and CT
screening for non-CF bronchiectasis. If present, these patients should be switched to a
non-mycophenolate-based regimen if possible.
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One should note that caution should be used in extrapolating these data to non-IMID
causes of non-CF bronchiectasis (i.e. post-infective, ABPA, PCD, etc.) because the current
data are confounded by the presence of the IMIDs themselves. By way of the underlying
immune dysregulation of their disease, these patients are frequently known to be at higher
risk of infection independent of the immunosuppressive therapies used to treat their disease
or the presence of bronchiectasis [29, 30]. One could hypothesise that the infection risk is
lower in patients with non-IMID-related non-CF bronchiectasis, but this has not been
studied. There are no data examining the infection risk of calcineurin inhibitors,
mammalian target of rapamycin inhibitors, antiproliferative agents or cyclophosphamide in
patients with non-CF bronchiectasis. To our knowledge, there is no study examining the
role of chronic cyclic antibiotics or inhaled antibiotics specifically in non-CF bronchiectasis
patients on immunosuppressive agents. As such, acute exacerbation and chronic
management of these patients should mirror that of all non-CF bronchiectasis patients, as
per the 2017 guidelines from the European Respiratory Society [31].

Management of nontuberculous mycobacteria disease in patients on
immunosuppressive drugs

Pulmonary NTM disease has steadily increased in incidence over the last 10 years and from
1994–2006, was found to increase by 2.6% per year in the general US population [32, 33].
Elderly patients are more prone to the infection, with studies from Oregon, USA, showing
disease rates three to four times higher in patients older than 70 years [34]. Medicare data
from 1997–2007 showed that disease prevalence increased from 20 to 47 cases per 100000
persons, which represented an increase of 8.2% per year in the Medicare population [35].
There are many reasons for this increase in incidence but the ageing of the population and
the increased use of immunosuppressive drugs likely contribute. NTM disease in
immunosuppressed hosts dates back to the cancer literature in the 1970s, and in the 1980s,
NTMs were found to be significant pathogens causing disseminated disease in the AIDS
population [36–38]. Fortunately, with the advent of combined antiretroviral therapy,
disseminated MAC in the setting of AIDS has markedly decreased [39, 40]. In this section,
we will discuss the epidemiology, diagnosis and management of pulmonary NTM in the
immunosuppressed host.

Nontuberculous mycobacteria infection and biologic disease-modifying
antirheumatic drugs

TNF-α is a cytokine released by activated macrophages that is a central component in the
maintenance of granulomas and containment of mycobacterial infections. It also plays a
pivotal role in the inflammatory response of many IMIDs, for which TNFis have been
found to be effective at blocking [41, 42]. TNFis have been independently associated with
an increased risk of pulmonary NTM infection, with rates of NTM disease five to 10 times
higher than TNFi-unexposed rheumatoid arthritis patients [43, 44]. Studies in South Korea
documented the incidence of NTM in patients on TNFis to be 238 per 100000 person-years,
with the great majority of those patients being older women [45]. In a study of Kaiser
Permanente Northern California patients receiving TNFis, WINTHROP et al. [46]
documented incidence rates per 100000 person-years of NTM infection in association
with various TNFis, and found that the incidence was the highest with adalimumab at 122,
then infliximab at 116 and lastly, etanercept at 35. The incidence of NTM in this cohort
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was 105 per 100000 person-years, which was five times that of the unexposed rheumatoid
arthritis population. This incidence was also higher than that of TB, which was only 56 per
100000 person-years. There is a theoretical increased risk of NTM with the use of the
non-TNFi biologic DMARDs as well, especially those that affect the Th1 pathway of
immunity. However, a small study of rheumatoid arthritis patients did not find a
statistically significant increased risk of NTM in patients taking non-TNFi biologic
DMARDs [47]. Currently, the data on NTM cases associated with non-TNFi biologic
DMARDs is limited to 13 cases with rituximab, seven cases with tocilizumab, two cases
with tofacitinib and one case with abatacept [34, 48–50]. Interestingly, rituximab has also
been used as an adjunct to antimycobacterial therapy in cases of disseminated MAC
infection where anti-IFN-γ antibodies were identified [51–53].

Given the increased risk of pulmonary NTM infection with TNFi therapy, it raises the
question of how to diagnose, treat and monitor these patients. Currently, there are no
screening guidelines for pulmonary NTM prior to the initiation of biologic DMARDs, like
there are for TB. However, screening with at least a sputum acid-fast bacilli (AFB) culture
should be considered in patients who have chronic respiratory or constitutional symptoms.
Cross-sectional imaging to look for radiographic findings suggestive of NTM (i.e.
bronchiectasis, centrilobular and/or tree-in-bud nodularity, discrete nodules, cavities and
consolidation) is recommended if the suspicion for disease is high enough. At this time,
there are no validated serological biomarkers available to screen for the presence of NTM
but anti-glycopeptidolipid IgA, IL-10 and various gene targets have shown promise [54, 55].
There is controversy regarding the safety of initiating or continuing treatment with TNFis in
the setting of NTM infection. The American Thoracic Society (ATS)/Infectious Disease
Society of America (IDSA) guidelines from 2007 state that if TNFi therapy is given,
adequate multidrug treatment for the NTM infection must also been initiated [56]. Other
societies consider NTM infection a contraindication to initiation of TNFi therapy. At this
time, there is still no consensus, mainly because the data examining this topic are mixed
and limited.

YAMAKAWA et al. [57] conducted a retrospective study of radiological outcomes in 11
patients with rheumatoid arthritis who received biologic DMARDs at or after a diagnosis of
NTM. All of the patients met the ATS/IDSA microbiological criteria for disease, with nine
patients isolating MAC and two isolating Mycobacterium gordonae. Out of the 11 patients,
three underwent treatment for NTM and eight were observed. Overall, the responses were
mixed but the four patients who worsened tended to have higher sedimentation rates and
worse control of their underlying rheumatoid arthritis compared to patients who were
stable or improved. It is important to note though that the great majority of patients in this
study had nodular–bronchiectatic disease and were AFB smear negative at diagnosis,
suggesting a lower burden of disease.

A similar retrospective study was conducted by MORI et al. [58], which looked at outcomes
in 13 rheumatoid arthritis patients with a diagnosis of pulmonary NTM, who were
undergoing treatment with biologic DMARDs. Most of the patients had nodular–
bronchiectatic disease but two patients also had cavitary disease. 11 patients were treated
for NTM and all of them improved, but only one of the patients continued using a biologic
DMARD during the NTM treatment course. The two patients who were not treated for
NTM remained stable but their biologic DMARDs were also discontinued. From a
rheumatoid arthritis standpoint, six of the patients remained stable or well controlled
despite discontinuation of the biologic DMARD.
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While the data are also limited to small retrospective reviews, we recommend treatment for
pulmonary NTM disease with an ATS/IDSA-approved regimen (table 2) in any patient
who is being considered for or is currently on a biologic DMARD [56]. Patients with
Mycobacterium abscessus disease should have the lowest threshold for treatment given the
difficulty in medically managing that infection. Despite limited data, daily multidrug
therapy is preferred over thrice-weekly therapy in order to maximise success of treatment.
There are not enough data to predict which patients with NTM disease will tolerate the
biologic so it is always safer to discontinue it at diagnosis and temporarily switch to
nonbiologic therapy. Leflunomide has been associated with a slightly higher odds of NTM
infection (adjusted OR 2.74), so one could consider using methotrexate instead in this
setting [44]. If it is absolutely necessary to continue the biologic DMARD, treatment for
NTM should be initiated. Abatacept may be of lower risk for NTM infection, so can be
considered as an alternative agent. If treatment for pulmonary NTM is deferred for
whatever reason (again, not recommended for M. abscessus), the biologic DMARD should
be discontinued. Biologics may be safe in patients with mild, smear-negative, nodular–
bronchiectatic disease whose underlying IMID is under good control, but the data are too
weak to make a definitive recommendation to continue it in those with mild active
infection. In patients with moderate to severe nodular–bronchiectatic or cavitary disease,

Table 2. Pulmonary NTM treatment regimens for various species

NTM species Treatment regimen Recommended
susceptibility testing

Slow-growing
mycobacteria
MAC Clarithromycin 500–1000 mg daily or

azithromycin 250 mg daily + ethambutol
15 mg·kg−1 daily + rifampicin 450–600 mg
(10 mg·kg−1) or rifabutin 150–300 mg daily

If cavitary disease, add streptomycin or amikacin
intravenous

Macrolide only

Mycobacterium
kansasii

Isoniazid 300 mg daily + ethambutol 15 mg·kg−1

daily + rifampicin 600 mg daily
Rifampicin only

Mycobacterium
haemophilum

Multidrug regimen with clarithromycin,
rifampicin or rifabutin, and ciprofloxacin

No recommendation

Mycobacterium
malmoense

Isoniazid, rifampicin, ethambutol ±
fluoroquinolones or macrolide

No recommendation

Rapid-growing
mycobacteria
Mycobacterium
abscessus

Clarithromycin 500–100 mg daily or azithromycin
250 mg daily (if nonfunctional erm(41) gene) ±

clofazimine 100 mg daily + a combination of two
of the following parenteral agents with in vitro
susceptibility: amikacin, cefoxitin, imipenem,

tigecycline

Full-panel susceptibility
testing

Mycobacterium
fortuitum

At least three-drug therapy with susceptible
agents: amikacin, fluoroquinolones, macrolide,

cefoxitin, imipenem

Full-panel susceptibility
testing

Mycobacterium
chelonae

At least three-drug therapy with macrolide and
another susceptible agent: tobramycin, linezolid,

imipenem, amikacin

Full-panel susceptibility
testing
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treatment for NTM should be initiated and biologic DMARDs discontinued. In patients
with TB, histoplasmosis or cryptococcal pneumonia, there have been numerous case reports
of immune reconstitution inflammatory syndrome (IRIS) with discontinuation of the
biologic [59]. To our knowledge, only one case in NTM has been reported (with
Mycobacterium marinum) [8] but patients should be monitored closely for the development
of signs and symptoms of IRIS. There are limited data regarding the optimum duration of
NTM therapy in these patients but 18–24 months of therapy is recommended as per the
ATS/IDSA guidelines [56]. Some expert opinion is that an end-of-therapy CT scan be
performed, and continuation of indefinite suppressive therapy be considered if there is still
a moderate amount of disease present or if the immunosuppressive needs remain high.

Nontuberculous mycobacteria infection in solid-organ transplant and
haematopoietic stem cell transplantation recipients

SOT and HSCT recipients must take immunosuppressive agents in order to prevent graft
rejection and GVHD, respectively. With improvements in surgical techniques and
fine-tuning of immunosuppressive regimens, survival in these patients has increased over
the last decade [60]. Despite this improvement in survival, infectious complications that
result from prolonged immunosuppression still represent significant morbidity and
mortality [61, 62]. Because NTMs are ubiquitous in the environment (including in hospital
and dialysis water systems), post-transplant recipients remain at risk of contracting
infection [63–69]. BAKER et al. [70] recently described 95 cases of M. abscessus colonisation
or infection in a large tertiary academic hospital. Out of those 95 cases, 46% of them
occurred in lung transplant recipients, 6% in heart transplant recipients, 4% in HSCT
recipients and 3% in other SOT recipients. To our knowledge, there are no
population-based studies reporting specific rates of infectious complications with NTM by
transplant centre and because it is not a reportable infection the available studies on
incidence only represent estimates.

NTM infection is not a common infectious complication in SOT recipients and from data
published in 2004, was reported to occur in about 0.24–2.8% of heart transplants, 0.46–2.3%
of lung transplants, 0.16–0.38% of kidney transplants and 0.04% of liver transplants [63].
More recent data published in 2016 from one transplant centre in the Midwestern
USA showed that the overall incidence of NTM infection in all SOT was 1.5% (50 out of
3338 cases) [71]. Data from Korea showed a much lower incidence of NTM infection at
0.001%, but the study was conducted in a TB-endemic area and lacked lung transplant
recipients [72]. This is important because out of all SOT, lung transplant remains the
biggest risk factor for NTM disease; NTM disease is nine to 16 times more likely to occur
in lung transplant recipients compared to the general population [73]. In one study,
NTM-infected lung transplant recipients were more likely to develop bronchiolitis
obliterans syndrome but this was not statistically significant on multivariable analysis [74].
In regards specifically to pulmonary NTM infection, KNOLL [75] showed that it comprised
61% of NTM infections in lung transplant recipients, 26% in heart transplant recipients,
31% in liver transplant recipients and 17% in kidney transplant recipients. However, the
rate of NTM infection is highest in HSCT recipients at 0.4%-10%, which is upwards of 600
times greater than the general population [63]. Risk factors for the development of NTM
infection in HSCT recipients include allogeneic and myeloablative transplants, matched or
unmatched unrelated donor allografts, severe chronic GVHD and cytomegalovirus viraemia
[65, 76, 77].
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The clinical presentation of NTM in SOT recipients is heterogeneous because of the
numerous different species that can cause disease. See table 3 for a list of NTM species that
are documented to cause infection in this population [78]. With the exception of lung
transplant recipients, the most common site of infection in SOT recipients is skin, soft
tissue and musculoskeletal [78]. While the slow-growing mycobacteria more commonly
cause pulmonary disease, the rapid-growing mycobacteria tend to cause more skin and soft
tissue infections, and thus are more commonly isolated from SOT recipients [78].
Disseminated disease is not a common presentation but liver transplant recipients seem to
be at the highest risk [78]. The median time to onset of infection from the transplant
differs depending on the transplanted organ but is roughly 10 months with liver,
15 months with lung, 24 months with kidney and 30 months with heart [78]. The
diagnosis of extrapulmonary NTM should be via AFB culture of a sterile site and the
diagnosis of pulmonary disease should be based on the 2007 ATS/IDSA criteria [56].

The clinical presentation of NTM in HSCT recipients is similar to that of SOT recipients
but disseminated disease is more common. This is due to the severely impaired
cell-mediated immunity in HSCT recipients, which is a result of their underlying disease,
pre-transplant conditioning regimens and GVHD. The most common NTM species
reported to cause infection in HSCT recipients are MAC, Mycobacterium haemophilum,
Mycobacterium gordonae, Mycobacterium fortuitum, M. abscessus and Mycobacterium
chelonae [34]. The median time to infection is 115–1055 days post-HSCT but it has been
reported to occur as early as day 7. Central venous catheter (CVC)-associated infections are
most common, occurring in 36% of all cases of NTM infection, and pulmonary disease is
the second most common, occurring in 30% of cases.

Management of NTM in SOT and HSCT recipients depends on the site of infection, with
skin and soft tissue infections usually requiring a combination of medical therapy and
surgical debridement, and CVC-associated infections requiring removal of the catheter. For

Table 3. Species of NTM that cause infection in solid-organ transplant

Slow-growing mycobacteria Rapid-growing mycobacteria

Mycobacterium asiaticum
Mycobacterium avium
Mycobacterium celatum
Mycobacterium genavense
Mycobacterium haemophilum
Mycobacterium intracellulare
Mycobacterium gastri
Mycobacterium kansasii
Mycobacterium malmoense
Mycobacterium marinum
Mycobacterium scrofulaceum
Mycobacterium szulgai
Mycobacterium terrae
Mycobacterium thermoresistibile
Mycobacterium triplex
Mycobacterium xenopi

Mycobacterium abscessus subsp. abscessus
Mycobacterium abscessus subsp. bolletii
Mycobacterium abscessus subsp. massiliense
Mycobacterium chelonae
Mycobacterium fortuitum
Mycobacterium mageritense
Mycobacterium mucogenicum
Mycobacterium neoaurum

Reproduced and modified from [78] with permission.
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the purposes of this chapter, we will focus on the management of pulmonary NTM. See
table 2 for a detailed description of the recommended regimens [56]. In general, all SOT
and HSCT recipients with pulmonary NTM disease should initiate multidrug therapy. The
immunosuppression should be decreased to the lowest effective dose that still prevents graft
rejection or GVHD and any concomitant corticosteroids should be discontinued if possible.
Drug–drug interactions must also be taken into account prior to treatment initiation, as
significant interactions exist between the rifamycins/clarithromycin and the
immunosuppressive agents [79, 80]. For example, rifamycins will increase the metabolism
of calcineurin inhibitors, thus increasing the risk of rejection. Conversely, clarithromycin
decreases the metabolism of the calcineurin inhibitors and can predispose to toxicity. It is
for this reason that we prefer azithromycin-based regimens, which are just as efficacious
but lack significant drug–drug interactions [81]. If the rifamycins or clarithromycin are
used, careful drug monitoring should be performed in order to ensure therapeutic levels of
immunosuppression. For patients who isolate MAC and are unable to tolerate standard
therapy, clofazimine as salvage therapy in SOT recipients has been shown to be well
tolerated [82]. However, there are no large retrospective or prospective studies examining
its efficacy in SOT or HSCT recipients. Similar to NTM patients on biologic DMARDS,
daily therapy is preferred in the SOT/HSCT population with a recommended total duration
of 18–24 months. Indefinite suppressive therapy should also be considered in these patients
if the end-of-therapy CT scan still shows significant amounts of residual disease or if the
level of immunosuppression needs remain high.

The prognosis for SOT recipients with NTM infection is quite favourable. 75% of patients
are cured with antimycobacterial therapy and only ∼5% of deaths are attributable to NTM
infections [78]. However, this may also depend on which species of NTM is causing
disease. As alluded to previously, M. abscessus remains difficult to treat due to its high
resistance patterns to traditional antimicrobials and prior studies documented nearly a 50%
failure or relapse rate with treatment [83, 84]. Recently, it has been found that half of
M. abscessus isolates contain a functional erythromycin methylase 41 (erm(41)) gene, which
confers inducible macrolide resistance and probably explains the failure rates [84].
LONGWORTH et al. [73] conducted a single-centre retrospective cohort study of SOT patients
with NTM infection and compared 3-year mortality between recipients who isolate
M. abscessus with those who isolate another pathogenic NTM species. Despite multidrug
resistance in the M. abscessus isolates, there was no significant difference in 3-year survival
between the two groups. However, a secondary analysis was performed comparing overall
survival between SOT recipients with and without NTM infection. NTM infection within
the first year post-transplant was independently associated with mortality in the adjusted
analysis and those recipients were 11 times more likely to die than those without NTM
infection. However, NTM was identified as a contributing factor to the death of only 33%
of those patients.

The prognosis for HSCT recipients with NTM infection is less favourable. YAO-CHUNG

et al. [76] showed worse mortality in HSCT recipients with mycobacterial infection (both
NTM and TB) compared to those without infection. 5- and 10-year survival in recipients
with mycobacterial infection were ∼50% and <1%, respectively, compared to ∼70% 5-year
survival and ∼60% 10-year survival in those without mycobacterial infection. While these
survival numbers take into account both TB and NTM infection, the incidence of NTM in
this cohort was higher than TB (5.4% versus 1.4%). However, chronic GVHD was
independently associated with mycobacterial infection, and may in and of itself explain the
higher mortality in that group.
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Conclusion

As more immunosuppressive medications are being discovered with novel mechanisms of
action, clinicians are highly likely to encounter immunosuppressed bronchiectasis patients
with increasing frequency. There is a growing body of data documenting rates of serious
infection with biologic DMARDs but this is generally limited to nonbronchiectasis patients
with rheumatological disease. There is still not a large body of evidence describing the
characteristics of immunosuppressed bronchiectasis patients or the optimal approach to
monitoring and treating them. While the infection risk of immunosuppressive medications in
bronchiectasis patients is presumed to be higher (based on the experience with
nonbronchiectasis patients), there are no large population-based studies estimating the exact
risk or exacerbation frequency in this population. These studies are absolutely needed in order
for clinicians to care optimally for this growing patient population. Because of this gap in
knowledge, there should be a low threshold to refer these patients to larger, specialised centres
with more experience in this narrow field. As always, the degree of immunosuppression in
these patients should be lowered to the lowest effective dose and exposure to systemic
corticosteroids limited. Until more data are accumulated, further management of these
patients should mirror that of nonimmunosuppressed bronchiectasis patients.
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| Chapter 15

Systemic and connective tissue
diseases
Anthony De Soyza

Bronchiectasis arises in many systemic disorders. This has important consequences for the
management of the primary condition and also for the management and outcomes of the
bronchiectasis. The increased risk of infections with bronchiectasis can be a barrier to
aggressive treatment of systemic inflammatory diseases. This chapter discusses the
associations between bronchiectasis and systemic diseases, and highlights the challenges in
managing these.
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The clinical characteristics, aetiology and prevalence of bronchiectasis have already been
defined in preceding chapters. Common aetiologies include post infectious

bronchiectasis and idiopathic bronchiectasis [1–3]. Bronchiectasis is, however, increasingly
recognised as arising as part of systemic disorders or their treatment [4, 5]. Furthermore,
the presence of common medical comorbidities may alter prognosis, treatment plans or
surveillance applied in bronchiectasis [6, 7]. One of the challenges of bronchiectasis, where
multiple comorbidities appear common, is to define which comorbidities are either
causative of the bronchiectasis or are merely associations (or exacerbators of
bronchiectasis). Clearly some comorbidities will arise simply as coincidence. Understanding
which conditions cause or exacerbate bronchiectasis may be useful to improve our
understanding of the pathophysiology. A pragmatic approach, however, may be to first
understand the degree of comorbidities present in bronchiectasis and define the clinical
impact of these on exacerbations and mortality.

A number of approaches have been applied, including case series, database studies [8],
prospective cohort building [9–12] and case−control analyses [13]. Using these approaches,
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a number of systemic diseases have been identified as being associated with bronchiectasis
(table 1). This chapter does not intend to exhaustively describe each systemic disease,
noting prior comprehensive work in this area [4], but will focus on the two key areas
of rheumatoid arthritis and IBD. While increasingly COPD is viewed as having
extrapulmonary aspects, and is certainly associated with bronchiectasis, BCOS will not be
discussed herein [14].

Bronchiectasis−rheumatoid arthritis overlap syndrome

Rheumatoid arthritis is one of the commonest multi-system inflammatory conditions [15].
It affects up to 1% of the adult population [16]. Rheumatoid arthritis often manifests
primarily or initially as an articular disease but a wide range of pulmonary complications is
seen, including interstitial disease, pleural disease and bronchiectasis [17]. An association
between rheumatoid arthritis and bronchiectasis has been recognised for many years [18].
Epidemiology data for each condition in isolation are now well described [8, 19, 20]. Both
diseases appear over represented in older ages, perhaps reflecting an ageing population and
increasing diagnostic awareness [8, 21].

As with most pleuro-pulmonary manifestations of rheumatoid arthritis, bronchiectasis can
precede or may develop after the onset of rheumatoid arthritis [4, 22]. Rheumatoid arthritis
can precede the development of bronchiectasis by up to 10–20 years. The temporal
relationship of primary rheumatoid arthritis with subsequent bronchiectasis could be
abbreviated as RA-BR [17]. Notably, the frequency of bronchiectasis in those with
rheumatoid arthritis is much higher than in the general population [23]. The prevalence of
clinically significant bronchiectasis in a range of populations with rheumatoid arthritis has
previously been reported from 2–3%, but can be much higher [4, 23]. More recent studies
using modern HRCT scanning have suggested that radiological bronchiectasis is the most
common significant abnormality seen in patients with rheumatoid arthritis, with rates from
30% [24–26] to over 50% observed [27, 28]. Interstitial lung disease was reported at rates of
10% in the same rheumatoid cohort [27]. Few, if any, cases of combined rheumatoid

Table 1. Systemic diseases associated with bronchiectasis

Rheumatological diseases
Rheumatoid arthritis
Sjogren’s syndrome
Ankylosing spondylitis
Relapsing polychondritis
Systemic lupus erythematosus
Marfan’s syndrome
Amyloidosis

IBD
Ulcerative colitis
Crohn’s disease
Coeliac disease

Miscellaneous conditions
Sarcoidosis
Yellow nail syndrome
HIV infection/AIDS

Reproduced and modified from [4] with permission.
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arthritis with interstitial lung disease (RA-ILD) and bronchiectasis were noted, but these
cases do arise in clinical practice and can be particularly challenging. A third radiological
pattern of predominant small airways disease [24, 25, 29] may be seen, and this could have
significant overlaps with obliterative bronchiolitis.

In contrast, data suggests that there is an increased risk of developing rheumatoid arthritis
in those with pre-existing bronchiectasis (BR-RA) [30–32]. The immune dysregulation seen
in bronchiectasis, with chronic bronchial suppuration, persistence of airway bacterial
antigens and immune activation in the setting of an individual genetically predisposed to
autoimmunity, likely plays a key role in some cases of rheumatoid arthritis development.
Bronchiectasis can therefore be viewed as a trigger for an immune reaction leading to
extrapulmonary autoimmunity and articular involvement [33]. Therefore, there may be
distinct syndromes of RA-BR and BR-RA different both temporally in onset and potentially
in pathophysiology [4]. There is, however, often a delay in the diagnosis of each disease
[6, 34] and the temporal relationships may be challenging to robustly define in large cohort
studies. It is the author’s preference to acknowledge that whilst BR-RA and RA-BR may be
different both in pathophysiology and in outcomes, it may easier to refer to these
collectively as bronchiectasis−rheumatoid arthritis overlap syndrome (BROS) [9].

The rates of rheumatoid arthritis reported in bronchiectasis vary widely, with rates of 2 to
24% in a recent multicentre European study [9]. This may reflect variations in healthcare
systems, diagnostic thresholds, referral patterns and, potentially, variations in disease
susceptibility. Interestingly, MCSHANE et al. [35] reported that 28.6% of bronchiectasis in
African-Americans was secondary to rheumatoid arthritis, suggesting certain populations
may be at higher risk.

The radiological burden of bronchiectasis is high in rheumatoid arthritis. Older studies
suggested rates of up to 50% of patients with rheumatoid arthritis having bronchiectasis on
HRCT scans [36], and more recent series still report such high rates [27]. One challenge in
defining and understanding the available literature on BROS is that there may be
radiological changes consistent with bronchiectasis in the absence of clinical symptoms.
There appears to be a high rate of clinically asymptomatic bronchiectasis in rheumatoid
arthritis: a case series from Saudi Arabia of 100 rheumatoid arthritis patients recruited in
2013 and 2014 described a rate of 35% of demonstrating radiological bronchiectasis.
Patients with known bronchiectasis or other lung disease (or symptoms of a reported
chronic cough) were excluded from the study. There were greater risks of radiological
bronchiectasis with increased age, disease duration and male gender [22]. Indeed, male
gender was associated with a 3.4 times increased risk for radiological bronchiectasis. As
expected, there was a high rate of seropositivity for anti-cyclic citrullinated peptide
(anti-CCP) antibodies and rheumatoid factor (66% and 71%, respectively) and evidence of
systemic inflammation, as demonstrated by elevated C-reactive protein (CRP). Those with
radiological bronchiectasis did not have higher CRP but tended to higher titres of
anti-CCP. The presence of radiological bronchiectasis was not associated with poorer
DAS28-CRP scores and occurred in 31% of patients who were seronegative for anti-CCP.
Long-term follow-up of these patients was not reported, but the rates of, and risk factors
for, conversion of radiological bronchiectasis to clinically important bronchiectasis would
be an important future study.

Our recent work suggests there may be higher rates of autoantibody seroprevalance in those
with bronchiectasis than in healthy controls. In our study of 122 HRCT-confirmed
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bronchiectasis patients with a history of two or more respiratory infections per year but no
known rheumatoid arthritis, we found higher rates of seropositivity for anti-citrullinated
peptide antibodies when compared to healthy controls. Interestingly, the rate of
seropositivity for rheumatoid factor was not higher in a bronchiectasis population than in
an asthma control population [30].

A strongly positive anti-CCP occurred significantly more frequently in bronchiectasis
patients (four (3.3%) out of 122, compared to none out of 164 of the asthma and control
cases combined; p=0.03). Notably, in the four bronchiectasis patients who had no known
joint disease or symptoms, but were seropositive for anti-CCP, two patients presented with
clinical features of rheumatoid arthritis within 1 year of study enrolment. This suggests that
the temporal sequence of bronchiectasis as a primary disease with secondary rheumatoid
arthritis (BR-RA) might be anticipated by serological markers. The role of routine
serological testing in bronchiectasis is not, however, recommended in current bronchiectasis
guidelines [5, 6].

The presence of bronchiectasis in patients with rheumatoid arthritis has previously been
viewed as having no impact on markers of rheumatoid arthritis severity, or on lung
function markers [25]. Disease activity, including the extent of arthritis and functional
grading, have been reported as similar, although the erythrocyte sedimentation rate was
found to be higher in those with comorbid bronchiectasis [23, 37].

In contrast, our work with 53 patients with BROS who had both respiratory
characterisation and evidence of symptomatic lung disease (bronchiectasis with two or
more exacerbations and no interstitial lung disease) and rheumatological review to define
DAS28-CRP suggests a clinically significant interaction as measured by serology. We
studied these patients and compared them to patients with rheumatoid arthritis alone who
had no clinical or radiological evidence of lung disease. DAS28-CRP, rheumatoid factor
(IgM) and anti-CCP were measured alongside a detailed clinical and radiology records.
BROS patients had higher DAS28 scores (3.51 versus 2.59), higher levels of anti-CCP (89%
versus 46%) and rheumatoid factor (79% versus 52%) (p=0.003) compared to those with
rheumatoid arthritis alone. Importantly, there were nearly double the rates of erosive
change where hand and foot radiology findings were recorded: 29/37 in those with BR-RA
(78%) and 13/30 (43%) in those with rheumatoid arthritis alone (p=0.0030) [38]. There
were no significant differences between groups in smoking history or disease-modifying
anti-rheumatic drug/biological therapy. These data suggest either more active
rheumatological disease per se or under-treatment of the rheumatoid arthritis. We were,
however, unable to demonstrate any significant differences in disease-modifying
anti-rheumatic drug/biological therapy [38].

Impact of bronchiectasis−rheumatoid arthritis overlap syndrome
on outcomes

The co-existence of bronchiectasis and rheumatoid arthritis has major clinical significance
beyond joint disease, serology and disease activity: in single centre UK study from 1997,
patients with BROS were noted to have a standardised mortality ratio 7.3 times greater than
seen in the general population. Importantly, this was also five times that of patients with
rheumatoid arthritis alone and over two times greater that of patients with bronchiectasis
over 5 years [13]. Two recent multicentre studies have confirmed this: first, MCDONNELL
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et al. [12] reported, in an international multicentre case series of 140 patients, that
comorbid connective tissue disease was associated with an odds ratio of 1.78-fold excess
mortality compared to idiopathic bronchiectasis. The presence of comorbid connective
tissue disease therefore has significant weighting in the BACI as a result of this [12].
Secondly, in a multicentre cohort study of 1716 patients with some overlap to the study
reported by MCDONNELL et al. [12] but focusing only on BROS, we identified 8.5% of the
affected patients had BROS [9]. We also demonstrated mortality rates of 18% with two-fold
odds ratio for mortality above that compared to the control bronchiectasis group without
rheumatoid arthritis [9]. Interestingly, this excess mortality was seen despite BSI scores and
exacerbation rates appearing clinically similar between the bronchiectasis and BROS groups.
A recent single centre case−control study of patients recruited 1999–2002 reported an
excess of mortality over an 11-year period of follow-up [18]. The patients with BROS had
also a poorer prognosis in terms of survival after rheumatoid arthritis diagnosis (HR 8.6,
95% CI 1.5–48.2; p=0.014) and from birth (HR 9.6, 95% CI 1.1–81.7; p=0.039).
Divergence in mortality rates was seen within the first 5 years in this study. Collectively
these prior data and our international multicentre observations support BROS as a risk for
poorer outcomes in bronchiectasis.

Pathophysiology

Several mechanisms may explain the development of BROS: firstly a number of studies
support a potential link between airway damage and rheumatoid arthritis (figure 1).
There are clear links between the risk of developing rheumatoid arthritis in smokers and
this may increase the risk of airway-centred damage [23]. The lung may be an early site
of autoimmune-related injury, and potentially a site of generation of rheumatoid arthritis-
related autoimmunity [39, 40]. Studies supporting this concept include those on the
microbiome in rheumatoid arthritis, demonstrating the dysbiosis and significant divergence
in the oral microbiota between healthy individuals and rheumatoid arthritis patients [41].
Supporting this link between oral microbiota and bronchiectasis are the numerous studies
showing that bronchiectasis sputa are rich in bacteria [42–44]. Interestingly links between
certain oral bacteria, periodontitis and future rheumatoid arthritis risk have many facets
that explain BROS. Porphyromonas gingivalis, a species of oral bacteria, has a homologue to
human peptidyl arginine deiminase, type IV, also known as PAD4 [45]. Recent data suggest
a positive correlation between PAD4, an enzyme predominately expressed by human
immune cells, and rheumatoid arthritis. PAD4 is important in human defences and PAD4
may contribute to the activation and release of neutrophil extracellular traps (NETosis)
[46], an important antibacterial defence: bronchiectasis lung would be anticipated to have
significant PAD4 activity given the chronic bacterial burden. PAD4 actions extend
beyond NETosis and cause citrullination of a number of human proteins, resulting in CCP
motifs [39]. These are now known to be neoantigens in rheumatoid arthritis manifested by
anti-CCP antibodies [31, 38]. The existence of neoantigens elicits a host immune response
which, in selected at-risk individuals, can subsequently initiate rheumatoid arthritis
pathogenesis [46]. Consequently, the high numbers of inflammatory cells within the
bronchiectasis lung and/or exogenous PAD4 mimics from Porphyromonas, leads to
increased peptide citrullination and the potential for anti-CCP antibodies in bronchiectasis,
underpinning the strong association between rheumatoid arthritis and bronchiectasis [47].

Rheumatoid arthritis may predispose to bronchiectasis though many other mechanisms
beyond anti-CCP antibodies; subtle immune dysfunction, either as a consequence of the
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primary disease or as a consequence of immunomodulatory therapies (see later), may be
one mechanism. To date, however, few studies have shown any major defects in host
anti-bacterial defences in untreated rheumatoid arthritis. Despite this, some reports suggest
an increased risk of infection that was related to rheumatoid arthritis disease activity but
independent of treatment with disease modifying anti-rheumatic drugs (DMARDs), with
more active rheumatoid arthritis being associated with higher rates of all infections [48].
Genetic risks are unclear but some have considered the shared epitope of HLA DR-B1 [23],
although this may be more strongly linked with rheumatoid arthritis-associated interstitial
lung disease [27]. Interestingly, a PAD4 variant has been linked with BROS in a Korean
population [27]. Other genetic factors suggested as being important in BROS included
heterozygous status for CF [49, 50].

There are no international guidelines on the treatment of either RA-ILD or BROS [51].
Good practice points suggest that multidisciplinary team working between rheumatology
and respiratory physicians is needed [17].
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Figure 1. The possible physiopathological process of anti-CCP antibody (ACPA) generation in lung disease
preceding detection in rheumatoid arthritis. a) Susceptibility and predisposition to environmental and genetic
risk factors may lead to elevation in PAD isoforms resulting in post-translational modification (citrullination)
of lung tissue peptides, bacterial peptides and/or neurone-specific enolase. b) These citrullinated antigens
on the cell surface and/or externalised by activation and release of neutrophil extracellular traps (NETosis)
are presented to antigen-presenting cells that in turn present citrullinated antigens to autoreactive T-cells
and B-cells, which may result in ACPA generation. c) Over time, clonal expansion of these autoreactive T/
B-cells will react against citrullinated peptides within connective tissue in other sites, e.g. inflamed joints,
resulting in further generation of ACPAs and the amplification of rheumatoid arthritis disease pathology.
RF: rheumatoid factor. Reproduced and modified from [33] with permission.
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Impact of immunomodulatory drugs in bronchiectasis−rheumatoid
arthritis overlap syndrome

An extensive review of this area is beyond the scope of this article; useful reviews are
available [17, 23]. Hydroxychloroquine, gold and corticosteroids are the oldest non-biological
disease modifying anti-rheumatic drugs (DMARDs) to treat rheumatoid arthritis. More
recently, methotrexate sulfasalazine and leflunomide have increased the therapeutic options [52].
Biological therapies have expanded care options, including targeting tumour necrosis factor
pathways, e.g. etanercept, or newer agents targeting other cytokine pathways, e.g. tocilizumab,
or targeting B-cells, e.g. rituximab. The pattern of infections and risk likely varies by
DMARDs agent, background pathogen exposure, time period of onset of the greatest infection,
and the background patient characteristics [23]. One clear pattern emerges, that there is an
infection risk and/or pulmonary toxicity risk prior to starting any new agent [17], and that
respiratory infections are increased in rheumatoid arthritis even prior to biological agents.
Good practice prior to starting or changing DMARDs should include ensuring respiratory
vaccines are up to date, arrangements for shared care with respiratory and rheumatology are
made and that careful microbiological evaluation is carried out on a regular basis [6, 17].
Screening for mycobacterial infection, both TB and NTM disease, through culture and for
latent TB is advisable. Although lacking any evidence base, some bronchiectasis units consider
pre-DMARD optimisation with elective intravenous antibiotics in those with BROS and
difficult to control RA element. Using these multidisciplinary approaches, it is the author’s
experience that many agents linked with poor respiratory outcomes reported from
rheumatology centres can be used without adverse events. One important factor in those with
BROS and prior rituximab therapy is to longitudinally follow the Ig levels and, in particular,
the functional antibodies such as pneumococcal vaccine titres [6, 17]. Annual flu vaccine is
already recommended in bronchiectasis guidelines and is re-emphasised in rheumatoid
arthritis guidelines for those on DMARD therapy [17]. Rituximab has become commonly
used in refractory rheumatoid arthritis. The role of rituximab in BROS is unclear. It is the
author's experience that rituximab can, however, be used safely after a period of respiratory
optimisation with good chest clearance and, in certain cases, intravenous antibiotics. Recent
reviews suggest serious infection rates are low [53] with biologics, but specific data (and from
large studies) on the risks in BROS are required.

Risk factors for developing comorbid bronchiectasis and
rheumatoid arthritis

Active rheumatoid arthritis may suppress the immune system and predispose to pulmonary
infection and the development of bronchiectasis. Some researchers have postulated that
concurrent RA-BR is due to a genetic predisposition conferring susceptibility to both
conditions. Severe bronchiectasis is the norm in CF, which is caused by the presence of
homozygous or compound heterozygous defects in the CFTR gene. A prior study of 55
adult patients with bronchiectasis noted CFTR mutations in 20 patients (36%); in 14 of the
patients (25%) only one mutant allele (in most cases the more functional M470 allele) was
detected. It was concluded that CFTR heterozygous mutations might contribute to the
development of bronchiectasis [54]. It should be noted, however, that PASTEUR et al. [6] did
not find an excess of heterozygous CFTR mutations in their study of adult bronchiectasis
patients, although others have reported higher than expected rates of CFTR mutations in
the general bronchiectasis population [55]. In a study involving 26 patients with BROS,
four (15%) had a heterozygous delta F508 CFTR mutation, while no mutations were
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detected in 29 matched controls with bronchiecasis alone and 29 with rheumatoid arthritis
alone. Those with the CFTR F508 mutation had higher rates of chronic sinusitis and more
severe pulmonary involvement than patients with BROS and normal CFTR alleles. The
frequency of CFTR mutations was higher in family members with BROS or bronchiectasis
alone than in unaffected relatives or healthy controls. Although validation of this finding in
other studies is required, it is plausible that the presence of CFTR mutations in patients
with rheumatoid arthritis may be increase the risk of developing BROS. Additional studies
would be of value to further investigate this hypothesis, with consideration of how
case-finding would be required given the high rates of radiological bronchiectasis as
compared to the rates of “clinically significant” BROS.

Few studies have been performed to evaluate the role of human leukocyte antigen (HLA) in
the development of RA-BR. In a study from 1993 of 153 patients 41 of whom had BROS,
the HLA variant DQB1*0601 was found to be increased in subjects with bronchectasis,
with or without rheumatoid arthritis (but only significantly in RA-BR subjects) [56].
However, this finding was not confirmed in a study of unselected RA patients who
underwent HRCT to evaluate lung disease. Those diagnosed with bronchiectasis had a
nonsignificant increase of HLA DR2 and DR7, but a significantly lower prevalence of the
HLA DQA1*501 allele. In a study from Turkey of 52 patients, which reported on HLA
DR4 and DR1 genotypes, there were not any significant differences in their frequencies
between the groups [57]. The available studies cross many different populations and are
often from a single centre, resulting in conflicting results [58, 59].

More recently, a study assessing lung disease in a Korean population of 116 patients with
rheumatoid arthritis has shown an increased susceptibility to RA-ILD in those with
HLA-DRB1 (odds ratio 22.89). In contrast, the recessive genotype of PAD4 was more
commonly linked with the presence of airways disease in rheumatoid arthritis (odds ratio
2.22) [27]. Thus there appears to be strong genetic aspect to RA-ILD but to date no such
strong associations between genotype and BROS have been noted.

Research priorities in bronchiectasis−rheumatoid arthritis
overlap syndrome

It is clear that there is a clinically meaningful link between bronchiectasis and rheumatoid
arthritis. A number of research question arise from this (table 2). The predictors of which
patients with rheumatoid arthritis then go on to develop clinically significant bronchiectasis
are yet to be identified; this may be a useful group to target before disseminated airway
damage arises. Similarly, defining which patients with bronchiectasis are at elevated risk of
developing rheumatoid arthritis and how frequently this should be monitored for remains
to be defined. BROS is associated with an excess of mortality [9, 12, 13] and larger scale
studies that define which subgroups are at greatest risk are required.

Inflammatory bowel disease

IBD is increasing in prevalence globally [60]. Bronchiectasis has been increasingly recognised
in association with IBD [61–63]. Data from the EMBARC international registry suggests IBD
associated bronchiectasis (IBD-BR) accounts for less than 5% of the registered cases. Similar
rates have been reported in a study from 10 centres across Europe [3]. In a recent
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international multicentre study, the presence of IBD and bronchiectasis was associated with
a two-fold increased risk of mortality [12]. There are, however, few large studies of patients
with IBD-BR. When we interrogated the EMBARC dataset to define the prevalence of
reported IBD-BR, we identified 232 patients (2%) with reported IBD (165 with ulcerative
colitis and 67 with Crohn’s disease) of a total of 11024 patients. We compared these patients
with all other causes of bronchiectasis in the registry. No significant differences in age, lung
function (FEV1), exacerbation frequency or BSI between groups were noted (all
p>0.05). Quality of life respiratory symptom scores were significantly worse in those with
IBD-BR compared to others. Interestingly, P. aeruginosa was less common in IBD-BR than
in other aetiologies. Interestingly, and in contrast with the prior study [12], we could not
demonstrate an excess of mortality (A. De Soyza and co-workers, unpublished results).

Ulcerative colitis is well recognised to have multiple extra-intestinal complications. The
rates of uveitis, arthritis, pyoderma gangrenosum, vasculitis and liver disease can affect up
to 50% of patients [62, 64]. Whilst there are few if any robust systematic studies looking at
pulmonary involvement with modern CT techniques, there is an increasing recognition
that both interstitial and airway centred problems arise in ulcerative colitis. These include
subglottic stenosis, pleural effusions, obliterative bronchiolitis, organising pneumonia and
pulmonary nodules [61–63, 65–68]. Chronic bronchitis and bronchiectasis appear to be the
more common complications with rates of 21–25% reported in older series [62].

Similar to BROS the onset of respiratory symptoms can precede or arise after diagnosis of
the ulcerative colitis [4, 66, 69]. Another similarity is the potential for radiological evidence
of airways disease in those with colitis but no active respiratory symptoms [63]. HRCT
changes of bronchiectasis, mosaic perfusion and air trapping suggestive of obliterative
bronchiolitis are all described [63].

One study has suggested that airways disease is often more problematic when the colitis is
active as compared to when in remission [70]. There are clear temporal relationships in
some series between recent colectomy and either development or worsening of IBD-BR
[63, 67, 68, 71]; hence colectomy is not recommended to try and improve this complication
even though other manifestations are recognised to improve.

Symptoms raising the spectre of IBD-BR include breathlessness and chronic productive
cough [70]. Pulmonary function tests are widely reported as deranged in IBD-BR, often

Table 2. Selected research questions in bronchiectasis−rheumatoid arthritis overlap syndrome
(BROS)

Does earlier diagnosis of rheumatoid arthritis in bronchiectasis lead to better clinical outcomes
for both joint and respiratory disease?

What screening tests can be applied in rheumatoid arthritis to detect those at higher risk of
bronchiectasis (and how often should these be applied)?

What screening tests can be applied in bronchiectasis to detect those at higher risk of
rheumatoid arthritis (and how often should these be applied)?

What disease modifying anti-rheumatic drug (DMARD) therapy is associated with the best benefit/
risk profile in BROS?

Which biological agents are associated with the best benefit/risk profile in BROS?
What is the cause of excess mortality in BROS?
Does tackling extrapulmonary complications, e.g. aggressive cardiovascular risk management,

reduce this excess mortality?
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with an obstructive pattern and, occasionally, impaired gas transfer [64, 68, 72]. Whilst
recognised as a marker for airway inflammation in asthma FeNO has also been shown to
be raised in three studies of those with IBD-BR [73–75].

The mechanistic links between ulcerative colitis causing bronchiectasis is unknown, but the
colon and airway epithelium have similar embryonic origin arising from the primitive gut.
Both have columnar epithelia with goblet cells and submucosal mucous glands. The
histopathological changes confirm a submucosal inflammatory process similar to that seen
in colonic biopsies in ulcerative colitis.

Treatment of ulcerative colitis-related bronchiectasis remains empirical, though a number
of older case reports and series have noted a good response to inhaled or systemic
corticosteroids. This alongside the elevated FeNO may suggest a more lymphocytic process
with less neutrophilic inflammation.

Crohn’s disease

Crohn’s disease is recognised to have significantly different colonic pathology and disease
course from ulcerative colitis. Both are, however, associated with extra-intestinal
manifestations. The involvement of respiratory manifestations in patients with Crohn’s
disease is less well described that that for ulcerative colitis [61–63, 66, 76]. Bronchiectasis
following colectomy for Crohn’s disease has been reported with clear evidence of a normal
CT prior to colectomy and rapid onset within 3 months post-surgery [76]. Whilst this
could reflect coincidence, the authors noted a marked response to systemic steroids,
suggesting this was unlikely to be a coincidental case of idiopathic bronchiectasis [76]. Of
the few prospective series, asymptomatic radiological evidence of bronchiectasis without
symptomatic disease was again noted [77–79].

Summary

Bronchiectasis can complicate a number of systemic diseases. Unifying themes across
rheumatoid arthritis and IBD are that there are high rates of radiological abnormalities in
asymptomatic patients. With the advent of HRCT scanning and its wider use to monitor
for drug toxicity in systemic diseases, the presence of radiological airway abnormalities is
common, showing airway dilatation and bronchial wall thickening. Predicting which
patients have clinically significant bronchiectasis disease or are at risk of progressing from
asymptomatic radiological bronchiectasis to clinically significant bronchopulmonary sepsis
is a major challenge. Additional challenges are the increasing use of powerful
immunosuppressive agents for the primary disease, which have the potential to help the
inflammatory load in the lung seen in bronchiectasis but could also worsen bronchiectasis
through impairing host defences. Physicians caring for these patients should adopt a
multidisciplinary approach to ensure the best patient outcomes.
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| Chapter 16

Diagnosis of primary ciliary
dyskinesia: current practice and
future perspectives
Amelia Shoemark 1,2 and Jane S. Lucas 3,4

PCD is a genetically and clinically heterogeneous condition. It is characterised by inherited
abnormality of motile ciliary function. Symptoms include recurrent upper and lower
respiratory tract infections from an early age, usually resulting in bronchiectasis as an adult.
Approximately 50% of people with PCD have situs inversus. Diagnosis of PCD is complex
and requires a multi-test approach since no test has complete sensitivity or specificity. This
chapter describes the central aspects of PCD diagnosis, based on evidence from the 2017
European Respiratory Society guidelines. Diagnostic investigations include measurement of
nasal nitric oxide, genetic testing and sampling the nasal epithelium to conduct microscopic
analysis of cilia. Laboratory microscopy investigations include ciliary beat frequency and
pattern by high-speed video microscopy, ciliary protein expression by immunofluorescence,
and ciliary ultrastructure by transmission electron microscopy. A diagnosis is confirmed by
the presence of a hallmark defect of ciliary ultrastructure observed by electron microscopy or
bi-allelic pathogenic mutations in a known PCD gene.
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European Respiratory Society, 2018; pp. 267–281 [https://doi.org/10.1183/2312508X.10016617].

@ERSpublications
A chapter describing current practice and future perspectives for the diagnosis of
primary ciliary dyskinesia, a genetic cause of bronchiectasis http://ow.ly/Yva330ksJkB

PCD is an inherited disease, characterised by abnormal motile ciliary function, which is
genetically and clinically heterogeneous. Failure of motile cilia to effectively clear

secretions results in reoccurring respiratory tract infections and most patients develop
bronchiectasis by adulthood. The prevalence of PCD is ∼1:10000 of the population [1]. To
put these numbers into the context in the respiratory clinic, for every four individuals with
CF, there should be one individual with PCD. The small number of systematic studies that
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have investigated the aetiology of bronchiectasis suggest that PCD accounts for between 1%
and 16% adults with bronchiectasis [2, 3].

This Monograph has two chapters on PCD. This, the first, describes the diagnostic pathway.
The second chapter focuses on clinical management once a diagnosis is made [4]. Prompt
and accurate diagnosis of PCD allows appropriate treatment and counselling for this
multisystem inherited disease. A missed or late diagnosis of PCD is associated with an
increased impairment of respiratory function and increased likelihood of Pseudomonas
aeruginosa infection suggesting worse outcome [5]. The 2017 European Respiratory
Society (ERS) guidelines for the management of bronchiectasis suggest testing for PCD
with nasal nitric oxide, high-speed video analysis, transmission electron microscopy,
immunofluorescence and/or genetic testing in patients with a compatible clinical history.
The first section of this chapter addresses in further detail how to identify who should be
referred for diagnostic testing.

The following sections of the chapter describe the diagnostic tests recommended in the
current diagnostic guidelines. Two international guidelines for the diagnosis of PCD have
been recently published. The North American PCD Foundation consensus recommendations
[6] and the ERS evidence-based guidelines for the diagnosis of PCD [7] both highlight the
lack of strong evidence underpinning PCD diagnostic tests. Figure 1 provides an overview of
the diagnostic algorithm recommended in the current evidence-based ERS diagnostic
guideline. Ultimately, confirmation of a PCD diagnosis can be made by identification of a
hallmark ultrastructural defect by electron microscopy or bi-allelic pathogenic mutations in a
known PCD gene, but no test or combination of tests can exclude a diagnosis with certainty.
The final section of this chapter discusses recent research and potential future directions for
PCD diagnosis.

Who should be referred for diagnostic testing?

PCD is estimated to affect one in 10000 people, and can be considerably higher in isolated
or consanguineous populations, for example the Dutch Volendam population (>1:400) and
certain British Asian populations (≈1:2000) [8, 9]. However, most people with PCD spend
their lifetime being labelled as “idiopathic bronchiectasis” because nobody has considered
investigating for PCD. To reduce the number of people with late or missed diagnoses,
pulmonologists, neonatologists, cardiologists, paediatricians and ear, nose and throat
doctors need to consider the diagnosis and refer for testing when appropriate [1, 10]. There
is a misconception that a diagnosis of PCD makes little difference to the management of
patients with bronchiectasis, and it is unacceptable not to investigate with a view to
providing a multidisciplinary package of PCD-specialist counselling and care [4, 7, 10].

Although symptoms are nonspecific in isolation, the combination and chronology of
symptoms in patients with PCD is usually typical. Problems usually start in very early life,
and anybody with bronchiectasis should be asked about childhood symptoms, although
adults might not be aware of their early medical history. The majority of patients with PCD
present in the neonatal period. The history is often of respiratory distress or neonatal
pneumonia occurring a few hours after birth in term infants with no risk factors [11]. The
babies typically have atelectasis or lobar collapse on chest radiography, and some will have
a prolonged oxygen requirement. Neonatal rhinitis is rarely reported in babies without
PCD, yet ∼25% of babies with PCD are affected [10]. While 50% of PCD infants have situs
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inversus or heterotaxy, referral should not be delayed in symptomatic individuals with
normal cardiac situs. Cardiac defects, particularly those associated with situs anomalies are
more common in patients with PCD [12].

Patients with PCD usually have a daily wet or productive cough and nasal symptoms
throughout life. Infants and young children are often well despite the cough, only
becoming unwell during infections. In the author’s experience, it is not uncommon to see a
child who has a rattly chest and wet cough or chronic rhinitis during the consultation, yet
the parents report no problems. They have presumably become used to the untroublesome
daily symptoms that may have been present since birth. Infective exacerbations occur
because of impaired mucociliary clearance, and eventually patients become colonised with
Haemophilus influenzae, P. aeruginosa and other respiratory pathogens [5, 13–17]. By
adulthood, bronchiectasis is almost universal [5, 18]. Lower airway symptoms are
commonly associated with persistent rhinitis in young children, while many older children
and adults are additionally troubled by sinus disease [7, 10, 13, 19]. Ciliary impairment in
the Eustachian tubes can lead to recurrent ear infections, serous otitis media, tympanic
membrane perforation and hearing impairment.

Two predictive scores based on clinical symptoms can help identify appropriate patients for
diagnostic testing. PICADAR is a seven-point questionnaire for use in patients who have a

HSVA of cilia 
nNO

Clinical history

Tests normal,
clinical history

not strong

Tests normal, 
clinical history

not strong

Normal TEM or not done;
HSVA suggestive of PCD ×3 

or following culture 
and low nNO

Hallmark defect 
(ODA, IDA and ODA, 

or IDA and MTD)

Pathogenic bi-allelic
mutation

Tests abnormal, 
or equivocal, or 
strong history

Cell culture (repeat HSVA) 
TEM

Genetic testing#

PCD highly
unlikely

PCD highly
likely

PCD positiveTests normal, 
or equivocal, or 

very strong history

Figure 1. Diagnostic algorithm for PCD as recommended in the European Respiratory Society
evidence-based guidelines for PCD diagnosis [7]. HSVA: high-speed video-microscopy analysis; nNO: nasal
nitric oxide; TEM: transmission electron microscopy; ODA: outer dynein arm; IDA: inner dynein arm; MTD:
microtubular disorganisation. #: if tests remain normal or equivocal but there is a strong history consider
additional investigations.
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persistent wet cough, which started early in childhood; it includes neonatal chest symptoms
at term, situs anomalies, congenital heart defects, perennial rhinitis, and chronic ear or
hearing problems [10]. Another score includes similar items to identify people likely to
have PCD: unexplained neonatal respiratory distress, early-onset year-round wet cough,
early-onset year-round nasal congestion, and laterality defects [20].

PCD is usually inherited as an autosomal recessive condition, although X-linked
inheritance has recently been reported [21, 22]. Therefore, the siblings of patients with
PCD should be reviewed and considered for diagnostic testing, which can be targeted if the
family’s genetic defect is known.

The ERS PCD guidelines task force (2017), reviewed published evidence to make
recommendations concerning who to investigate for PCD (table 1) [7, 23].

Measuring nasal nitric oxide in the diagnostic pathway

Nasal nitric oxide (nNO) levels were first reported to be very low in people with PCD over
20 years ago, but the reason for low nNO remains elusive [24, 25]. nNO measurement
should not be confused with FeNO, a test of forced expiratory nitric oxide usually used in
asthma diagnosis. A meta-analysis of 11 studies comparing nNO during a velum closure
manoeuvre reported a mean nNO of 19 nL·min−1 in people with PCD (n=478) and
265 nL·min−1 in healthy controls (n=338) [26]. The markedly low level of nNO provides a
good biomarker to identify patients likely to have PCD, which is relatively easy and
noninvasive to measure. Both European and North American guidelines recommend that it
be measured as part of the diagnostic pathway [6, 7, 23].

The ERS PCD diagnostic guideline (2017) recommended that nNO should be part of a
combination of diagnostic tests given its excellent sensitivity (90–100%) and good
specificity (75–97%) [7]. Measurements are ideally made by aspiration of gas from one
nostril with gas entrained via the other naris during a velum closure manoeuvre, using a
chemiluminescence analyser [27]. Acceptable measurements can alternatively be obtained
using other breath manoeuvres, such as tidal breathing if the patient cannot achieve a
velum closure breath hold, but the discrimination between PCD and non-PCD is poorer [28].

Table 1. Who needs referral to a PCD diagnostic centre?

1) Patients should be tested for PCD if they have several of the following features:
Persistent wet cough
Situs anomalies
Congenital cardiac defects
Persistent rhinitis
Chronic middle ear disease with or without hearing loss
A history of neonatal upper and/or lower respiratory symptoms in term infants
Neonatal intensive care admittance

2) Patients with normal situs presenting with symptoms suggestive of PCD should be referred for
diagnostic testing

3) Siblings of patients should be tested for PCD, particularly if they have symptoms suggestive
of PCD

4) A combination of distinct PCD symptoms and predictive tools (e.g. PICADAR) can be used to
identify patients for diagnostic testing
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Results recorded in parts per billion can be converted to nL·min−1 by multiplying by the
flow rate of the analyser. nNO readings in healthy infants and young children are lower
than in older children, making false positive results more likely in the population
where diagnosis should first be suspected. MARTHIN and NIELSEN [29] reported high
false-positive rates (36%) for preschool children. Electrochemical analysers can provide an
acceptable screening tool that is portable and cost-effective; low results should be repeated in
a specialist centre using a chemiluminescence analyser since false-low levels can occur with
portable analysers [30]. People with a clinical history supportive of PCD and low nNO
should be referred to a specialist diagnostic service for further testing, including transmission
electron microscopy (TEM), high-speed video-microscopy analysis (HSVA) and genotyping.
A normal nNO level does not exclude the diagnosis, and patients presenting with a strong
clinical history should undergo further testing even if nNO is normal.

Nasal biopsy and laboratory tests

A sample of ciliated epithelium is required to conduct the majority of the tests required to
establish a diagnosis of PCD. The columnar ciliated epithelium begins at the nasal inferior
turbinate and extends throughout the airways into the terminal bronchioles. The nose is
usually the easiest site to sample, and a good nasal brushing or biopsy can allow multiple
diagnostic tests to be conducted within the laboratory. Up to a quarter of individuals
with chronic respiratory disease will require a repeat biopsy due to inconclusive or
insufficient results and this is more common when the patient has had a recent infection;
therefore, it is recommended that sampling occurs when the patient has been free from an
acute upper respiratory tract infection for more than 4–6 weeks. This recommendation
is to minimise findings of secondary ciliary dyskinesia or lack of cilia due to recent
infection.

High-speed video microscopy

Assessment of ciliary beat pattern and frequency can be conducted by HSVA [7]. Assessment
of the respiratory epithelium is conducted ex vivo while the sample remains viable. Samples
are recorded using a light microscope fitted with high-speed video camera. Movies can be
played back at a reduced frame rate effectively allowing slow motion visualisation of the
cilia beating [31]. Cilia beat frequency alone has poor predictive value for PCD and ciliary
beat pattern should also be analysed. Figure 2 shows still images from a high-speed video
of the cilia from a healthy control and examples of the ciliary beat patterns observed in
PCD. The normal ciliary beat pattern is a coordinated forward and recovery stroke, which
effectively clears overlying mucus [32]. Typical findings in PCD include static cilia, rotating
cilia when viewed from above, stiff cilia with an incomplete forward and recovery stroke,
and hyperfrequent ciliary beat frequency. Defects of ciliary beat pattern and frequency can
occur secondary to infection and epithelial damage, consequently HSVA cannot be used as
a standalone test in the diagnosis of PCD. The ERS PCD diagnostic guideline recommends
HSVA as a diagnostic test for PCD, and suggests where a diagnosis cannot be confirmed by
electron microscopy or genetics then three consistent abnormal tests by HSVA make a
diagnosis highly likely [7]. Standardisation of descriptions of ciliary beat pattern and the
methodology used for this technique is required since several factors, such as temperature
and pH of the media, can influence results.
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Electron microscopy

Identification of a hallmark ultrastructural defect by TEM confirms a diagnosis of PCD [6, 7].

The normal ultrastructure of a cilium is shown in figure 3 and consists of nine microtubule
doublets surrounding a central pair of microtubules, known as a “9+2” structure. Each
microtubular doublet has an associated inner and outer dynein arm [33]. These dynein
motors drive ciliary beating through ATPase activity. There are three hallmark defects of
ciliary ultrastructure which confirm a diagnosis: absence of outer dynein arms, absence of
inner and outer dynein arms and “microtubular disorganisation with absence of inner
dynein arms” [34]. Electron micrographs showing typical examples of these three hallmark
defects are shown in figure 3. Additional electron microscopy findings, such as central
complex defects or isolated microtubular disorganisation, can contribute to a diagnosis
when the results are consistent with those from other cellular and molecular investigations
[35]. Some ultrastructural defects which are secondary to infection, inflammation or sample
processing can be seen by electron microscopy; therefore, it is important that the sample is
thoroughly assessed by an individual with expertise. It is a common misconception that,
because PCD is a genetic condition, all ciliary cross-sections viewed by electron microscopy
will be affected. However, TEM often identifies the downstream effect of an absent protein,
for example an assembly protein or a structural protein of only the distal portion of the
axoneme; therefore, not all cilia are always affected and a large number of cross-sections
may need to be visualised to identify and confirm the defect.

Normal ciliary
beat pattern

Stiff

b)

a)

Frame 10

60 70 80 90

20 30 40 50

Rotating Stiff at the baseStatic cilia

Cilia

Epithelial 
cell

Figure 2. High-speed video microscopy. a) Stills from a high-speed video of the cilia of a healthy control and
b) diagrammatic representations of normal ciliary beat pattern and the typical beat patterns seen in PCD.
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Since the 1980s, cases of PCD with “normal” ultrastructure have been described. More
recently, the genes responsible for PCD and normal ultrastructure have been described (e.g.
DNAH11 and HYDIN). Therefore, although electron microscopy can confirm a diagnosis it
can’t be used as a standalone test to exclude a diagnosis [36–38].

Immunofluorescence

Immunofluorescence is a relatively new technique in PCD diagnosis. Antibodies against key
ciliary proteins are used to label ciliary epithelial cells. Fluorescent secondary antibodies
bind to the primary antibody and are visualised by a fluorescent or confocal microscope. If
the protein of interest is present then the cilia fluoresce. If no fluorescence is seen in the
cilium it is considered to be absent [39]. An example of ciliated epithelium from a healthy
control and a patient with an outer dynein arm defect is shown in figure 4.

There was not sufficient evidence at the time of the 2017 ERS PCD diagnostic guideline to
recommend immunofluorescence as a diagnostic test; however, subsequent publications
have shown it to have sensitivity and specificity similar to electron microscopy when using
a panel of six antibodies [40]. Investigation by immunofluorescence can be useful in
confirming the result of an equivocal genotype or in identifying PCD in patients with
normal or subtly abnormal ultrastructure [41]. However, some antibodies give unreliable
results. For example, DNAH11 can be present in patients with pathogenic missense
mutations in DNAH11, therefore, caution should be exercised in interpreting the results of

c) d) e)

b)a)

Outer dynein arm

Inner dynein arm

Radial spoke
Microtubular doublet

Central complex

Figure 3. Transmission electron microscopy of ciliary ultrastructure. a) Diagram of the normal ciliary
ultrastructure shown in cross-section with a corresponding electron micrograph in panel b. Scale
bar=100 nm. c–e) Examples of the hallmark PCD defects. Absent outer arms are marked with a black arrow
and absent inner dynein arms with a white arrow. c) Outer and inner dynein arm defect; d) outer dynein
arm defect; and e) microtubular disorganisation with absence of the inner dynein arms.
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this test. Although immunofluorescence can be useful as part of the multi-test diagnosis it
should not be used in isolation [42].

Epithelial cell culture

Culturing epithelial cells in vitro can help to identify defects which are primary versus those
which are secondary to infection or inflammation. Primary defects remain and can worsen in
culture, whereas those which are secondary tend to normalise [43]. There are two established
methods for culturing epithelial cells in the diagnosis of PCD: air–liquid interface cultures
and spheroid cultures [43, 44]. Following culture high-speed video, immunofluorescence
and/or electron microscopy of ciliary ultrastructure can be repeated with improved accuracy.

Genetic testing

PCD is usually an autosomal recessive inherited condition meaning a pathogenic mutation
is present on both alleles. Recently, some X-linked forms have also been identified [21, 22].
Genetic testing for PCD is becoming increasingly available. To date, more than 39 genes
have been identified in which pathogenic variants cause PCD. These account for ∼70%
cases [45, 46]. Table 2 lists the known PCD genes and associated results from other
investigations. It is important that international and national reporting standards for
genetics results are adhered to when reporting variants in PCD genes, since the large
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Figure 4. Immunofluorescence images of cilia in a–c) a healthy control and d–f ) PCD with an outer dynein
arm defect. A strip of ciliated epithelial cells were labelled with acetylated tubulin (cilia) in green (a and d)
and the dynein heavy chain of the outer dynein arm DNAH5 in red (b and e). c) The overlay of the red and
green images shows that the outer dynein arm is present in the cilia, f ) the overlay of red and green images
shows that the outer dynein arm is absent; the cell imaged by light microscopy and the nuclei stained with
DAPI in blue are also shown.
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Table 2. Known PCD genes and associated diagnostic phenotypes

Gene name(s) [ref.] TEM HSVA Immunofluorescence Comments

DNAH5, DNAI2, NME8, DNAL1,
CCDC151, CCDC114, TTC25,
SPAG1 [8, 39, 48–53]

ODA defect Static, occasional
weak residual
movement

Absent DNAH5
Absent DNAH9

Defects may be partial for missense
mutations

DNAI1, ARMC4 [54, 55] Distal ODA defect Static, occasional
weak residual
movement

Absent distal DNAH5
Absent DNAH9

DNAAF1 (LRRC50), DNAAF2
(KTU), DNAAF3, DNAAF4
(DYX1C1), DNAAF5
(HEATR2), C21orf59, LRRC6,
ZMYND10, PIH1D3, c11orf70
[21, 22, 56–63]

IDA and ODA defect Static cilia Absent DNAH5 and
DNALI1

CCDC39, CCDC40 [64] MTD and IDA defect Stiff ciliary beat
pattern

Absent GAS8 and
DNALI1

CCDC103 [65, 66] IDA and ODA defect Static cilia Absent DNAH5 and
DNALI1

His154Pro missense mutation common
in UK South Asians and can be
associated with normal nNO, normal
HSVA, TEM and immunofluorescence

DNAH11 [36, 42, 67–69] Normal ultrastructure Stiff at the base and
hyperfrequent

DNAH11 absent in some
variants

Loss of volume seen in distal cilia by
electron tomography

Associated with normal fertility in
males

RSPH4a [41, 70] Central complex defect Circling when viewed
from above

Absent RSPH4a, RSPH9,
RSPH1 and STK36

Not associated with situs abnormalities

RSPH9 [70] Central complex defect Circling when viewed
from above

Absent RSPH9, RSPH1
and STK36

Not associated with situs abnormalities

RSPH1 [71, 72] Central complex defect Some areas circling
when viewed from
above

Absent RSPH1 and
STK36

Has been associated with normal nNO
Not associated with situs abnormalities

STK36 [73] Central complex defect Stiff beat pattern with
reduced amplitude

Absent STK36

RSPH3 [74] Central complex defect Absent RSPH3 Not associated with situs abnormalities

Continued

https://doi.org/10.1183/2312508X.10016617
275

D
IA
G
N
O
SIS

O
F
P
C
D

|
A
.SH

O
EM

AR
K
A
N
D
J.S.LU

C
A
S



Table 2. Continued

Gene name(s) [ref.] TEM HSVA Immunofluorescence Comments

DNAJB13 [75] Central complex defect Absent DNAJB13
HYDIN [38] Normal ultrastructure

or subtle central
complex defect

Some areas circling
or semi-circling
when viewed from
above

N/A (no good antibodies
reported)

Electron tomography shows C2b
absence

DRC1, GAS8, CCDC65
[35, 76, 77]

Normal ultrastructure
or subtle MTD

Hyperfrequent with
disrupted beating

Absent GAS8

CCNO, MCIDAS [78, 79] Absent or few cilia,
mislocalised basal
bodies

Absent or few cilia Absent or few cilia
(MCIDAS absent
DNAH5)

Reduced generation of multiple motile
cilia: associated with more severe
phenotype

RPGR [80, 81] Conflicting reports
(ODA defect and
microtubular
disorganisation)

N/A N/A Syndromic form associated with
retinitis pigmentosa

X-linked

OFD1 [82] Case studies report
normal TEM

Disorganised Not reported Syndromic form
X-linked

TEM: transmission electron microscopy; HSVA: high-speed video-microscopy analysis; ODA: outer dynein arm; IDA: inner dynein arm; MTD:
microtubular disorganisation; nNO: nasal nitric oxide; N/A: not available.
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number and size of the genes mean benign variants and variants of unknown significance
are regularly identified [47]. For reliable results, where possible segregation of variants
within the family should be performed, and consistency between genotype and phenotype
by electron microscopy, HSVA or immunofluorescence established. The data on genotype
and diagnostic phenotype shown in table 2 is extracted from small numbers of patients
reported in gene discovery papers and large PCD cohort studies are required to provide
appropriate evidence for these associations.

The most common causes of PCD are variants in the dynein heavy chains DNAH5 and
DNAH11 [83], and the microtubular ruler proteins CCDC39 and CCDC40. The majority
of patients with PCD have private mutations, meaning individual variants which are not
seen in other patients. However, there are some frequent homozygous mutations seen,
usually in consanguineous populations, these include the missense mutation CCDC103
His154Pro which accounts for 20% of PCD in the UK South Asian population and is
associated with normal nitric oxide and electron microscopy [65].

Future perspectives

Due to the incomplete sensitivity and specificity of the currently available PCD diagnostic
tests, many patients can have a full set of investigations on multiple occasions and remain
with an inconclusive diagnosis. Therefore, improvements in diagnosis are required. It is
likely that improvements in technology and knowledge of the molecular biology of PCD
will provide vital information for confirming a diagnosis in the future. Next generation
sequencing and international collaborations through groups such as BEAT-PCD (www.
beatpcd.org) and BESTCILIA (http://bestcilia.eu) have resulted in the identification of a
steadily increasing number of new PCD genes. There are hundreds of ciliary-associated
proteins and it is likely gene discovery in this area will continue to grow. Commercial
development of ciliary antibodies is likely to provide more options for immunofluorescent
testing as knowledge of the molecular biology of PCD expands. Improvements in the
resolution of microscopy can assist with the existing pathology-based PCD diagnostic
modalities. These include three-dimensional electron microscopy and electron tomography
to identify ultrastructural defects in patients previously thought to have normal
ultrastructure, such as patients with HYDIN and DNAH11 defects [38, 69], and
super-resolution microscopy to recognise subtle defects by immunofluorescence [84].

New modalities to identify mucociliary clearance have also been trialled. The saccharine
test, in which a piece of saccharine was placed in the nose and the time for this to be
cleared and therefore tasted recorded, was a popular screening tool in the past, but is no
longer recommended due to its poor sensitivity. New modalities to measure whole lung
mucociliary clearance are being validated for investigation of difficult to diagnose PCD, for
example radiolabelled mucociliary clearance [85]. In vivo techniques for measuring
mucociliary clearance and ciliary motion, such as optical coherence tomography, are also
on the horizon although they have not yet been trialled in patients [86].

Conclusion

In summary, pursuing a diagnosis of PCD in patients with bronchiectasis and suggestive
clinical features is important, but can be complex. Specialist expertise and equipment is
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required for many of the diagnostic modalities. No one test has adequate sensitivity or
specificity to exclude the condition in an individual with suggestive clinical features and
consequently a multi-test approach is recommended. Diagnosis of PCD can be confirmed
by the identification of a hallmark defect of ciliary ultrastructure observed by electron
microscopy or bi-allelic pathogenic mutations in a known PCD gene.
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| Chapter 17

Management of primary ciliary
dyskinesia: current practice and
future perspectives
Claudia E. Kuehni ,1,2, Myrofora Goutaki 1,2, Bruna Rubbo 3,4 and
Jane S. Lucas 3,4

PCD is a genetically and clinically heterogeneous inherited disease, characterised by
abnormal motile ciliary function. Although early symptoms predominantly affect the airways
and most patients develop bronchiectasis, PCD is a multisystem disease and management
must be multidisciplinary. Particularly relevant are chronic upper and lower respiratory tract
symptoms, laterality disorders, cardiac manifestations and fertility. There is no strong
evidence for the effectiveness of different therapies for PCD. This chapter highlights central
aspects of PCD management, describes current practice and gives an overview on ongoing
efforts to improve the evidence base.
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Although most adults and many children have bronchiectasis, the medical problems of
PCD patients are not limited to the lungs. Ciliated cells exist throughout the body;

hence, PCD is a multisystem disease requiring multidisciplinary management. Particularly
relevant are upper and lower respiratory diseases, cardiac manifestations and fertility issues.
Laterality disorders are frequent and almost half of patients present with situs inversus.
Other organ systems can be affected, but this is rare. There is no strong evidence for the
effectiveness of different therapies for PCD; thus, current recommendations are based on
soft evidence such as expert experience, extrapolations from CF and other diseases, and a
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few, mostly paediatric observational, studies in PCD. Research is, however, expanding and
stronger evidence is accumulating.

This Monograph has two chapters on PCD. The first describes the diagnosis [1], while this
chapter focuses on management of PCD. In four sections, we describe the range of clinical
problems seen in PCD; principles of management following diagnosis; current monitoring
and treatment practices; and an overview of research related to the management of PCD.

What is primary ciliary dyskinesia?

PCD is an inherited disease, usually transmitted in an autosomal recessive pattern. It is
estimated to affect approximately one in 10000 people [2], but many people are
undiagnosed or diagnosed late in life, and the true prevalence is unknown. In populations
with a high proportion of consanguineous marriages, such as Dutch Volendam or British
Asians, the prevalence can be much higher, up to one in 400–2000 people, which is
comparable to CF [3, 4].

A European survey conducted in 2007–2009 found considerable regional variation in the
prevalence of patients diagnosed with PCD, suggesting that in most countries only a
fraction of patients are diagnosed [5]. This is particularly true for adults and for patients
with situs solitus [5]. An international survey of patients with PCD found that a third had
over 40 visits to medical professionals before being referred for diagnostic testing [6]. The
need for highly specialised diagnostic tests, with limited availability in some countries,
further delays diagnosis [7].

Longitudinal data on the disease course is scarce, and little is known about life expectancy.
Many adults progress to severe lung disease and almost 100% develop bronchiectasis,
although, it seems that only a few become oxygen dependent and eventually need lung
transplantation [8–10].

A multisystem disease

PCD is caused by mutations in genes that encode ciliary proteins or assemble them.
Mutations have been identified in over 35 genes, but more remain to be discovered as
disease-causative mutations cannot be identified in approximately 30–35% of patients [11].
The large number of genes, and the even greater number of disease causing mutations,
results in a disease that is highly heterogeneous in terms of ciliary morphology and
function, and therefore in a variable clinical phenotype.

Ciliated cells are situated in different organs of the human body, and their dysfunction
leads to a variety of clinical problems (figure 1). Ciliated epithelia line the upper and lower
airways, nasal and sinus cavities, and Eustachian tubes, where they are responsible for
mucociliary clearance, a key factor in the innate immunity of the respiratory tract. Chronic
upper and lower respiratory symptoms are predominant features in all patients. Nodal cilia
are relevant for left–right asymmetry and loss of their function leads to situs inversus in
approximately 50% of patients [12]. About 10% of patients have heterotaxy (situs
ambiguous) with a range of associated anomalies including dextrogastria, polysplenia,
asplenia and abnormally placed liver [13]. Approximately 5% of PCD patients have
congenital heart disease, ranging from simple malformations such as atrial septal defect to
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complex defects such as transposition of the great arteries with pulmonary stenosis [13–15].
Cilia are also present in the reproductive system. The ultrastructure of the sperm flagella is
similar to cilia, and cilia lining the fallopian tubes transport gametes and embryos [16].
Thus, infertility in men is frequent, and subfertility and ectopic pregnancies have been
reported in women, but data on their prevalence is scarce [17, 18]. Rarely, PCD is
associated with diseases of non-motile primary sensory cilia, such as retinitis pigmentosa,
inner ear deafness or polycystic kidney disease, as non-motile primary cilia act as
photoreceptors in the eyes, sterocilia in the inner ear and mechanoreceptors in renal
tubules. In some patients, defects of ependymal cilia can lead to hydrocephalus [19].

Clinical presentation throughout life

In neonates, airway symptoms often start within hours of birth [20], with many patients
having rhinitis and wet cough from the first day of life (table 1) [21]. A significant
proportion of neonates with PCD (60% in a large study) present with neonatal respiratory
distress syndrome (NRDS) despite being born full-term [21]. Onset of NRDS ranges from a
few hours to several days after birth and is often associated with (or misdiagnosed as?)

Sites of ciliated cells in the human body Corresponding clinical
problems in patients with PCD

Hydrocephalus

Situs inversus/ambiguous
Congenital heart disease

Retinitis pigmentosa

Polycystic renal disease

NRDS, wet cough, recurrent 
pulmonary infections

Male infertility

Female subfertility,
ectopic pregnancies

Chronic rhinosinusitis,
recurrent otitis media,
hearing impairment

Nodal cilia (embryonic)

Brain ependymal motile cilia

Retinal photoreceptor cilia

Respiratory motile cilia

Renal monocilia

Fallopian tube motile cilia

Sperm flagellum

Figure 1. Sites of ciliated cells in the human body (left side of the picture) and corresponding clinical
problems in patients with PCD (right side). Common problems are highlighted in bold. NRDS: neonatal
respiratory distress syndrome.
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neonatal pneumonia, often with lobar collapse [20]. Neonates with PCD often require
oxygen and are admitted to neonatal intensive care [21].

In childhood, PCD patients have chronic upper and lower respiratory symptoms with
persistent wet cough, recurrent infections, chronic rhinitis with discharge and recurrent
sinusitis, recurrent or chronic otitis media, otorrhoea and effusion (glue ear), with
subsequent hearing impairment [22, 23]. Hearing reportedly improves with conservative
management and age [24].

In adults, chronic upper and lower respiratory symptoms continue. Wet cough and
recurrent respiratory exacerbations remain and patients may develop clubbing. Almost all
adult patients develop bronchiectasis, commonly in the middle and lower lobes with a
central or diffused distribution [25, 26]. In a systematic review of publications on adults
and children, prevalence of bronchiectasis ranged from 9% to 100% [14]. Life expectancy is
probably shortened, based on anecdotal evidence, but quantitative data are lacking [10].

Principles of management

Diagnosis of primary ciliary dyskinesia

Deciding whether a patient has PCD is often complicated [1, 11, 27]. In the current state of
the art, no test or combination of tests can exclude PCD with 100% certainty. Some tests

Table 1. Characteristic symptoms in patients with PCD, by age and organ system

Clinical problems Neonates/infants Children Adults

Frequent problems
Lower airways Wet cough, lower

respiratory
symptoms, NRDS

Wet cough, sputum,
recurrent infections

Wet cough,
mucopurulent sputum,
recurrent infections,

bronchiectasis

Upper airways Rhinitis Rhinitis, loss of smell,
recurrent sinusitis,

recurrent otitis media,
otorrhoea, otitis media
with effusion, conductive

hearing loss

Chronic rhinosinusitis,
nasal polyps, loss of
smell, conductive

hearing loss

Reproductive
tract

N/A N/A Male infertility
Female subfertility

Laterality defects Situs inversus (∼50%)/situs ambiguous (10–15% of patients)

Cardiac system Congenital heart defects (5%)

Rare problems
CNS Hydrocephalus has been reported (rare)

Eyes Retinitis pigmentosa (rare)

Renal problems Polycystic renal disease (very rare)

NRDS: neonatal respiratory distress syndrome; CNS: central nervous system; N/A: not applicable.
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indicate that a diagnosis is extremely likely, but are not sufficiently specific to provide
diagnostic certainty [11, 27]. A recent European Respiratory Society task force therefore
recommended standardised terminology to reflect the diagnostic certainty (figure 2) [11].
Patients are described as “PCD positive” when they have hallmark structural abnormalities
identified by transmission electron microscopy (TEM) or pathogenic bi-allelic mutations in
PCD causing genes. The diagnosis is “highly likely” if nasal nitric oxide (nNO) is low and
hallmark abnormalities of ciliary beat pattern are repeatedly found by high-speed
video-microscopy analysis (HSVA). Patients with both normal or high nNO and normal
HSVA are considered as “highly unlikely” to have a diagnosis of PCD. Even in experienced
PCD diagnostic centres, perhaps 20% of patients will have “inconclusive” results, for
example low nNO with subtly abnormal HSVA, but apparently normal TEM and genotype
[11]. Analysis and interpretation of tests needs specialised expertise, thus diagnostics should
be centralised in reference centres, with specialised equipment and personnel.

Clinical approach following diagnostic testing

Patient management depends on the diagnostic outcome. Following a “positive diagnosis”
of PCD, immediate care includes explaining the outcome of the diagnostic tests, initiating
management for this lifelong condition, genetic and fertility counselling, and organising
further assessments to investigate abdominal and thoracic situs, comorbidities and
complications (e.g. echocardiogram, ear nose and throat (ENT) assessment) (figure 2).
Baseline investigations such as spirometry, audiometry, sputum culture and chest imaging
should also be arranged. Management of abnormal findings should be acted upon quickly;
for example, targeted aggressive antimicrobial therapy since untreated infection is likely to
predict progression of bronchiectasis, contributing to morbidity and mortality. Counselling,
education and assessments require a multidisciplinary team with expertise in PCD.
Additional information and support are available from patient organisations (e.g. http://
pcdsupport.org.uk or www.kartagener-syndrom.org).

If the diagnosis of PCD is considered “highly likely”, further diagnostic testing might be
required, but this should not delay immediate onset of treatment. The patient should be
counselled that they probably have PCD, but that the diagnosis is not definite [11]. Their
care should follow a pathway similar to that of patients with a positive diagnosis, whilst
extensively investigating alternative diagnoses, e.g. CF or immune deficiency. As advances
are made in PCD diagnostic testing, further investigations can be offered [11]. In cases
where the diagnosis remains “inconclusive”, further management and investigations should
be determined by a specialist with expertise in PCD.

Multidisciplinary care for children and adults with primary ciliary dyskinesia

Models of healthcare designed to cater for patients with common conditions are not suited
for patients with rare multisystem diseases such as PCD, who need a multidisciplinary
approach. As with many rare diseases, awareness of PCD amongst physicians is low. The
diagnosis is often missed or delayed, and management by nonspecialists usually suboptimal
[6, 28]. Once the diagnosis is reached, the appropriate model for delivery of care will
depend on several factors including national healthcare organisation, geographical
accessibility and patient preference. Adults and children with PCD should have access to
patient-centred multidisciplinary care from PCD experts. An example of a centralised,
highly specialised service has been delivered by the National Health Service (NHS) in
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Figure 2. Clinical approach following diagnostic testing in patients with possible PCD. ENT: ear, nose and throat. Reproduced and modified from [27] with permission.
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England through four national paediatric PCD centres since 2012, with complementary
adult services starting in 2018 [7]. The four centres provide an annual review carried out by
a multidisciplinary PCD team comprising ENT and respiratory clinicians, specialist nurses,
physiologists (lung function) and physiotherapists. Following the annual review, patients
have a personalised management plan, which can be followed by primary and secondary
care providers. Depending on clinical and geographical factors, the patient may have
additional appointments throughout the year at the PCD service or shared care with the
patient’s local specialist respiratory team. Appointments are scheduled to provide
assessments every 3 months. A telephone advice line is available to patients, their families
and professionals involved in the patient’s care. The assessments conducted at follow-up
appointments are summarised in table 2.

To prepare patients with chronic diseases for adulthood, a transition programme should
start during their early teenage years, providing the young person with the knowledge and
skills needed to manage their own healthcare by the time they transition to adult services
[30]. This is particularly important in rare diseases, where general physicians and
pulmonologists have limited knowledge. Empowering young people to become expert-patients
who can advocate for themselves might improve outcomes.

Table 2. Minimum clinical assessments for children with PCD based on European consensus
guidelines [29] and practice of the National Health Service (NHS) England PCD Service [7]

At diagnosis 3-monthly Annually As needed

General health
Height, weight X X X X
Vitamin D X
QOL-PCD X
Psychology assessment X
Nutrition review X

Lower airways
Respiratory assessment by a
pulmonologist

X X X X

Review of ACT X X X
Samples for microbiology cultures and
sensitivity

X X X X

Additional cultures (e.g. NTM, viruses,
fungi)

X X

Chest radiograph X X X
Spirometry X X X X
Full lung function testing X
HRCT (or consider MRI) X
Bronchoscopy X

Upper airways
ENT assessment by a physician X X
ENT assessment by an ENT specialist X X X
Audiology X X X

Other
Echocardiogram X X
Abdominal ultrasound X
Fertility X

QOL-PCD: quality of life instrument for PCD patients; ENT: ear, nose and throat.
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Specific recommendations for monitoring and treatment

There is no cure for PCD. Management aims to prevent the progression of lung disease
while maintaining the health, social and psychological wellbeing of patients. There is little
evidence to guide management, which is consequently extrapolated from studies in more
common conditions (e.g. CF and chronic rhinosinusitis) and from experts’ experience [29–31].
Several recent reviews have described upper and lower airway treatments for patients with
PCD (table 3) [30–35].

General health and growth

Height and weight might be compromised in PCD and should be regularly monitored
(table 2). A study from the international PCD (iPCD) cohort found lower height compared
with national reference values [36]. Height and BMI were higher in children diagnosed
early, and were closely associated with lung function. This suggests that nutritional advice
or support might be indicated for some patients [36, 37].

Vitamin D deficiency has been associated with chronic bacterial colonisation and disease
severity in bronchiectasis [38]. Since deficiency is common in PCD patients (Woolf Walker,
Primary Ciliary Dyskinesia Centre, University Hospital Southampton NHS Foundation Trust,
Southampton, UK; personal communication) we recommend monitoring and treatment [37].

Lower airways

Monitoring
Lung function of patients with PCD is reduced from early life [39]. In childhood, lung
function is comparable to patients with CF (FEV1 at age 6–9 years: PCD 91% predicted; CF
90% predicted) [39]. The sparse data available on lung function in adults suggest that it is
significantly reduced, and again comparable to patients with CF (FEV1 at age 30–33 years:
PCD 65% predicted; CF 62% predicted) [39].

Spirometry and plethysmography are widely available and quick to perform. However,
measurements are generally only possible in children over 5 years of age and we still lack
normal values for some populations, such as patients from South Asia, in whom the prevalence
of PCD can be high [3, 40–42]. Anecdotally, FEV1 can be highly variable in stable PCD patients
even on the same day, presumably due to variable obstruction caused by secretions with cough
clearance between the first and following attempts [30]. Furthermore, spirometry does not
detect early structural lung disease evident on HRCT [43], or peripheral airway disease.

Alternative lung function tests, such as multiple and single breath washout [44–51], are
better suited to assess early disease in the lung periphery. Experience of measuring lung
clearance index in PCD is increasing, but equipment is not readily available, and there is
lack of standardisation for measurements and reporting although a recent consensus
statement provides guidance on methodology [52, 53].

Chest radiographs are often used for periodic monitoring because they are readily available and
involve relatively little radiation. However, they are not sensitive to structural changes in patients
with PCD. Some centres therefore use HRCT scans for occasional monitoring, or where there
are particular clinical concerns. Typical changes seen on HRCT include bronchiectasis,
peribronchial thickening, mucus plugging, atelectasis, and consolidation/collapse [54, 55].
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Table 3. Considerations for treating and monitoring patients with PCD

Symptoms or signs
(by organ system)

Monitoring in clinical practice
(and research)

Management

General health
Poor nutrition Height Improve nutrition
Decline in quality

of life
BMI Exercise

Mortality Vitamin D Avoidance of pollutants (cigarettes and
environmental)

Mortality Routine immunisations
QOL-PCD

Lower airways
Wet cough Regular review by pulmonologist with

PCD expertise
Airway clearance therapy and regular

exercise
Pulmonary

exacerbations
Monitor exacerbation rate Antimicrobial treatment of infections

Decrease in lung
function

Sputum microbiology culture and
sensitivity (consider virus, fungi,
and NTM culture)

Consider antibiotic prophylaxis

Bronchiectasis Spirometry (consider
plethysmography and
breath-washout techniques)

Consider nebulised treatments, e.g.
hypertonic saline, rhDNase

Chest radiography (consider HRCT,
MRI)

Immunisation against airway diseases,
e.g. influenza, pneumococcus

QOL-PCD: Respiratory sub-scale With advanced disease consider
oxygen therapy, noninvasive
ventilation, lobectomy (in cases of
localised disease) and lung
transplantation

Upper airways
Rhinitis Regular review by ENT specialist

with expertise in PCD
Sinonasal irrigation with saline

Sinusitis Consider sinus CT scan Antibiotic treatment of infections
QOL-PCD: Upper airway sub-scale Consider topical nasal steroids

(particularly if concurrent allergy)
Consider endoscopic sinus surgery

Ears
Chronic otitis

media
Regular review by ENT specialist

with expertise in PCD
Antibiotic therapy for ear infections

Hearing loss Age-appropriate audiometry Consider hearing aids
Chronic otorrhoea Consider auditory evoked potentials Consider speech therapy and support in

school/work
QOL-PCD: Ear and hearing sub-scale Consider ventilation tubes (note the high

risk of otorrhoea in PCD)
Topical/systemic antibiotics for

otorrhoea
Myringoplasty

Other
Congenital heart

disease
Echocardiogram Cardiac treatments as indicated

Infertility/
subfertility

Regular review by a cardiologist Fertility review and counselling,
IVF, ICSI

Surgery (PCD-
related and
other)

Sperm motility Perioperative multidisciplinary
involvement including PCD team

Review cardiac involvement if not yet
carried out

QOL-PCD: quality of life instrument for PCD patients; rhDNase: recombinant human DNase; ENT:
ear, nose and throat; IVF: in vitro fertilisation; ICSI: intracytoplasmic sperm injection.
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There is typically relative sparing of the upper lobes. There are no specific HRCT scoring
systems for PCD, and systems designed and validated in patients with CF are therefore
commonly adopted (e.g. Brody or Bhalla) [56, 57]. In an attempt to avoid radiation,
functional and morphological MRI techniques are currently being explored for chronic
lung diseases (Sylvia Nyilas, Paediatric Respiratory Medicine, Children’s University
Hospital of Bern, University of Bern, Bern, Switzerland; personal communication) [58, 59].
These may provide a measure to monitor PCD patients longitudinally and become outcome
measures for short-term intervention trials. To date, no studies have reported the use of
hyperpolarised gas MRI, using Helium-3 or Xenon, for assessing lung disease in PCD.

Management
Airway clearance is a cornerstone of lower airway management in PCD. Physiotherapy is
recommended to move mucus from the lower airways, usually twice daily, with the aim of
minimising infections, atelectasis, bronchiectasis and progressive respiratory impairment.
ACTs include a combination of breathing manoeuvres, manual techniques, positioning,
PEP adjuncts and oscillatory-PEP [35]. It is unclear whether any technique is better than
the others, and current practice is to individualise clearance therapy, taking into
consideration the patient’s age, disease severity, preference and ability. A recent systematic
review identified a single study investigating ACTs in PCD patients [35, 60]. The
researchers reported no difference in outcomes between high frequency chest wall
oscillation (vest therapy) for 5 days at home compared with postural drainage percussion
and vibrations performed by a physiotherapist for 5 days in a hospital setting.

Children and young adults with PCD have poor aerobic fitness [61, 62]. Exercise improves
general wellbeing, and might assist bronchodilation and should therefore be encouraged
[63]. However, it should be used in combination with, not as an alternative to, airway
clearance therapies.

Nebulised treatments are often prescribed as an adjunct to physiotherapy if patients have
difficulty clearing their mucus. A randomised clinical trial explored the effect of hypertonic
saline [64]. It found no overall improvement of quality of life, but patients reported a
perceived benefit. The study was small and larger studies with sensitive outcome measures
are required [65]. Recombinant human DNase (rhDNase) lyses neutrophil DNA. Although
there is good evidence for its use in CF, data on PCD are limited to case reports [66].
Importantly, a large study of patients with non-CF bronchiectasis showed worse outcomes
for patients using rhDNase in comparison to those treated with placebo [67]. Therefore,
rhDNase is not generally recommended in PCD, although physicians might occasionally
consider it on a case-by-case basis.

Inhaled corticosteroids are not recommended in international treatment guidelines unless
patients have coexisting asthma or airway reactivity [29, 31].

Management and prevention of pulmonary infections is the second cornerstone of PCD
treatment, including surveillance, prophylaxis, segregation and treatment. Evidence is similarly
sparse, with most data coming from small populations in single centres, and guidelines are
therefore often extrapolated from experience with CF. Studies suggest that Haemophilus
influenzae infects 40–80% of PCD patients annually, while Pseudomonas aeruginosa,
Streptococcus pneumoniae, Moraxella catarrhalis, Staphylococcus aureus, Burkholderia spp. and
NTM are less prevalent, but significant causes of acute exacerbations and chronic infection [9,
68–72]. Similar to CF, bacteriology changes with age, with H. influenzae occurring early, and
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P. aeruginosa and NTM occurring later. The Infection Control Guideline for CF (2013)
recommends 3-monthly culture of sputum samples, with more frequent sampling if clinically
indicated; in the absence of PCD-specific evidence it seems reasonable to follow these
guidelines [73]. In the authors’ opinions, regular lower airways sampling, with aggressive
targeted treatment of new isolates is vital to reduce the speed of disease progression. We usually
use at least 2 weeks of treatment for simple pulmonary exacerbation, with prolonged treatment
and changes of treatment if microbiology remains positive, or if symptoms persist.

Prophylactic antibiotic therapy with azithromycin has been shown to be beneficial in CF
and bronchiectasis [74, 75], and its efficacy is currently being investigated in PCD [76].

Treatment following positive airway cultures is based on expert opinions [29–31]. Antibiotic
treatment of exacerbations is not disputed, but treatment for bacterial isolation without
clinical indicators is unclear. Until we have more evidence it seems reasonable to follow
guidelines for management of CF, with modifications to the dose of antibiotics, which is
generally higher in CF. PCD patients colonised or infected with P. aeruginosa have poorer
pulmonary function than other PCD patients suggesting that it is a major pathogen requiring
aggressive management [8]. Eradication strategies for P. aeruginosa are based on experience
from CF, with evidence from a single-centre study that chronic P. aeruginosa infection could
be cleared for at least 1 year in 69% of patients [69]. In the experience of the authors, it is
common for young children to require intermittent courses of oral antibiotics to treat
intermittent pulmonary exacerbations, while individuals with more severe lung disease and
increasing age increasingly need intravenous therapy, sometimes on a regular basis.

Cross-infection risks are probably similar in PCD and CF patients. Until proved otherwise, in
the authors’ opinion, it is prudent to segregate patients and implement strategies to prevent
the spread of pathogens.

Pneumococcal immunisation and annual influenza vaccination are recommended by
guidelines to prevent lower airway infections [29–31].

As the disease advances, patients may require oxygen therapy and noninvasive ventilation.
Evidence on lung surgery from a small, single centre retrospective study suggests that operated
patients had worse lung function, but this probably pre-dated surgery [77]. An ongoing study
in the iPCD cohort will provide more representative results. Lung transplantation can be
considered in patients with end-stage disease, and has been performed in some cases [9].

Upper airways and hearing

Chronic rhinosinusitis
Rhinosinusitis is common and leads to nasal obstruction, a decreased sense of smell, pain,
nasal polyposis and nasal discharge, with impacts on quality of life in children and adults
[14, 32, 78, 79]. Treatment aims to relieve the symptoms and is based on evidence from the
general population and CF. Strategies include sinonasal irrigation with saline, nasal steroids
and antibiotics [80–82]. Sinonasal irrigation, based on experts’ experience, is beneficial, well
tolerated and safe.

Topical steroids, which are efficacious for chronic rhinosinusitis and nasal polyps in the general
population, have no clear benefit in CF [80, 82, 83]. This might be because airway
inflammation in CF patients is dominated by neutrophils, as it is in patients with PCD [84, 85].
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Endoscopic sinus surgery (ESS) is used in patients with CF to ventilate and drain the
sinuses where medical therapy has failed to alleviate symptoms [86]. Although evidence is
sparse in PCD, a small observational study suggested that ESS might improve quality of life
and lung function. The sinuses might function as a bacterial reservoir; therefore, ESS or
sinus irrigation potentially prevents lower airway infection in PCD [68, 87].

Ear disease
Ear disease is common in PCD, manifesting as recurrent acute otitis media, otitis media with
effusion, chronic otitis media and impaired hearing [14]. Ear symptoms start early in life
and, unlike the general population, usually persist into school-age and often into adulthood.

Hearing should be assessed at diagnosis and the assessment repeated regularly. It is usually
measured with pure tone audiometry and an open field audiogram below age of 4–5 years.
Management aims to improve hearing and prevent sequelae such as delayed speech
development, tympanic membrane atelectasis and retraction pockets.

Treatment of acute otitis media includes antibiotics covering common upper airway
pathogens (Streptococcus pyogenes, S. aureus, S. pneumoniae, H. influenzae, and
M. catarrhalis) and analgesia. For patients with a purulent discharge, topical or oral
antimicrobial treatment should be based on culture and sensitivity results.

The use of ventilation tubes in PCD is controversial, because troublesome mucopurulent
discharge following insertion is reported in 30% of patients versus <5% in the general paediatric
population [23, 24, 29]. In Europe, hearing aids usually remain the preferred management
of hearing impairment, while awaiting clinical trials to define the best strategy [29].

Cardiac disease

Congenital heart disease occurs in 5–6% of patients with PCD [13–15]. Cardiac review
should therefore follow all new diagnoses of PCD, with further monitoring in those who
are affected. Anaesthetic-related morbidity from atelectasis and pulmonary infection should
be avoided during surgical procedures by careful preoperative assessment and planning,
including intensive physiotherapy and, if needed, antibiotics and aerosolised medications.

Reproductive tract and fertility

Infertility is common and all PCD patients require access to a specialised fertility clinic.
Fertility data are sparse. A retrospective, observational study from France reported that 14
(39%) out of 36 women with available data had spontaneously conceived at a median age of
36 years and delivered 31 children [18]. The miscarriage rate was 8% and no ectopic
pregnancies were reported. Among the 22 women considered infertile, six became pregnant
after assisted reproductive treatment. Of 49 men with available data, 12 (25%) had
spontaneously fathered a child. Of the 37 infertile men, 15 benefited from assisted
reproductive treatment, fathering 22 children [18]. It is sensible for men and women
considering parenthood to optimise their health through regular chest physiotherapy, exercise,
good nutrition and treatment of infections. Pregnant women may need additional support to
ensure that their respiratory status is not compromised, particularly in the third trimester.
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Furthermore, genetic counselling should be offered for parents and patients, especially in
those in consanguineous marriages or with X-linked disease.

Research in primary ciliary dyskinesia: the way forward

Research networks

In Europe, two task forces from the European Respiratory Society (ERS) have helped to
advance the field. The first task force provided evidence of the disparity in diagnosis and
treatment across Europe [5, 28] and published a consensus statement for management of
children with PCD [29]. The second taskforce (ERS TF 2014–16) developed an
evidence-based guideline for the diagnosis of PCD in children and adults [11, 27]. A
European Union seventh Framework Programme project, BESTCILIA (2012–2015; http://
bestcilia.eu) developed the European PCD registry [88] and the iPCD cohort, which now has
over 3600 patients [89]. BESTCILIA improved PCD diagnostics in Southern and Eastern
Europe [90], conducted a RCT on azithromycin [73], and developed PCD-specific quality of
life questionnaires [78, 79]. The BEAT-PCD COST Action (BM1407 (2015–2019); www.
beatpcd.org) is an EU-funded network of clinicians and scientists that coordinates research
from basic science to clinical care [91, 92]. It includes experts from diverse clinical specialties
(e.g. paediatric and adult pulmonology, ENT and physiotherapy) and scientists (e.g. genetics,
imaging, cell biology, microbiology and bioinformatics). BEAT-PCD identifies gaps in
knowledge, such as disease mechanisms, patterns and progression, outcome measures and
management. Future clinical collaborations across country boundaries will be supported by
the European Reference Networks (ERNs), which allow healthcare providers to share patient
data, information and knowledge for rare diseases. ERN-LUNG (http://ern-lung.eu) focuses
on rare respiratory diseases and includes a core group of PCD reference centres.

In the USA, the PCD Foundation (www.pcdfoundation.org) organises annual conferences,
community education, patient advocacy and research funding. The North American
Genetic Disorders of Mucociliary Clearance Consortium (www.rarediseasesnetwork.org/
cms/gdmcc) unites 10 centres specialising in rare airway diseases with disturbed
mucociliary clearance, including PCD. It set up a multicentre cohort study [13, 70, 93] and
a patient contact registry (www.rarediseasesnetwork.org/cms/gdmcc/Get-Involved/
Contact-Registry), and developed a North American consensus statement [31].

Challenges in primary ciliary dyskinesia research

As in other rare diseases, routine health statistics are not informative, because the
International Classification of Diseases (ICD-10 and previous versions) lacks a unique code
for PCD. Patients with PCD thus remain invisible in mortality and hospital statistics.
Healthcare providers are encouraged to use the Orpha codes (www.orpha.net) to classify
rare diseases (PCD has the Orpha code 244). Until the Orpha codes are included in routine
health statistics (ICD-11) key epidemiological data (i.e. incidence and mortality) must be
collected actively in registries and cohort studies.

Research on PCD is complicated by many factors. Diagnosis is difficult and needs a
combination of costly and complex tests, which are only available in highly specialised
centres. Despite testing, many patients have inconclusive results. The genetic heterogeneity
leads to a large phenotypic variability with vast differences in disease severity and long-

294 https://doi.org/10.1183/2312508X.10016717

ERS MONOGRAPH | BRONCHIECTASIS

http://bestcilia.eu
http://bestcilia.eu
http://bestcilia.eu
http://www.beatpcd.org
http://www.beatpcd.org
http://ern-lung.eu
http://ern-lung.eu
http://ern-lung.eu
http://www.pcdfoundation.org
http://www.rarediseasesnetwork.org/cms/gdmcc
http://www.rarediseasesnetwork.org/cms/gdmcc
http://www.rarediseasesnetwork.org/cms/gdmcc/Get-Involved/Contact-Registry
http://www.rarediseasesnetwork.org/cms/gdmcc/Get-Involved/Contact-Registry
http://www.rarediseasesnetwork.org/cms/gdmcc/Get-Involved/Contact-Registry
http://www.rarediseasesnetwork.org/cms/gdmcc/Get-Involved/Contact-Registry
http://www.orpha.net


term prognosis. Large international studies will be needed to fully understand genotype–
phenotype correlations. Clinical presentation differs with age; but few studies have reported
results for separate age groups. Most studies have been undertaken in children and data for
adults are scarce. There have only been a few RCTs focusing on PCD: a Dutch study on
hypertonic saline [64]; the BESTCILIA trial on azithromycin [76]; and a commercially
funded clinical trial (CLEAN-PCD; https://clinicaltrials.gov/ct2/show/NCT02871778). All
studies faced challenges in recruiting patients. Only 22 patients (26% of those eligible)
participated in the Dutch study, and only 90 instead of the planned 125 patients could be
recruited for BESTCILIA. Many patients found the study too time-consuming. Some lived
far away, while others thought they would spend too much time on medication and visits.
Some patients were reluctant to stop the treatment they were using before the trial. Others
did not feel ill enough, did not see gains in participating in research, or did not want blood
to be taken [76]. Recruitment was affected by narrow inclusion criteria, which excluded
patients with chronic P. aeruginosa infection, unstable patients and those receiving
maintenance antibiotics. Pseudomonas infection and fluctuating severity (i.e. instability)
proved to be more common than anticipated. The azithromycin trial protocol had to be
adapted to allow oral antibiotics during the run-in period. Better knowledge of the clinical
course of PCD will facilitate the planning of future RCTs. The studies showed that in many
countries PCD patients with mild disease were not used to the frequent follow-ups needed
for clinical trials. In contrast to CF patients, they were rarely organised in patient
organisations and were not aware of the benefits of participating in research.

Reliable and responsive outcome measures have been lacking for PCD. Spirometry declines
slowly in PCD, it cannot be measured in young children and it is insensitive [55]. HRCT is
sensitive to mild lung damage, but is not suitable for repeated measures because of the
radiation. Ongoing studies aim to assess alternative tests such as multiple-breath washout
[44–47] and MRI (Sylvia Nyilas, Paediatric Respiratory Medicine, Children’s University
Hospital of Bern, University of Bern, Bern, Switzerland; personal communication) [94].
PROVALF-PCD, a multicentre prospective study, investigates the variability of lung function
in PCD and will enable informed power calculations in future studies. A Delphi process has
resulted in a consensus definition of lower respiratory exacerbations in patients with PCD
[92]. Patient-reported outcome measures are advocated for clinical trials to assess the impact
the disease has on the patient’s daily functioning. While previous trials used general
respiratory quality of life instruments, we now have age-appropriate health-related quality of
life measures specific for PCD (QOL-PCD). Developed in English to be linguistically and
culturally equivalent in North America and Europe, these tools have been validated and
translated into many languages [78, 79]. This international approach is essential for rare
diseases, which depend on multinational clinical trials to recruit sufficient patients.

Research priorities

Identifying new therapies requires a coordinated approach from scientists, clinicians and
industry. In CF, while gene therapy has been disappointing, small molecule compounds that
target the underlying defects have been more promising.

Clinical trials are expensive and time-consuming. To speed up knowledge on phenotypes,
disease course and management, we should therefore make best use of the data assessed in
routine healthcare, such as clinical review appointments. Such data are highly heterogeneous
if collected retrospectively, as shown in a recent meta-analysis [14]. A standardised clinical

https://doi.org/10.1183/2312508X.10016717 295

MANAGEMENT OF PCD | C.E. KUEHNI ET AL.

https://clinicaltrials.gov/ct2/show/NCT02871778
https://clinicaltrials.gov/ct2/show/NCT02871778


proforma, which can be used to record symptoms, signs and decisions assessed during
clinical appointments, either as an electronic form or on paper, will allow the use of data
from healthcare visits for prospective studies [95].

We should strive to include the majority of patients in treatment optimisation studies [96].
In paediatric oncology inclusion of virtually all patients in studies has improved cure rates
[97]. Trials in paediatric oncology are international and investigator-led. They can evaluate
new drugs, but usually optimise existing therapies such as dosage and frequency, and
combinations of drugs already on the market. Patients profit from trial participation,
independent of the treatment arm, because they have access to state of the art treatment
and benefit from close monitoring. The knowledge gained from one trial helps to design
the next one, and the better arm of one study becomes the control arm of the next one
[98]. In PCD, such trials could evaluate simple questions, such as the use of nasal rinsing
compared with topical corticosteroids for treating sinus disease, the relative advantage of
different physiotherapy regimens, or physical exercise programmes.

In conclusion, PCD, as is the case in other rare diseases, has suffered from a lack of
research, and evidence for the effect of different treatments is still sparse. However, an
ongoing close collaboration between physicians, scientists and patient organisations has
resulted in major advances in the care of children and adults with PCD.

References

1. Shoemark A, Lucas JS. Diagnosis of primary ciliary dyskinesia: current recommendations and future perspectives.
In: Chalmers JD, Polverino E, Aliberti S, eds. Bronchiectasis (ERS Monograph). Sheffield, European Respiratory
Society, 2018; pp. 267–281.

2. Lucas JSA, Walker WT, Kuehni CE, et al. Primary ciliary dyskinesia. In: Courdier J-F, ed. Orphan Lung Diseases
(ERS Monograph). Sheffield, European Respiratory Society, 2011; pp. 201–217.

3. O’Callaghan C, Chetcuti P, Moya E. High prevalence of primary ciliary dyskinesia in a British Asian population.
Arch Dis Child 2010; 95: 51–52.

4. Onoufriadis A, Paff T, Antony D, et al. Splice-site mutations in the axonemal outer dynein arm docking complex
gene CCDC114 cause primary ciliary dyskinesia. Am J Hum Genet 2013; 92: 88–98.

5. Kuehni CE, Frischer T, Strippoli MP, et al. Factors influencing age at diagnosis of primary ciliary dyskinesia in
European children. Eur Respir J 2010; 36: 1248–1258.

6. Behan L, Dunn Galvin A, Rubbo B, et al. Diagnosing primary ciliary dyskinesia: an international patient
perspective. Eur Respir J 2016; 48: 1096–1107.

7. Lucas JS, Burgess A, Mitchison HM, et al. Diagnosis and management of primary ciliary dyskinesia. Arch Dis
Child 2014; 99: 850–856.

8. Frija-Masson J, Bassinet L, Honore I, et al. Clinical characteristics, functional respiratory decline and follow-up in
adult patients with primary ciliary dyskinesia. Thorax 2017; 72: 154–160.

9. Noone PG, Leigh MW, Sannuti A, et al. Primary ciliary dyskinesia: diagnostic and phenotypic features. Am J
Respir Crit Care Med 2004; 169: 459–467.

10. Shah A, Shoemark A, MacNeill SJ, et al. A longitudinal study characterising a large adult primary ciliary
dyskinesia population. Eur Respir J 2016; 48: 441–450.

11. Lucas JS, Barbato A, Collins SA, et al. European Respiratory Society guidelines for the diagnosis of primary ciliary
dyskinesia. Eur Respir J 2017; 49: 1601090.

12. Hirokawa N, Tanaka Y, Okada Y, et al. Nodal flow and the generation of left-right asymmetry. Cell 2006; 125: 33–45.
13. Shapiro AJ, Davis SD, Ferkol T, et al. Laterality defects other than situs inversus totalis in primary ciliary

dyskinesia: insights into situs ambiguus and heterotaxy. Chest 2014; 146: 1176–1186.
14. Goutaki M, Meier AB, Halbeisen FS, et al. Clinical manifestations in primary ciliary dyskinesia: systematic review

and meta-analysis. Eur Respir J 2016; 48: 1081–1095.
15. Kennedy MP, Omran H, Leigh MW, et al. Congenital heart disease and other heterotaxic defects in a large cohort

of patients with primary ciliary dyskinesia. Circulation 2007; 115: 2814–2821.

296 https://doi.org/10.1183/2312508X.10016717

ERS MONOGRAPH | BRONCHIECTASIS



16. Lyons RA, Saridogan E, Djahanbakhch O. The reproductive significance of human fallopian tube cilia. Hum
Reprod Update 2006; 12: 363–372.

17. Halbert SA, Patton D, Zarutskie P, et al. Function and structure of cilia in the fallopian tube of an infertile woman
with Kartagener’s syndrome. Hum Reprod 1997; 12: 55–58.

18. Vanaken GJ, Bassinet L, Boon M, et al. Infertility in an adult cohort with primary ciliary dyskinesia:
phenotype-gene association. Eur Respir J 2017; 50: 1700314.

19. Spassky N. Motile cilia and brain function: ependymal motile cilia development, organization, function and their
associated pathologies. In: Tucker K, Caspary T, eds. Cilia and Nervous System Development and Function.
Netherlands, Springer, 2013; pp 193–207.

20. Mullowney T, Manson D, Kim R, et al. Primary ciliary dyskinesia and neonatal respiratory distress. Pediatrics
2014; 134: 1160–1166.

21. Behan L, Dimitrov BD, Kuehni CE, et al. PICADAR: a diagnostic predictive tool for primary ciliary dyskinesia. Eur
Respir J 2016; 47: 1103–1112.

22. Majithia A, Fong J, Hariri M, et al. Hearing outcomes in children with primary ciliary dyskinesia—a longitudinal
study. Int J Pediatr Otorhinolaryngol 2005; 69: 1061–1064.

23. Pruliere-Escabasse V, Coste A, Chauvin P, et al. Otologic features in children with primary ciliary dyskinesia. Arch
Otolaryngol Head Neck Surg 2010; 136: 1121–1126.

24. Andersen TN, Alanin MC, von Buchwald C, et al. A longitudinal evaluation of hearing and ventilation tube
insertion in patients with primary ciliary dyskinesia. Int J Pediatr Otorhinolaryngol 2016; 89: 164–168.

25. Morillas HN, Zariwala M, Knowles MR. Genetic causes of bronchiectasis: primary ciliary dyskinesia. Respiration
2007; 74: 252–263.

26. Kennedy MP, Noone PG, Leigh MW, et al. High-resolution CT of patients with primary ciliary dyskinesia. AJR
Am J Roentgenol 2007; 188: 1232–1238.

27. Kuehni CE, Lucas JS. Diagnosis of primary ciliary dyskinesia: summary of the ERS Task Force report. Breathe
(Sheff ) 2017; 13: 166–178.

28. Strippoli MP, Frischer T, Barbato A, et al. Management of primary ciliary dyskinesia in European children:
recommendations and clinical practice. Eur Respir J 2012; 39: 1482–1491.

29. Barbato A, Frischer T, Kuehni CE, et al. Primary ciliary dyskinesia: a consensus statement on diagnostic and
treatment approaches in children. Eur Respir J 2009; 34: 1264–1276.

30. Lucas JS, Alanin MC, Collins S, et al. Clinical care of children with primary ciliary dyskinesia. Expert Rev Respir
Med 2017; 11: 779–790.

31. Shapiro AJ, Zariwala MA, Ferkol T, et al. Diagnosis, monitoring, and treatment of primary ciliary dyskinesia:
PCD foundation consensus recommendations based on state of the art review. Pediatr Pulmonol 2016; 51:
115–132.

32. Morgan LC, Birman CS. The impact of primary ciliary dyskinesia on the upper respiratory tract. Paediatr Respir
Rev 2016; 18: 33–38.

33. Polineni D, Davis SD, Dell SD. Treatment recommendations in primary ciliary dyskinesia. Paediatr Respir Rev
2016; 18: 39–45.

34. Rubbo B, Lucas JS. Clinical care for primary ciliary dyskinesia: current challenges and future directions. Eur Respir
Rev 2017; 26: 170023.

35. Schofield LM, Duff A, Brennan C. Airway clearance techniques for primary ciliary dyskinesia; is the cystic fibrosis
literature portable? Paediatr Respir Rev 2018; 25: 73–77.

36. Goutaki M, Halbeisen FS, Spycher BD, et al. Growth and nutritional status, and their association with lung
function: a study from the international primary ciliary dyskinesia cohort. Eur Respir J 2017; 50: 1701659.

37. Mirra V, Caffarelli C, Maglione M, et al. Hypovitaminosis D: a novel finding in primary ciliary dyskinesia. Ital J
Pediatr 2015; 41: 14.

38. Chalmers JD, McHugh BJ, Docherty C, et al. Vitamin-D deficiency is associated with chronic bacterial
colonisation and disease severity in bronchiectasis. Thorax 2013; 68: 39–47.

39. Halbeisen F, Goutaki M, Maurer E, et al. LATE-BREAKING ABSTRACT: Lung function in patients with primary
ciliary dyskinesia (PCD): A multinational study. Eur Respir J 2015; 46: Suppl. 59, OA3480.

40. Quanjer PH, Stanojevic S, Cole TJ, et al. Multi-ethnic reference values for spirometry for the 3–95-yr age range:
the global lung function 2012 equations. Eur Respir J 2012; 40: 1324–1343.

41. Kuehni CE, Strippoli MP, Spycher BD, et al. Lung function in the children of immigrant and UK-born
south-Asian mothers. Eur Respir J 2015; 45: 1163–1166.

42. Lum S, Bountziouka V, Quanjer P, et al. Challenges in collating spirometry reference data for south-Asian
children: an observational study. PLoS One 2016; 11: e0154336.

43. Maglione M, Bush A, Montella S, et al. Progression of lung disease in primary ciliary dyskinesia: is spirometry less
accurate than CT? Pediatr Pulmonol 2012; 47: 498–504.

44. Boon M, Vermeulen FL, Gysemans W, et al. Lung structure–function correlation in patients with primary ciliary
dyskinesia. Thorax 2015; 70: 339–345.

https://doi.org/10.1183/2312508X.10016717 297

MANAGEMENT OF PCD | C.E. KUEHNI ET AL.



45. Green K, Buchvald FF, Marthin JK, et al. Ventilation inhomogeneity in children with primary ciliary dyskinesia.
Thorax 2012; 67: 49–53.

46. Irving SJ, Ives A, Davies G, et al. Lung clearance index and high-resolution computed tomography scores in
primary ciliary dyskinesia. Am J Respir Crit Care Med 2013; 188: 545–549.

47. Nyilas S, Schlegtendal A, Yammine S, et al. Further evidence for an association between LCI and FEV1 in patients
with PCD. Thorax 2015; 70: 896.

48. Bush A, Irving S. Nitrogen washout measurements of lung clearance index (LCI). Thorax 2015; 70: 896–897.
49. Irving S, Carr S, Hogg C, et al. Lung clearance index (LCI) is stable in most primary ciliary dyskinesia (PCD)

patients managed in a specialist centre: a pilot study. Lung 2017; 195: 441–443.
50. Nyilas S, Schlegtendal A, Singer F, et al. Alternative inert gas washout outcomes in patients with primary ciliary

dyskinesia. Eur Respir J 2017; 49: 1600466.
51. Nyilas S, Singer F, Kumar N, et al. Physiological phenotyping of pediatric chronic obstructive airway diseases.

J Appl Physiol 2016; 121: 324–332.
52. Robinson PD, Latzin P, Ramsey KA, et al. Preschool multiple-breath washout testing. An official American

Thoracic Society technical statement. Am J Respir Crit Care Med 2018; 197: e1–e19.
53. Robinson PD, Latzin P, Verbanck S, et al. Consensus statement for inert gas washout measurement using multiple-

and single-breath tests. Eur Respir J 2013; 41: 507–522.
54. Jain K, Padley SP, Goldstraw EJ, et al. Primary ciliary dyskinesia in the paediatric population: range and severity of

radiological findings in a cohort of patients receiving tertiary care. Clin Radiol 2007; 62: 986–993.
55. Magnin ML, Cros P, Beydon N, et al. Longitudinal lung function and structural changes in children with primary

ciliary dyskinesia. Pediatr Pulmonol 2012; 47: 816–825.
56. Bhalla M, Turcios N, Aponte V, et al. Cystic fibrosis: scoring system with thin-section CT. Radiology 1991; 179:

783–788.
57. Brody AS, Klein JS, Molina PL, et al. High-resolution computed tomography in young patients with cystic fibrosis:

distribution of abnormalities and correlation with pulmonary function tests. J Pediatr 2004; 145: 32–38.
58. Montella S, Santamaria F, Salvatore M, et al. Lung disease assessment in primary ciliary dyskinesia: a comparison

between chest high-field magnetic resonance imaging and high-resolution computed tomography findings. Ital J
Pediatr 2009; 35: 24.

59. Nyilas S, Bauman G, Sommer G, et al. Novel magnetic resonance technique for functional imaging of cystic
fibrosis lung disease. Eur Respir J 2017; 50: 1701464.

60. Gokdemir Y, Karadag-Saygi E, Erdem E, et al. Comparison of conventional pulmonary rehabilitation and
high-frequency chest wall oscillation in primary ciliary dyskinesia. Pediatr Pulmonol 2014; 49: 611–616.

61. Madsen A, Green K, Buchvald F, et al. Aerobic fitness in children and young adults with primary ciliary
dyskinesia. PLoS One 2013; 8: e71409.

62. Valerio G, Giallauria F, Montella S, et al. Cardiopulmonary assessment in primary ciliary dyskinesia. Eur J Clin
Invest 2012; 42: 617–622.

63. Phillips GE, Thomas S, Heather S, et al. Airway response of children with primary ciliary dyskinesia to exercise
and beta2-agonist challenge. Eur Respir J 1998; 11: 1389–1391.

64. Paff T, Daniels JM, Weersink EJ, et al. A randomised controlled trial on the effect of inhaled hypertonic saline on
quality of life in primary ciliary dyskinesia. Eur Respir J 2017; 49: 1601770.

65. Behan L, Leigh MW, Dell SD, et al. Validation of a health-related quality of life instrument for primary ciliary
dyskinesia (QOL-PCD). Thorax 2017; 72: 832–839.

66. NHS England Specialised Services Clinical Reference Group for Paediatric Medicine. Clinical commissioning policy:
dornase alfa inhaled therapy for primary ciliary dyskinesia (all ages). www.england.nhs.uk/commissioning/wp-content/
uploads/sites/12/2016/07/16029_FINAL.pdf Date last accessed: 10 March, 2017. Date last updated: July 2016.

67. Jones AP, Wallis C. Dornase alfa for cystic fibrosis. Cochrane Database Syst Rev 2010; 3: CD001127.
68. Alanin MC. Bacteriology and treatment of infections in the upper and lower airways in patients with primary

ciliary dyskinesia: adressing the paranasal sinuses. Dan Med J 2017; 64: B5361.
69. Alanin MC, Nielsen KG, von Buchwald C, et al. A longitudinal study of lung bacterial pathogens in patients with

primary ciliary dyskinesia. Clin Microbiol Infect 2015; 21: 1093.e1–e7.
70. Davis SD, Ferkol TW, Rosenfeld M, et al. Clinical features of childhood primary ciliary dyskinesia by genotype and

ultrastructural phenotype. Am J Respir Crit Care Med 2015; 191: 316–324.
71. Maglione M, Bush A, Nielsen KG, et al. Multicenter analysis of body mass index, lung function, and sputum

microbiology in primary ciliary dyskinesia. Pediatr Pulmonol 2014; 49: 1243–1250.
72. Rogers GB, Carroll MP, Zain NM, et al. Complexity, temporal stability, and clinical correlates of airway bacterial

community composition in primary ciliary dyskinesia. J Clin Microbiol 2013; 51: 4029–4035.
73. Saiman L, Siegel JD, LiPuma JJ, et al. Infection prevention and control guideline for cystic fibrosis: 2013 update.

Infect Control Hosp Epidemiol 2014; 35: Suppl. 1, S1–S67.
74. Saiman L, Anstead M, Mayer-Hamblett N, et al. Effect of azithromycin on pulmonary function in patients with

cystic fibrosis uninfected with Pseudomonas aeruginosa: a randomized controlled trial. JAMA 2010; 303: 1707–1715.

298 https://doi.org/10.1183/2312508X.10016717

ERS MONOGRAPH | BRONCHIECTASIS

http://www.england.nhs.uk/commissioning/wp-content/uploads/sites/12/2016/07/16029_FINAL.pdf
http://www.england.nhs.uk/commissioning/wp-content/uploads/sites/12/2016/07/16029_FINAL.pdf
http://www.england.nhs.uk/commissioning/wp-content/uploads/sites/12/2016/07/16029_FINAL.pdf


75. Southern KW, Barker PM, Solis-Moya A, et al. Macrolide antibiotics for cystic fibrosis. Cochrane Database Syst Rev
2012; 11: CD002203.

76. Kobbernagel HE, Buchvald FF, Haarman EG, et al. Study protocol, rationale and recruitment in a European
multi-centre randomized controlled trial to determine the efficacy and safety of azithromycin maintenance therapy
for 6 months in primary ciliary dyskinesia. BMC Pulm Med 2016; 16: 104.

77. Yiallouros PK, Kouis P, Middleton N, et al. Clinical features of primary ciliary dyskinesia in Cyprus with emphasis
on lobectomized patients. Respir Med 2015; 109: 347–356.

78. Dell SD, Leigh MW, Lucas JS, et al. Primary ciliary dyskinesia: first health-related quality-of-life measures for
pediatric patients. Ann Am Thorac Soc 2016; 13: 1726–1735.

79. Lucas JS, Behan L, Dunn Galvin A, et al. A quality-of-life measure for adults with primary ciliary dyskinesia:
QOL-PCD. Eur Respir J 2015; 46: 375–383.

80. Fokkens WJ, Lund VJ, Mullol J, et al. EPOS 2012: European position paper on rhinosinusitis and nasal polyps
2012. A summary for otorhinolaryngologists. Rhinology 2012; 50: 1–12.

81. Gutierrez-Cardona N, Sands P, Roberts G, et al. The acceptability and tolerability of nasal douching in children
with allergic rhinitis: a systematic review. Int J Pediatr Otorhinolaryngol 2017; 98: 126–135.

82. Orlandi RR, Smith TL, Marple BF, et al. Update on evidence-based reviews with recommendations in adult
chronic rhinosinusitis. Int Forum Allergy Rhinol 2014; 4: Suppl. 1, S1–S15.

83. Beer H, Southern KW, Swift AC. Topical nasal steroids for treating nasal polyposis in people with cystic fibrosis.
Cochrane Database Syst Rev 2015; 6: Cd008253.

84. Bush A, Payne D, Pike S, et al. Mucus properties in children with primary ciliary dyskinesia: comparison with
cystic fibrosis. Chest 2006; 129: 118–123.

85. Ratjen F, Waters V, Klingel M, et al. Changes in airway inflammation during pulmonary exacerbations in patients
with cystic fibrosis and primary ciliary dyskinesia. Eur Respir J 2016; 47: 829–836.

86. Alanin MC, Aanaes K, Hoiby N, et al. Sinus surgery can improve quality of life, lung infections, and lung function
in patients with primary ciliary dyskinesia. Int Forum Allergy Rhinol 2017; 7: 240–247.

87. Alanin MC, Johansen HK, Aanaes K, et al. Simultaneous sinus and lung infections in patients with primary ciliary
dyskinesia. Acta Otolaryngol 2015; 135: 58–63.

88. Werner C, Lablans M, Ataian M, et al. An international registry for primary ciliary dyskinesia. Eur Respir J 2016;
47: 849–859.

89. Goutaki M, Maurer E, Halbeisen FS, et al. The international primary ciliary dyskinesia cohort (iPCD Cohort):
methods and first results. Eur Respir J 2017; 49: 1601181.

90. Kyriacou K, Yiallouros PK, Kouis P, et al. Better experimental screening and treatment for primary ciliary
dyskinesia: the FP7 BESTCILIA project. Ultrastruct Pathol 2017; 41: 110–112.

91. Rubbo B, Behan L, Dehlink E, et al. Proceedings of the COST action BM1407 inaugural conference BEAT-PCD:
translational research in primary ciliary dyskinesia - bench, bedside, and population perspectives. BMC Proc 2016;
10: 66.

92. Halbeisen FS, Hogg C, Alanin MC, et al. Proceedings of the 2nd BEAT-PCD conference and 3rd PCD training
school: part 1. BMC Proc 2018; 12: 1.

93. Leigh MW, Ferkol TW, Davis SD, et al. Clinical features and associated likelihood of primary ciliary dyskinesia in
children and adolescents. Ann Am Thorac Soc 2016; 13: 1305–1313.

94. Maglione M, Montella S, Mollica C, et al. Lung structure and function similarities between primary ciliary
dyskinesia and mild cystic fibrosis: a pilot study. Ital J Pediatr 2017; 43: 34.

95. Goutaki M, Halbeisen FS, Hogg C, et al. Towards standardized follow-up care for patients with primary ciliary
dyskinesia (PCD). Eur Respir J 2017; 50: Suppl. 61, PA1847.

96. Kuehni CE, Goutaki M, Kobbernagel HE. Hypertonic saline in patients with primary ciliary dyskinesia: on the
road to evidence-based treatment for a rare lung disease. Eur Respir J 2017; 49: 1602514.

97. Pritchard-Jones K, Pieters R, Reaman GH, et al. Sustaining innovation and improvement in the treatment of
childhood cancer: lessons from high-income countries. Lancet Oncol 2013; 14: e95–e103.

98. Pritchard-Jones K, Dixon-Woods M, Naafs-Wilstra M, et al. Improving recruitment to clinical trials for cancer in
childhood. Lancet Oncol 2008; 9: 392–399.

Author Contributions: C.E. Kuehni and J.S. Lucas conceived and drafted the manuscript. All authors critically
revised the manuscript, approved the final version and are accountable for the contents.

Disclosures: J.S. Lucas reports receiving the following, outside the submitted work: grants and personal fees
from Aerocrine/Circassia and grants from Vertex.

Acknowledgements: We would like to thank Rebeca Mozún (Institute of Social and Preventive Medicine,
University of Bern, Bern, Switzerland) for her contribution to figure 1 of the manuscript.

https://doi.org/10.1183/2312508X.10016717 299

MANAGEMENT OF PCD | C.E. KUEHNI ET AL.



| Chapter 18

Management of frequently
exacerbating patients
Andrea Gramegna, Marta Di Pasquale and Francesco Blasi

Pulmonary exacerbations are key events in the natural history of bronchiectasis, and
determinants of mortality and healthcare costs. Recent literature shows that “frequent
exacerbator” is a valid clinical phenotype, with more frequent hospitalisations, impaired
quality of life and increased 5-year mortality. As a consequence, exacerbation rate and
time to first exacerbation are fundamental end-points in clinical research and targets
for therapy. Society recommendations have, to some degree, addressed the clinical
management of frequently exacerbating patients. After improvement of any treatable
underlying causes and optimisation of airway clearance, long-term inhaled antibiotics are
suggested for patients with chronic Pseudomonas aeruginosa respiratory infection.
Depending on whether lack of efficacy or intolerance occurs, second-line treatment is
represented by an add-on or switch to long-term macrolide therapy. On the contrary,
macrolides represent first-line treatment in frequent exacerbators without chronic
P. aeruginosa infection. However, most of these approaches lack strong evidence from
RCTs in a large target population and multiple factors in patients with recurrent
exacerbations should be considered in clinical management.

Cite as: Gramegna A, Di Pasquale M, Blasi F. Management of frequently exacerbating patients. In:
Chalmers JD, Polverino E, Aliberti S, eds. Bronchiectasis (ERS Monograph). Sheffield, European
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Bronchiectasis is a chronic respiratory disease with heterogeneity as a key point in
clinical management [1, 2]. Thus, the clinical spectrum of bronchiectasis might vary

from mild pulmonary involvement in almost asymptomatic patients to severe radiological
and functional impairment with recurrent pulmonary exacerbations.

Despite pulmonary exacerbations having a main role in the management of patients with
bronchiectasis, a common definition is still debated. In the previous literature, a major
definition came from the 2010 British Thoracic Society (BTS) guidelines, defining
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exacerbations as a deterioration in respiratory symptoms and/or systemic upset with the
need for antibiotic treatment [3]. In 2017, an international group of investigators with an
interest in bronchiectasis developed a consensus definition of pulmonary exacerbation in
adults through Delphi methodology. The definition was intended to be useful in clinical
research and was approved as: the deterioration or comparison of at least three out of six
symptoms related to coughing, sputum quantity and quality, dyspnoea and fatigue for at
least 48 h and requiring a change in treatment (figure 1) [4].

Pulmonary exacerbations are major events in bronchiectasis. Exacerbations are the main
determinants of healthcare costs in bronchiectasis, and result in increased airway and
systemic inflammation, thus accelerating progressive lung damage and FEV1 decline [5–8].
Patients with a higher number of exacerbations have worse quality of life (QoL) and
increased mortality [9]. Moreover, the number of exacerbations in the previous year is a
main contributor to the multidimensional clinical BSI score, which has been validated from
a large international dataset as a predictor of outcome in patients with bronchiectasis [7].

As a consequence, exacerbation rate and time to first exacerbation are fundamental end-points
in clinical research and targets for most therapeutic interventions. The problem of identifying
patients with more exacerbations has been considered critical in order to target specific
preventive treatment and/or adequately power randomised clinical trials in bronchiectasis.

The importance of frequent exacerbators in bronchiectasis

Considering the significant heterogeneity of clinical presentation and progression, a shared
goal for physicians interested in chronic respiratory disease is to identify a group of patients
more susceptible to pulmonary exacerbation. Following a recent definition, in order to be
defined as a clinical phenotype, patients’ characteristics have to be consistent over time and
associated to clinically relevant outcomes [10]. In 2010, HURST et al. [11] explored the
hypothesis of a “frequent exacerbator” phenotype in COPD that was independent from
functional severity. Using a large international dataset, HURST et al. [11] investigated the
exacerbation rate among COPD patients and found one patient group that appeared to be
more susceptible to pulmonary exacerbations with no relation to lung function (as a

Definition of a bronchiectasis pulmonary exacerbation for clinical trials

A person with bronchiectasis with a deterioration in three or more of 
the following key symptoms for at least 48 h:

1) Cough
2) Sputum volume and/or consistency
3) Sputum purulence
4) Breathlessness and/or exercise tolerance
5) Fatigue and/or malaise
6) Haemoptysis

AND a clinician determines that a change in bronchiectasis treatment 
is required#

Figure 1. Consensus definition of a pulmonary exacerbation in bronchiectasis for research. #: other
potential causes of clinical deterioration have been discounted. Reproduced and modified from [4] with
permission.
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marker of disease severity). This “frequent exacerbator” status showed stability over a 3-year
period. Thus, it is not surprising that physicians with an interest in bronchiectasis have
been addressing this same issue.

In the first application of cluster analysis methodology in a large population of adult
patients with bronchiectasis, ALIBERTI et al. [9] identified different patient groups mainly
according to sputum microbiology. The frequency of pulmonary exacerbations was
significantly different among groups and higher in patients with chronic Pseudomonas
aeruginosa infection than in others. In a recent publication, CHALMERS et al. [12]
demonstrated in a large European cohort of adult patients with bronchiectasis that
“frequent exacerbator” was a valid phenotype and a prior history of pulmonary
exacerbations was the strongest predictor of higher exacerbation rate over a 3-year
follow-up. In relation to outcomes, these patients had more frequent hospitalisations,
impaired QoL and increased 5-year mortality. Consistently, this phenotype was identified
across all European centres participating in the study [12]. The data confirmed the
fundamental role of pulmonary exacerbations in bronchiectasis and emphasised the need
for further strategies to reduce exacerbations in this population.

How guidelines targeted frequently exacerbating patients with
bronchiectasis

Reducing pulmonary exacerbations is one of the main goals of clinical management of
adult patients with bronchiectasis.

Data from the European Multicentre Bronchiectasis Audit and Research Collaboration
(EMBARC) registry indicate that almost half of the patients affected by bronchiectasis have
two or more exacerbations per year and about 33% of patients need at least one
hospitalisation per year [13]. Despite this evidence, use of therapies targeting exacerbation
reduction seems to be lower than expected. The national BTS bronchiectasis audit reported
the use of inhaled antibiotics and long-term macrolides in 10% and 20.7% of the population,
respectively, in the context of 38% of the population with three or more exacerbations a year;
these rates were even lower (1.1% and 7.8%, respectively, in the context of 18% of frequent
exacerbators) in a similar audit performed in Italy [14, 15]. One of the reasons for this
discrepancy might be the weak evidence for most of these interventions.

Over the past years different respiratory societies have published recommendations on
bronchiectasis care in adults, including management of frequent exacerbators [3, 16–20].
Prior to the publication of the European Respiratory Society (ERS) guidelines in 2017 [16],
only a few national guidelines were available, the majority of which were older than 5 years.
Guidelines vary widely from one another on the basis of setting and content. Mainly, they
address aetiological screening and, to a lesser extent, clinical issues and therapeutic approach.
In 2016, the Portuguese Society of Pulmonology (SPP) published recommendations only on
aetiology and diagnostic tools [17]. In 2008 and 2018, the Spanish Society of Pneumology
and Thoracic Surgery (SEPAR) [18, 20], and in 2010, the BTS [3], published more complete
national guidelines with some aspects on management, as did the Thoracic Society of
Australia and New Zealand (TSANZ) in 2015 [19]. On the contrary, the recent ERS
guidelines focused mainly on treatment, including prevention and management of frequent
exacerbations [16], a controversial field with a lack of strong evidence and the need for future
research. So far, most of these approaches are not supported by strong evidence from
randomised trials in a large target population. Furthermore, it needs to be emphasised that a
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standard definition of “frequent exacerbator” is currently lacking; in the ERS guidelines, for
instance, frequent exacerbators are defined as patients with bronchiectasis who have three or
more exacerbations per year [16]. Different guideline definitions of “frequent exacerbator”
and therapeutic strategies to target this population are summarised in table 1.

Management of frequently exacerbating patients

Treatment of underlying causes

The treatment of some underlying conditions might have a favourable impact on
bronchiectasis management and patients’ prognosis and QoL. Thus, the ERS guidelines
suggest treating underlying causes as a first step before specific treatment for frequent
exacerbations [16].

Table 1. Comparison among national and international guidelines of definitions and therapeutic
strategies for frequent exacerbators in bronchiectasis

Society, year
[ref.]

Definition of “frequent
exacerbator”

Management Prevention

SEPAR, 2008 [18] Recurrent exacerbation
(not specified)

Long-term oral or
nebulised antibiotics;
long-term macrolides

Flu vaccination;
pneumococcal
vaccination

BTS, 2010 [3] ⩾3 exacerbations
per year

Airway clearance;
mucoactive adjuncts;

long-term oral
antibiotics; long-term
nebulised antibiotics

Not covered

TSANZ, 2015 [19] ⩾3 exacerbations per
year and/or >2

hospitalisations in the
previous 12 months

Long-term nebulised
antibiotics; long-term

macrolides

Elimination of smoking;
avoidance of

environmental airborne
pollutants; flu
vaccination;

pneumococcal
vaccination

SPP, 2016 [17] Not covered Not covered Not covered
ERS, 2017 [16] ⩾3 exacerbations

per year
Optimise airway
clearance+treat

underlying causes
+long-term inhaled

antibiotics, or
long-term macrolides,
or combined oral and
inhaled antibiotics, or
long-term targeted
oral antibiotics

Not covered

SEPAR, 2018 [20] ⩾2 exacerbations per
year

Long-term oral or
nebulised antibiotics;
long-term macrolides

Flu vaccination;
pneumococcal
vaccination

SEPAR: Spanish Society of Pneumology and Thoracic Surgery; BTS: British Thoracic Society;
TSANZ: Thoracic Society of Australia and New Zealand; SPP: Portuguese Society of Pulmonology;
ERS: European Respiratory Society.
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No standard definition of “treatable aetiology” is currently available, but according to the
current authors’ opinions there are a few scenarios in which clinical management of
bronchiectasis might be significantly altered: bronchiectasis may be the pulmonary
manifestation of a systemic disease that might benefit from different care in a special setting
(e.g. in CF or PCD), or the bronchiectasis inflammatory “vicious cycle” and development
can be stopped or lessened thanks to targeted treatments (e.g. in ABPA, gastro-oesophageal
reflux disease, α1-antitrypsin deficiency or immunodeficiency disorders).

Preventive measures

National guidelines, including those of the BTS, SEPAR, and TSANZ, recommended the
administration of seasonal flu and antipneumococcal vaccinations [3, 18–20]. In addition,
the SEPAR document pointed out the importance of patient education in terms of
adherence to chronic treatment, the ability of early management of exacerbations, and the
competence to handle medications such as inhalatory devices or noninvasive ventilation
and the capacity to take charge of device sanitisation [18, 20]. TSANZ also gave
recommendations on smoking cessation, including second-hand smoke exposure, and
avoidance of environmental airborne pollutants as strategies for exacerbation prevention in
bronchiectasis [19]. Guidelines also recommend self-management plans as a structured
bundle of interventions in order to improve health behaviour and self-management skills
for individuals with bronchiectasis [3, 18, 19]. For its part, the ERS guidelines did not
address preventive topics, referring instead to national guidelines and policies [16].

Optimise respiratory physiotherapy

Airway clearance techniques
The goals of ACTs are to improve mucus clearance, thus reducing lung inflammatory burden
and risk of pulmonary exacerbations. ACTs mainly consist of active cycles of breathing and
autogenic drainage. Instruments are often associated with ACTs, including PEP devices or
noninvasive ventilation in more severe patients, in order to increase respiratory flow or
produce chest wall oscillations with incremented sputum volume. ACTs showed
improvements in expectoration and health-related QoL in stable-state bronchiectasis, while
the role of these techniques during pulmonary exacerbation needs to be studied [21–27]. In
2014, LEE et al. [28] demonstrated short-term improvement in exercise capacity and
reduction of pulmonary exacerbations over 12 months with a combination of exercise
training and ACT in bronchiectasis patients. Both the BTS and ERS recommendations state
that an ACT should be taught by a trained respiratory physiotherapist and tailored to the
patient’s physical ability, symptoms and needs. The usual prescription is once or twice daily,
especially in patients with chronic productive cough.

Pulmonary rehabilitation
Pulmonary rehabilitation has been demonstrated to improve exercise capacity and
possibly delay time to first exacerbation in patients with bronchiectasis [28, 29]. The ERS
guidelines conducted a pooled analysis including 14 clinical trials on pulmonary
rehabilitation, which showed a significant improvement in exercise tolerance and a
positive trend to better QoL [16].

In relation to prevention of pulmonary exacerbations, only one RCT by LEE et al. [28]
demonstrated that pulmonary rehabilitation (8 weeks of supervised exercise) reduced the
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frequency of exacerbations compared with the control group over 12 months follow-up
(median (interquartile range (IQR)) 1 (1–3) versus 2 (1–3) exacerbations; p=0.012), with a
longer time to first exacerbation compared with the control group (8 versus 6 months;
p=0.047). Therefore, the ERS guidelines confirmed a pulmonary rehabilitation programme
and regular aerobic exercise as a tool to reduce exacerbations [16].

Long-term mucoactive treatments
Mucoactive treatments mainly refer to mucolytics and hyperosmolar agents. These drugs
act as expectorants, improving mucus rheology and augmenting the expectorated volume of
sputum. Both the BTS and ERS guidelines recommended long-term mucoactive treatment
(>3 months) in patients with bronchiectasis who experience difficult expectoration,
respiratory symptoms and poor QoL [3, 16].

However, these indications are presumptive as there is no strong evidence that these
patients really benefit from mucoactive treatment. Three systematic reviews on mucoactive
molecules in bronchiectasis failed due to differences in study methodology [30–32]. None
of the mucoactive agents were able to significantly reduce exacerbation rates in adult with
bronchiectasis. The result from two RCTs conducted by BILTON and co-workers [33, 34]
demonstrated an increased time to first exacerbation in patients with two or more
exacerbations in the previous year and treated with inhaled mannitol, but no overall
reduction of the exacerbation rate was reported. Regarding inhaled 7% hypertonic saline,
KELLET et al. [35] showed an improvement in lung function and sputum viscosity as well as
decreased antibiotic usage per year in the treated group, but still no significant reduction of
the rate of exacerbations. Similarly, NICOLSON et al. [36] reported no difference in
exacerbations and respiratory function between hypertonic saline and placebo over a
12-month treatment period. Lastly, in a quite dated study from 1998 by O’DONNELL et al.
[37], the number of exacerbations was higher in the group treated with recombinant
human DNase I compared with placebo.

Long-term antibiotic treatment

Long-term inhaled antibiotic treatment
Long-term use of either inhaled or oral antibiotics is associated with a reduction in the
exacerbation rate and longer time to first exacerbation. Chronic systemic treatment is
associated with more adverse events and an increased rate of multidrug-resistant pathogens
[16]. Long-term inhaled antibiotic treatment is suggested for patients with frequent
exacerbations with or without P. aeruginosa respiratory infection in most of the guidelines
[3, 16, 17, 19]. As published trials with inhaled antibiotics only focus on P. aeruginosa, the
ERS (and to a lesser extent BTS) advocates inhaled antibiotic treatment only for
P. aeruginosa-infected patients. However, the ERS guidelines also advocate inhaled
antibiotics in patients with frequent exacerbations who are not macrolide responsive or
tolerant [3, 16].

In 2014, BRODT et al. [38] performed a systematic review to evaluate the efficacy and safety of
inhaled antibiotics in patients with bronchiectasis. The authors reported 12 studies, of which
five were unpublished, and included eight in the meta-analysis. Although the overall results
were in favour of antibiotic therapy on reduction of sputum bacterial load and bacterial
eradication, the effect on the exacerbation rate was less evident. Only five trials reported
beneficial effects on the exacerbation rate and/or time to first exacerbation [39–44].
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One trial showed an increase in time to first exacerbation in patients taking >80% of
prescribed doses of inhaled colistin 1 MU twice daily (168 days in the colistin group versus
103 days in the placebo group; p=0.038) [43]. A similar treatment effect in terms of longer
time to next exacerbation was described in two other trials: a 12-month trial with nebulised
gentamicin (120 versus 61.5 days; p=0.02) and a 24-week trial with nebulised liposomal
ciprofloxacin (134 versus 58 days; p=0.046) [41, 42]. One trial in 60 patients did not find
any statistical significant difference between the ciprofloxacin dry powder and placebo
groups [42].

Unfortunately, trials have not been able to provide robust evidence on inhaled antibiotics in
bronchiectasis. Patients enrolled in RCTs may not be representative of the target population,
and limitations in study design and length of treatment may contribute to trial failure.

Long-term macrolide treatment
Long-term macrolide regimen are recommended for frequent exacerbators without chronic
infection by P. aeruginosa or for P. aeruginosa-infected patients with lack of response or
intolerance to inhaled antibiotics [16].

Three RCTs, i.e. EMBRACE (Effectiveness of macrolides in patients with bronchiectasis
using azithromycin to control exacerbations), BAT (Bronchiectasis and long-term
azithromycin treatment) and BLESS (Bronchiectasis and low-dose erythromycin study),
showed that long-term macrolide treatment effectively reduced the exacerbation rate
[44–46]. Both the EMBRACE and BAT trials used azithromycin at different dosages:
500 mg three times a week and 250 mg daily, respectively. Inclusion criteria were: at least
one pulmonary exacerbation in the previous year for the EMBRACE trial (141 patients), at
least three lower respiratory tract infections with at least one bacterial pathogen on sputum
in the previous year for the BAT trial (83 patients) and at least two pulmonary
exacerbations with daily sputum production in the previous year for the BLESS trial (117
patients). The EMBRACE trial showed a reduction in the exacerbation rate in the
azithromycin group (rate ratio 0.38; p<0.0001); similarly in the BAT trial, the median
(IQR) number of exacerbations was 0 (0–1) in the macrolide group and 2 (1–3) in the
control group (p<0.001) [44, 45]. Only the BLESS trial employed erythromycin, with a
reduction of the exacerbation frequency in the treated group (1.29 versus 1.97 per patient
per year; p<0.003) [46].

Before and during treatment with long-term macrolides, sputum analysis for bacteria and
NTM should be performed in order to monitor resistance patterns and identify
treatment-emergent organisms. Long-term oral therapies with macrolides are known to
cause a 28% increase in the proportion of macrolide-resistant commensal oropharyngeal
streptococci following 12 months of erythromycin and a macrolide resistance rate of 88%
following 12 months of azithromycin [45, 46]. On the contrary, no increased rates of
antimicrobial resistance were described in patients undergoing long-term inhaled treatment
[36, 37, 39]. Finally, the incidence of clinical adverse effects such as corrected QT interval
prolongation and hearing loss with macrolides, or hearing loss or renal failure with inhaled
aminoglycosides, should be taken into account and routinely monitored in treated
populations.

Long-term oral antibiotic treatment (other than macrolides)
The efficacy and safety of long-term oral penicillin and tetracycline have been investigated
over the past decades. Most of the trials were limited by poor methodology and small
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samples. Results showed some benefits in term of days off from work, and sputum volume
and purulence, but no effect was described on the exacerbation frequency [47, 48].
Long-term oral antibiotic treatment (other than macrolides) is now a second-line option
suggested in the case of adults with bronchiectasis not infected with P. aeruginosa in whom
macrolides are contraindicated, not tolerated or ineffective. This choice should be based on
antibiotic susceptibility and patient tolerance.

A recent meta-analysis showed no evidence whether orally administered antibiotics are
more beneficial compared with inhaled antibiotics [49]. Further research is needed to
compare inhaled versus oral antibiotic therapies for patients with bronchiectasis and a
history of frequent exacerbations.

In summary (figure 2), after treatment of modifiable underlying causes and optimisation of
airway clearance, long-term inhaled antibiotics, such as colistin or gentamicin, are
suggested for patients with frequent pulmonary exacerbations and the presence of chronic
P. aeruginosa respiratory infection. If lack of efficacy or intolerance occurs, second-line
treatment is represented by an add-on or switch to long-term macrolide therapy. On the
contrary, macrolides represent first-line treatment in frequent exacerbators without chronic
Pseudomonas infection. For patients who are not tolerant or respondent to long-term
macrolides, inhaled antibiotics could be considered.

Surgical intervention

Surgical treatment might be considered in selected patients with localised disease in the
case of high exacerbation frequency and failure of other therapies. The goal of surgery in
bronchiectasis is to remove the damaged lung segment in order to stop the inflammatory
“vicious cycle” and prevent the spread of the disease. Surgery is also the choice in case of

Frequent exacerbations
(≥3 per year)

Treat underlying disease

Optimise physiotherapy

Add mucoactive adjuncts

Pulmonary rehabilitation

Absence of Pseudomonas 

infection
Chronic Pseudomonas 

infection

Long-term oral macrolidesLong-term inhaled antibiotics

Long-term oral antibioticsLong-term oral macrolides

Combined oral and inhaled
antibiotic treatment

Figure 2. Summary of recommendations for the clinical management of frequent exacerbations in
bronchiectasis.
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massive haemoptysis refractory to bronchial arterial embolisation. Lobectomy is the most
frequent procedure and video-assisted thoracoscopic surgery is often preferred to better
preserve lung function or reduce scarring [50].

Evidence of the efficacy and safety of surgical treatment in the management of localised
bronchiectasis comes from observational studies [51, 52]; no randomised trials have been
identified. In 2015, FAN et al. [53] conducted a meta-analysis of 38 observational studies to
assess the effects of operative intervention in this population. Studies mainly came from
developing countries, and included adult patients with a median age <65 years and
post-infective aetiology. The pooled mortality and morbidity after surgery were 1.5% (95%
CI 0.9–2.5%) and 16.7% (95% CI 14.8–18.6%), respectively. Unfortunately, data on
morbidity were not compared with prolonged medical nonsurgical management.

As a consequence, most of the guidelines do not recommend surgical treatment in the
management of bronchiectasis, with the exception of localised disease and frequent
exacerbations despite optimal medical treatment [3, 16].

Implications in future research

Patients with bronchiectasis and a high exacerbation rate have not yet been thoroughly
investigated, and a strong translational approach to understand why some patients
exacerbate more frequently than others is now needed.

Following the model of COPD studies, susceptibility to exacerbations is probably
multifactorial. Within the “frequent exacerbator” phenotype, several subgroups of patients
might be differentiated according to microbiological, inflammatory, genetic or
comorbidity determinants. A better understanding of this heterogeneity might contribute
to the elucidation of exacerbation pathophysiology and provide potential targets for
treatment [54].

Although most exacerbations appear to be triggered by bacterial agents, a careful evaluation
of the role of viruses and their interaction with chronic bacterial infection should be better
defined as well as noninfective triggers, such as pollutants and air temperature [55, 56].

Although airway inflammation in bronchiectasis is often due to chronic respiratory
infection, pre-existing abnormal inflammation is a cornerstone in bronchiectasis. In a
recent study by CHALMERS et al. [57], neutrophil elastase activity was independently
associated with the risk of future exacerbations, shorter time to next exacerbation and
mortality. Therefore, an increased inflammatory pattern might be a peculiar feature in
patients with frequent exacerbations.

Genetic susceptibility to pulmonary exacerbations in bronchiectasis is almost unknown.
This question has not yet been targeted appropriately, even if specific gene polymorphisms
(e.g. FUT2 (fucosyltransferase 2)) appear to be linked to the exacerbation rate [58]. In
addition, mannose-binding lectin (a component of innate immunity) deficiency might be
an important modifier of disease severity in bronchiectasis, including the exacerbation rate
[59]. In addition, a relationship between CFTR carrier status and severity of diffuse
bronchiectasis has been demonstrated in several studies [60, 61]. Further research is
therefore needed in the genetic field.
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Multiple comorbidities might also have a role in exacerbation frequency. An international
multicentre cohort study by MCDONNELL et al. [62] suggested that bronchiectasis exacerbations
and other relevant clinical outcomes are associated with individual comorbidities. Therefore,
patients with frequent exacerbations should be carefully investigated for more frequent
comorbidities in bronchiectasis. In addition, the overlap between bronchiectasis and
obstructive pulmonary diseases, both asthma and COPD, has been postulated as a
pathological phenotype with an impact on a patient’s clinical outcome, including the
pulmonary exacerbation rate [63, 64].

Conclusion

Pulmonary exacerbations are key events in the natural history of bronchiectasis and
“frequent exacerbator” appears as a valid clinical phenotype in bronchiectasis. National and
international recommendations have, to some degree, addressed the clinical management of
frequently exacerbating patients. Further research is needed to better characterise this
population.
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| Chapter 19

Antibiotic management and
resistance
Eva Polverino1,2 and Javier Perez-Miranda1

Antibiotics are considered a pillar of treatment of bronchiectasis due to the high frequency
of respiratory infections in this condition. Acute infections are usually considered
bronchiectasis exacerbations requiring antibiotic treatment and pneumonia cases. Up to 60%
of bronchiectasis patients suffer some kind of chronic bronchial infection, with Haemophilus
influenzae and Pseudomonas aeruginosa the most commonly identified pathogens. Optimal
management of infections is therefore crucial in bronchiectasis, and the risk of antimicrobial
resistance has to be considered due to the potential implications for bronchiectasis patients
and the general population. This chapter will review the current evidence on the use of
short- and long-term antibiotic therapy and on the relevance of antimicrobial resistance risk
in adult patients with bronchiectasis.
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Acute and chronic infections are strong determinants of quality of life and prognosis
in bronchiectasis. Therefore, antibiotic therapy is crucial but can also lead to increased
antimicrobial resistance. http://ow.ly/Yva330ksJkB

Bronchiectasis is a chronic respiratory disease that is mostly characterised by recurrent
or chronic airway infections with local and systemic inflammatory responses. For this

reason, antibiotics are considered a pillar of treatment of bronchiectasis.

Respiratory infections are not only a frequent cause of bronchiectasis but also a potential cause
of disease progression and a clear marker of severity [1, 2]. Consequently, reducing the frequency
and severity of infectious exacerbations and optimal management of chronic infections are
among of the main objectives of the therapeutic interventions described in bronchiectasis [2–5].

Role of antibiotics in acute exacerbations of bronchiectasis

Antibiotics are considered central in treating exacerbations of bronchiectasis. In general, it
is assumed that almost all bronchiectasis exacerbations are infectious due to the usual
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symptoms, such as increased sputum volume and purulence and/or fever, and the evidence
of bacterial infections in most cases [6–10]. Moreover, pneumonia is a frequent cause of
exacerbation in bronchiectasis, with Streptococcus pneumoniae being the most frequent
pathogenic micro-organism isolated, although others such as Pseudomonas aeruginosa and
Haemophilus influenzae have also been described in bronchiectasis patients with chronic
bronchial infection [11]. Respiratory viruses, which do not require antibiotic therapy, are
also a frequent cause of exacerbations in adult and paediatric bronchiectasis populations [6,
12, 13]. However, in some patients, a viral infection may increase airway inflammation and
the bacterial load of a pre-existing chronic bronchial infection, or even facilitate the start of
a new bacterial infection, thus leading to the need for antibiotic treatment to control
symptoms and achieve full recovery. This has been shown in COPD with a rhinovirus that
was able to induce a typical COPD exacerbation and additional bacterial infection [14, 15].
Other potential noninfectious causes of exacerbations have not been investigated
sufficiently so far in bronchiectasis, but they have been described in, for example, in COPD
where environmental stressors (i.e. pollution) and comorbidities could also play a relevant
role [16, 17]. Overall, bronchiectasis exacerbations are considered broadly infectious events,
and current European guidelines suggest treating them with antibiotic regimens of 14 days
unless specific conditions suggest shorter or longer treatments [2, 10]. Unfortunately, the
quality of evidence supporting this recommendation is low due to the absence of direct data
comparing longer and shorter courses of antibiotics [18, 19]. Therefore, European guidelines
simply suggest continuing the usual practice of antibiotic treatment for 14 days on the basis
of the patient’s prior microbiology testing and the severity of the exacerbation [2].

The guidelines of the Spanish Respiratory Medicine Society (SEPAR) propose a therapeutic
approach to bronchiectasis exacerbations that is based on the severity of the exacerbation
(mild: 10–21 days of treatment; severe: 14–21 days of treatment) and on the
micro-organism identified in the airways [20, 21]. In particular, treatment with penicillin is
recommended for H. influenzae, cloxacillin or linezolid for Staphylococcus aureus
(according to strain sensitivity), and ciprofloxacin for P. aeruginosa (or double intravenous
antibiotic therapy in the case of severe exacerbations) (table 1). In the case of empirical
treatment, SEPAR guidelines recommend treating micro-organisms that have been isolated
previously and then correcting the antibiotic treatment according to sputum sample
analysis [20, 21]. Very similar recommendations are provided by the British Thoracic
Society (BTS) for these pathogens, but low-dose amoxicillin or clarithromycin is also
recommended in the absence of previous bacteriology (table 1) [22]. The importance
of microbiological investigation (sputum culture) of bronchiectasis exacerbations is
highlighted in all guidelines.

A number of other factors should be considered in order to choose the most appropriate
antibiotic therapy in bronchiectasis exacerbations. Comorbidities, such as renal failure,
arrhythmia, IBD and gastric disease, should always be considered due to potential
pharmacological interactions and side-effects. However, it is worth noting that macrolides also
have immunomodulatory/anti-inflammatory and pro-kinetic effects that could favourably
influence conditions such as associated sinusitis and asthma or gastro-oesophageal reflux in
selected cases.

Individual factors, such as patient allergies or intolerance to specific antibiotics, can often
represent a limiting factor for antibiotic prescription in bronchiectasis patients. The severity
of exacerbations and an elevated risk of multidrug-resistant (MDR) infection should also be
taken into account when choosing the most appropriate therapy. In more severe infections,
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Table 1. Recommendations for antibiotic treatment of bronchiectasis exacerbations according to microbiology, as recommended by the Spanish
Respiratory Medicine Society (SEPAR) and the British Thoracic Society (BTS)

Pathogen First-line treatment Second-line treatment

Haemophilus influenzae
(β-lactamase negative)

SEPAR: not defined SEPAR: amoxicillin 1–2 g three times daily; ciprofloxacin
750 mg twice daily; azithromycin 500 mg once daily;
cefditoren 200–400 mg three times daily

BTS: amoxicillin 500 mg three times daily; amoxicillin
1 g three times daily; amoxicillin 3 g twice daily

BTS: clarithromycin 500 mg twice daily or ciprofloxacin
500 mg twice daily or ceftriaxone 2 g once daily (i.v.)

H. influenzae
(β-lactamase positive)

SEPAR: co-amoxiclav 875 mg three times daily SEPAR: amoxicillin 1–2 g three times daily; ciprofloxacin
750 mg twice daily; azithromycin 500 mg once daily;
cefditoren 200–400 mg three times daily

BTS: co-amoxiclav 625 mg three times daily BTS: clarithromycin 500 mg twice daily or ciprofloxacin
500 mg twice daily or ceftriaxone 2 g once daily (i.v.)

Pseudomonas aeruginosa SEPAR: ciprofloxacin 750 mg twice daily SEPAR: levofloxacin 750 mg once daily or 500 mg twice
daily

BTS: oral ciprofloxacin 500 mg twice daily (750 mg
twice daily in more severe infections)

BTS: monotherapy: i.v. ceftazidime 2 g three times daily or
tazocin 4.5 g three times daily or aztreonam 2 g three
times daily or meropenem 2 g three times daily for
14 days; combination therapy: monotherapy can be
combined with gentamicin or tobramycin or colistin 2 MU
three times daily (<60 kg, 50000–75000 units·kg−1 daily
in three divided doses)

Methicillin-sensitive
Staphylococcus aureus

SEPAR: cloxacillin 1–2 g four times daily SEPAR: co-amoxiclav 1–2 g three times daily i.v.;
vancomycin 15–20 mg·kg−1 three times daily i.v.

BTS: flucloxacillin 500 mg four times daily BTS: clarithromycin 500 mg twice daily
MRSA SEPAR: linezolid 600 mg every 12 h i.v. SEPAR: vancomycin 15–20 mg·kg−1 three times daily i.v.;

ceftarolin 600 mg twice daily i.v.
BTS: <50 kg: rifampicin 450 mg once daily +

trimethoprim 200 mg twice daily; >50 kg: rifampicin
600 mg + trimethoprim 200 mg twice daily;
vancomycin 1 g twice daily# or teicoplanin 400 mg
once daily

BTS: <50 kg: rifampicin 450 mg once daily + doxycycline
200 mg once daily; >50 kg: rifampicin 600 mg +
doxycycline 200 mg once daily

Third-line: linezolid 600 mg twice daily

Streptococcus pneumoniae BTS: amoxicillin 500 mg three times daily BTS: clarithromycin 500 mg twice daily

MU: million units. #: monitor serum levels and adjust dose accordingly. Information from [20, 22].
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such as exacerbations requiring intensive care monitoring and in the case of MDR infections,
a double antibiotic treatment could be indicated, particularly for potentially MDR pathogens,
such as P. aeruginosa, MRSA and β-lactamase-producing Enterobacteriaceae (i.e. Klebsiella
pneumoniae, Escherichia coli). Particular attention should be given to P. aeruginosa infections
where a double antibiotic coverage is usually recommended in pneumonia [23–25], although
there is less evidence in exacerbations of bronchiectasis for selected cases of increased severity
or MDR strains [22]. However, there is no clear evidence that combination therapy is more
efficacious in treating exacerbations than monotherapy, and different practices are described
across European countries.

Role of antibiotics in chronic infections

Chronic bacterial infections are very common in bronchiectasis (up to 60% in most
studies), although there is no general consensus on the definition of chronic infection. In
most cases, the definition is based on microbiological results and, similarly to CF, refers to
the presence of two or more consecutive cultures (or >50% of cultures) positive for the
same potentially pathogenic micro-organism within a period of at least 6 months in
samples taken at least 1 month apart [26, 27].

Despite uncertainty regarding the definition, chronic bronchial infections are considered one
of the most concerning issues in the management of bronchiectasis. It is clear that chronic
infection by P. aeruginosa is associated with decreased quality of life (QoL) and clinical
outcomes, and exacerbations are usually more frequent than in nonchronically infected
patients [1, 28–30]. For this reason, the management of chronic infections often includes
long-term antibiotic therapy aimed at reducing the frequency of exacerbations and daily
symptoms (e.g. cough, sputum) and at improving QoL. However, current European
guidelines note the importance of considering antibiotic therapy as a second-line intervention
after other therapies, such as those directed at treating the underlying cause of bronchiectasis
(i.e. antibody deficiency or ABPA), respiratory physiotherapy, and bronchodilators and/or
inhaled corticosteroids in selected cases (i.e. comorbid asthma or COPD).

Accordingly, only in patients with three or more exacerbations per year, despite optimal
therapy, is long-term antibiotic therapy considered [2]. However, the threshold of three
exacerbations in the previous year may be reduced in patients with a history of severe
exacerbations or relevant comorbidities such as primary/secondary immunodeficiency, in
patients in whom exacerbations are having a significant impact on their QoL and in those
with more severe bronchiectasis [1, 2]. The main therapeutic options for long-term
management of chronic infection are inhaled antibiotics and oral antibiotics, such as
macrolides and less frequently other antibiotic classes.

Macrolides

This antibiotic class includes different bacteriostatic or bactericidal time-dependent
molecules such as clarithromycin, erythromycin and azithromycin that are usually active
against Gram-positive cocci, atypical bacteria such as Chlamydophila or Mycoplasma spp.,
Legionella spp., and some Gram-negative bacilli (e.g. Moraxella and Bordetella spp.).
Unfortunately, in some countries the resistance rate to macrolides is particularly high among
community-acquired infections (⩾25%) of S. pneumoniae (e.g. Spain, Italy and Greece) [31].

https://doi.org/10.1183/2312508X.10016917 315

ANTIBIOTICS | E. POLVERINO AND J. PEREZ-MIRANDA



The low-dose, long-term use of macrolides was initially described to treat diffuse
panbronchiolitis, a rare but potentially lethal chronic inflammatory disease of airways
mostly described in Japan in the 1980s, where survival was doubled by long-term use of
low-dose erythromycin (600 mg·day−1) [32].

Since then, numerous other anti-inflammatory and immunomodulatory properties have
been described in different airways diseases, including reduced sputum production and
increased elasticity, reduced recruitment and degranulation of neutrophils and eosinophils
in the airways, reductions in the biofilm matrix and quorum-sensing activation, and
reduced bronchial hyperresponsiveness [33–39].

Different trials were performed in CF patients and clear improvements in lung function,
daily symptoms, number of exacerbations, BMI and nutritional status were demonstrated
[40–42]. The benefit of macrolide treatment in CF was particularly clear in terms of
symptoms and exacerbations, independent of lung function [43]. However, the major
improvement in lung function was observed in CF patients with chronic P. aeruginosa
infection [42]. The long-term use of macrolides has also been tested in asthma and COPD,
showing a general trend towards improved symptoms and fewer exacerbations [44, 45].

The use of macrolides in bronchiectasis has also been tested, with largely positive results
overall. Since the late 1990s, various studies have demonstrated a significant reduction in
sputum production, daily symptoms, number of exacerbations and lung function [46–51].

In the last decade, three different RCTs investigating the long-term use of macrolides in
adults with bronchiectasis have been published showing clear benefits in terms of
exacerbations [52–54]. Despite some differences related to the drug (erythromycin or
azithromycin), dose and study duration (6 or 12 months), there was a clear benefit in terms
of a reduction in exacerbations in all trials. A significant lung function improvement (FEV1,
FVC) was described in the BLESS (Bronchiectasis and low-dose erythromycin study)
and BAT (Bronchiectasis and long-term azithromycin treatment) trials, and a similar
nonsignificant trend was also described in the EMBRACE (Effectiveness of macrolides in
patients with bronchiectasis using azithromycin to control exacerbations) trial [52–54]. QoL,
assessed using the St George’s Respiratory Questionnaire (SGRQ), showed a significant
improvement only in the BAT trial, but a positive trend was also described in the
EMBRACE and BLESS trials [52–54]. However, greater side-effects were described in the
BAT trial in the azithromycin arm where diarrhoea was more frequent than in the placebo
group (relative risk 8.36, 95% CI 1.10–63.15), and the EMBRACE trial reported more
gastrointestinal symptoms (nausea, vomiting, diarrhoea, epigastric discomfort and
constipation) in the azithromycin group than in the placebo group (27% versus 13%;
p=0.005) [52, 53].

The main characteristics of the three trials are shown in table 2, but it is worth noting that
none of them restricted recruitment to patients with a specific respiratory bacteriology,
such as P. aeruginosa in the sputum; in fact, in the three trials only 10–29% of included
patients were chronically infected with P. aeruginosa [52–54]. For this reason, current
European guidelines recommend long-term macrolide use in patients with three or more
exacerbations despite optimal treatment with any infection other than P. aeruginosa as the
first option, although they can also be used for the treatment of P. aeruginosa where there
is intolerance or inappropriateness of inhaled antibiotics, or in addition to inhaled
antibiotic in more severe cases [2].
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Table 2. Main characteristics of the BLESS, EMBRACE and BAT trials

Trial Inclusion criteria Drug Duration End-points

BLESS [54] At least two separate pulmonary exacerbations
requiring supplemental systemic antibiotic
therapy in the preceding 12 months, and
daily sputum production

Erythromycin
(400 mg every
12 h)

12 months Exacerbation rate·year−1#,¶,+

Total days of antibiotics
LCQ
SGRQ
24 h sputum weight¶

FEV1 % pred¶

CRP level
6MWT
Sputum bacteriology
Oropharyngeal streptococci macrolide resistance¶

Sputum inflammatory cell counts
AEs

EMBRACE [52] At least one pulmonary exacerbation requiring
antibiotic treatment in the past year

Azythromycin
500 mg
3 days·week−1

6 months Frequency of exacerbations¶

Lung function
SGRQ
AEs

BAT [53] A minimum of three LRTIs treated with oral or
i.v. antibiotics in the preceding year plus at
least one sputum culture yielding one or
more bacterial respiratory pathogens in the
previous year

Azythromycin
250 mg daily

12 months Number of infectious exacerbations¶,+

Lung function¶

Serum CRP level and WBC count
Sputum bacteriology
Macrolide resistance¶

LRT symptoms
HRQoL (SGRQ, LRTI-VAS)¶

AEs

BLESS: Bronchiectasis and low-dose erythromycin study; EMBRACE: Effectiveness of macrolides in patients with bronchiectasis using azithromycin to
control exacerbations; BAT: Bronchiectasis and long-term azithromycin treatment; LCQ: Leicester Cough Questionnaire; SGRQ: St George’s Respiratory
Questionnaire; CRP: C-reactive protein; 6MWT: 6-min walk test; AE: adverse event; LRTI: lower respiratory tract infection; WBC: white blood cell; LRT:
lower respiratory tract; HRQoL: health-related quality of life; LRTI-VAS: lower respiratory tract infection visual analogue scale. #: the definition of a
pulmonary exacerbation is an event requiring antibiotic administration for a sustained (>24 h) increase in sputum volume or purulence accompanied by
new deteriorations in at least two additional symptoms: sputum volume, sputum purulence, cough, dyspnoea, chest pain or haemoptysis. ¶: significant
change. +: an infectious exacerbation was defined as an increase in respiratory symptoms requiring antibiotic treatment.
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Inhaled antibiotics

The use of inhaled antibiotics was initially proposed about 30 years ago in order to increase the
concentration of the drugs at the site of infection (airways) and to reduce systemic side-effects.
Considerable advances have since been made in terms of drug formulation and release.

Inhaled antibiotics were tested initially in the 1980s in both CF and bronchiectasis patients
to manage bronchial chronic infections, particularly P. aeruginosa infections. Initially, i.v.
formulations were used, but in the last decade, different formulations have been developed
for inhalation, including different solutions for nebulisation or dry powder use.

The major body of evidence comes from CF where a number of antibiotics such as
tobramycin, colistin and aztreonam have been shown to significantly improve QoL and to
reduce the number of exacerbations and lung function decline [55–60].

Inhaled antibiotics have also been used in intubated patients for both prevention and
treatment of hospital-acquired pneumonia, and to eradicate endotracheal tube biofilms or
to reduce bacterial resistance, although the evidence level is modest due to the lack of RCTs
and the complexity of critical patients [61–65].

Similarly to CF, inhaled antibiotics have also been tested in bronchiectasis to reduce
symptoms, exacerbations, the use of systemic antibiotics, functional decline and healthcare
spending. In particular, trials investigating the use of inhaled tobramycin showed a good
microbiological response and reduction in the usual symptoms but no change in lung
function [66–69]. Moreover, side-effects (cough, bronchospasm) and increased resistance
rate (minimum inhibitory concentration (MIC)) were also described in some cases [66–69].

In the last two decades, colistin use has become more widespread, particularly in Europe, due to
its broad antibiotic spectrum and reduced resistance rate, and to the diffusion of commercial
formulations with new-generation vibrating mesh nebulisers [70]. Similar to tobramycin,
colistin has also been shown to induce a good microbiological response and fewer exacerbations,
particularly in cases where there is good patient compliance to treatment [71–75].

Based on these data, current European guidelines suggest long-term treatment with an
inhaled antibiotic for adults with bronchiectasis and chronic P. aeruginosa infection in
patients with bronchiectasis who have three or more exacerbations per year [2].

A dry powder ciprofloxacin formulation (32.5 mg twice a day) has been tested in a phase II
and two phase III trials (RESPIRE 1 and 2: Ciprofloxacin dry powder for inhalation in
non-CF bronchiectasis) showing a clear microbiological response and a trend towards
reduced numbers of exacerbations in the long term [76–78]. A different liposomal
formulation of ciprofloxacin has shown similar results in two recent trials, ORBIT-3 and -4
(Ciprofloxacin dispersion for inhalation in non-CF bronchiectasis) [79, 80].

Both the RESPIRE 1 and 2 and ORBIT-3 and -4 trials showed excellent tolerance data and
minimal increase in antibiotic resistance (table 3), but no significant impact on lung
function was described [76, 77, 80].

Despite a less powerful study design (single-blind study), the long-term RCT published by
MURRAY et al. [81] in 2011 showed very positive results with a continuous regimen of twice-daily
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Table 3. Results from long-term (>3 months) RCTs using inhaled antibiotics in bronchiectasis

First author
[ref.]

Subjects
n

Inclusion criteria Sputum bacteriology Drug Duration End-points

HAWORTH [71] 144 Two or more positive
respiratory tract
cultures for
Pseudomonas
aeruginosa in the
preceding 12 months
+ within 21 days of
completing a course
of antipseudomonal
antibiotics for an
exacerbation +
P. aeruginosa positive
at screening

P. aeruginosa Colistin (I-neb)
1 million IU every
12 h

6 months,
continuous
regimen

Primary: time to
exacerbation#

Secondary: time to
exacerbation based on
adherence severity of
exacerbation; CFUs of
P. aeruginosa in
sputum; 24 h sputum
weight; SGRQ score

SERISIER [79]
(ORBIT-2)

42 Any bronchiectasis
aetiology + chronic
P. aeruginosa airway
infection + two or
more pulmonary
exacerbations requiring
antibiotic therapy in the
preceding 12 months

P. aeruginosa Liposomal
ciprofloxacin
(Pulmaquin,
ARD-3150) 150 +
60 mg every 24 h¶

6 months, on/off
regimen (three
active cycles)

Primary: CFUs of
P. aeruginosa in sputum

Secondary: time to first
exacerbation+; lung
function; 6MWT; SGRQ
score; AEs

HAWORTH [80]
(ORBIT-3
and -4)

582 Any bronchiectasis
aetiology chronic
infection with
P. aeruginosa and two
or more pulmonary
exacerbations treated
with antibiotics in the
preceding year

P. aeruginosa Liposomal
ciprofloxacin
(Pulmaquin,
ARD-3150) 150 +
60 mg every 24 h¶

1 year, on/off
regimen (six
active cycles)

Primary: time to first
exacerbation

Secondary: frequency of
protocol-defined
exacerbations§; CFUs of
P. aeruginosa in sputum;
P. aeruginosamean
inhibitory concentrations;
lung function; AEs

Continued
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Table 3. Continued

First author
[ref.]

Subjects
n

Inclusion criteria Sputum bacteriology Drug Duration End-points

MURRAY [81] 57 Any bronchiectasis
aetiology chronic
infection (PPM in at
least three sputum
samples in the
preceding 12 months)
+ two or more
exacerbations in the
past year + ability to
tolerate nebulised
gentamicin

Any PPM Gentamicin 80 mg
every 12 h

1 year,
continuous
regimen

Primary: sputum
bacterial density
(−1 log unit)

Secondary: sputum
bacteriology
(eradication);
emergence of
antibiotic-resistant
P. aeruginosa; sputum
MPO and NE; 24 h
sputum volume;
sputum purulence;
lung function;
10 m incremental walk
test; LCQ and SGRQ
scores; frequency of
exacerbationƒ; time to
exacerbationƒ; AEs

DE SOYZA [76] and
AKSAMIT [77]
(RESPIRE 1
and 2)

937 Idiopathic or
post-infectious
bronchiectasis + two
or more exacerbations
in the previous
12 months + positive
sputum culture at
screening

P. aeruginosa,
Haemophilus
influenzae,
Moraxella
catarrhalis,
Staphylococcus
aureus,
Streptococcus
pneumoniae,
Stenotrophomonas
maltophilia,
Burkholderia
cepacia

Ciprofloxacin DPI
32.5 mg every 12 h

1 year, 14 days
on/off (12
active cycles)
or 28 days on/
off (six active
cycles)

Primary: time to first
exacerbation##;
frequency of
exacerbations

Secondary: sputum
bacterial density; SGRQ
and QOL-B RSS scores;
lung function

Continued
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Table 3. Continued

First author
[ref.]

Subjects
n

Inclusion criteria Sputum bacteriology Drug Duration End-points

BARKER [82]
(AIR-BX-1
and -2)

540 History of positive sputum
or bronchoscopic
culture for target
Gram-negative
organism or treatment
of exacerbation (in the
previous 5 years) with
antibiotics with Gram-
negative coverage

P. aeruginosa,
Achromobacter,
Burkholderia,
Citrobacter,
Enterobacter,
Escherichia,
Klebsiella, Moraxella,
Proteus, Serratia,
Stenotrophomonas

Aztreonam solution
75 mg every 8 h

4 months, 28 days
on/off (two
active cycles)

Primary: QOL-B RSS
score

Secondary: AEs

DROBNIC [68] 30 Three or more positive
sputum cultures for
tobramycin-sensitive
P. aeruginosa over
6 months

P. aeruginosa Tobramycin 300 mg
every 12 h

6 months Primary: number of
exacerbations; number
of hospitalisations

Secondary: mean change
in P. aeruginosa density
in sputum; eradication of
P. aeruginosa in sputum;
use of antibiotic; PFT;
markers of systemic
inflammation; SGRQ
score; emergence of
bacterial resistance; AEs

ORRIOLS [83] 17 Three or more positive
sputum cultures for
P. aeruginosa in the year
prior to study, and at
least one treatment
with oral ciprofloxacin
in the past 3 months
because of
exacerbation

P. aeruginosa Tobramycin 100 mg
+ ceftazidime
1000 mg every
12 h

1 year Primary: bacterial
eradication in sputum

Secondary:
hospitalisation; use of
antibiotics; PFT;
emergence of bacterial
resistance; AEs

Continued
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Table 3. Continued

First author
[ref.]

Subjects
n

Inclusion criteria Sputum bacteriology Drug Duration End-points

TABERNERO [74] 20 Chronic P. aeruginosa
airway infection after
an acute exacerbation
admission and
appropriate
antimicrobial therapy

P. aeruginosa Colistin 1 million IU
every 12 h

1 year Primary: need for
hospital re-admission;

Secondary: sputum
microbiology; clinical
symptoms; PFT; AEs

I-neb: administered through the I-neb adaptive aerosol delivery device (Philips Respironics, Chichester, UK); SGRQ: St George’s Respiratory
Questionnaire; 6MWT: 6-min walk test; AE: adverse event; PPM: potentially pathogenic micro-organism; MPO: myeloperoxidase; NE: free neutrophil
elastase; LCQ: Leicester Cough Questionnaire; DPI: dry powder inhalation; QOL-B RSS: Quality of Life-Bronchiectasis respiratory symptoms domain
score; PFT: pulmonary function test. #: exacerbations were defined as the presence of three or more of the following signs or symptoms for at least
24 h: increased cough, increased sputum volume, increased sputum purulence, haemoptysis, increased dyspnoea, increased wheezing, fever (>38°C)
or malaise, and the treating physician agreed that antibiotic therapy was required. ¶: liposomal ciprofloxacin for inhalation (150 mg) and free
ciprofloxacin (60 mg) once daily versus placebo (control liposomes, 15 mg). +: deterioration in at least four of the following nine symptoms or signs:
sputum production (volume, colour, consistency or haemoptysis), dyspnoea, cough, fever, wheezing, exercise tolerance (or fatigue/ lethargy/ malaise),
FEV1 or FVC fall of ⩾10%, new changes on chest radiograph and changes in chest sounds on auscultation. §: unpublished data. ƒ: exacerbation
defined as clinical deterioration with all of the following: increasing cough, increasing sputum volume and worsening sputum purulence. ##:
exacerbations defined if they meet three criteria: 1) worsening of at least three signs or symptoms (dyspnoea, wheezing, cough, 24 h sputum volume
or sputum purulence) beyond normal day-to-day variation for at least two consecutive days, 2) fever (body temperature >38°C) or malaise/fatigue and
3) systemic antibiotic treatment (“primary end-point definition”).
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nebulised gentamicin (80 mg versus nebulised 0.9% saline) for 12 months (table 3). The
gentamicin group showed fewer exacerbations, 30.8% eradication in P. aeruginosa-infected
patients and 92.8% eradication in those infected with other pathogens, less sputum purulence
(8.7% versus 38.5%; p<0.0001), greater exercise capacity in a field walk test (median 510 m, IQR
350–690 m versus 415 m, IQR 267.5–530 m; p=0.03) and the best QoL (SGRQ, Leicester Cough
Questionnaire) [81].

The results of the two double-blinded, phase 3 RCTs (AIR-BX1 and 2: Safety and
effectiveness of AZLI (an inhaled antibiotic) in adults with non-CF bronchiectasis)
investigating the efficacy of nebulisation with aztreonam for inhalation solution (AZLI; 75 mg
three times·day−1) on QoL (Quality of Life Questionnaire-Bronchiectasis (QOL-B) [84]) were
eventually negative, although a positive trend was observed in the European centres,
suggesting some differences in terms of standards of care and study populations [82].
However, it is worth noting that the nebulised saline solution used as the comparator in the
AZLI trials had potential therapeutic effects by enhancing airway clearance, and effectively
improved the QOL-B score of patients in the placebo arms similarly to AZLI [82].

Other inhaled antibiotics are currently under investigation, such as tobramycin dry powder
(TOBI Podhaler, Novartis) [85], inhaled levofloxacin solution (APT-1026, Chiesi) [86] and
murepavadin (POL7080, Polyphor), the first representative of the outer-membrane-protein-
targeting antibiotics, and specifically targeting P. aeruginosa with a novel mechanism of action
[87]. Data regarding these antibiotics are likely to become available in the next few years.

Role of antibiotics in eradicating bronchial infections

According to the roadmap of research priorities in bronchiectasis, eradication of airway
infections is considered one of the most relevant topics by both physicians and bronchiectasis
patients [88]. In particular, there is evidence that chronic infection by P. aeruginosa is a main
determinant of prognosis in bronchiectasis, and a prompt attempt to eradicate this
micro-organism is currently suggested by the example of CF. Unfortunately, there is no
consensus on the best eradication protocol to adopt in bronchiectasis, and different options are
currently described (figure 1). It is generally believed that eradication is more likely to be
successful if the infection is recent. The rationale for this is that the survival and defence
strategies used by micro-organisms to adapt to an environment, such as biofilm formation and
quorum sensing, could be less developed at initial stages of an infection [90, 91], making
antibiotic therapy potentially more efficacious. Unfortunately, there is no direct evidence for this
assumption so far in bronchiectasis. There are currently only two studies investigating P.
aeruginosa eradication in bronchiectasis patients at its first isolation. The retrospective study by
WHITE et al. [73] in the UK identified 12 patients treated with i.v. antibiotics, 13 patients with i.
v. antibiotics (different antibiotic combinations) followed by oral ciprofloxacin, and five patients
treated with ciprofloxacin alone, all combined with 3 months of nebulised colistin. P. aerugunosa
was initially eradicated from 24 patients, and 13 out of these 24 remained P. aerugunosa free, but
11 were subsequently re-infected (median time 6.2 months). According to these authors, an i.v.
plus nebulised antibiotic regime may be appropriate, with or without additional ciprofloxacin,
but a combination of oral ciprofloxacin and nebulised colistin could also be considered [73].

A 15-month, single-blinded, randomised study was conducted by ORRIOLS et al. [92]. 35
bronchiectasis patients were allocated to receive 300 mg nebulised tobramycin twice daily or
placebo for 3 months after a 14-day i.v. treatment with ceftazidime and tobramycin at the
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first isolation of P. aeruginosa. At the 12-month follow-up, 54.5% of the patients were free of
P. aeruginosa in the tobramycin group and 29.4% in the placebo group, showing a favourable
clinical impact of tobramycin, despite the remarkable reported bronchospasm associated with
its nebulisation [92].

These data support the recent recommendation to attempt eradication in bronchiectasis patients
with P. aeruginosa, but an RCT comparing different regimens has not yet been undertaken [2].

Finally, European Respiratory Society guidelines suggest that adults with bronchiectasis
with a new isolation of P. aeruginosa should be offered an eradication antibiotic treatment,
despite very low-quality evidence [89]. In contrast, due to the lack of evidence, eradication
antibiotic treatment is not suggested for adults with a new isolation of pathogens other
than P. aeruginosa [2].

Despite the lack of evidence, SEPAR guidelines suggest that eradication of MRSA could
also be considered based on the experience in CF and on experts’ opinions [20].

Risk of antibiotic resistance in bronchiectasis

As acute and chronic airway infections are the most common clinical feature of
bronchiectasis, antibiotics are among the most frequently used drugs used in this disease.

Oral fluoroquinolone OR
intravenous antibiotics PLUS

inhaled antibiotics, e.g.
ciprofloxacin 750 mg twice daily

plus inhaled colistin

First/new isolation of 
P. aeruginosa

Continued
inhaled antibiotics

Total duration
3 months

Initial phase
2 weeks

Intravenous antibiotics, 
e.g. β-lactam plus 

aminoglycoside

Inhaled antibiotics,
e.g. colistin/tobramycin/

gentamicin

Total duration
3 months

Initial phase
2 weeks

Oral fluoroquinolone
e.g. ciprofloxacin 750 mg twice daily

Consider repeat sample to 
confirm persistent P. aeruginosa

Inhaled antibiotics,
e.g. colistin/tobramycin/gentamicin

Intravenous antibiotics, 
e.g. β-lactam plus 

aminoglycoside

Total duration
3 months

Initial phase
2 weeks

Figure 1. Eradication treatment pathways reported by the European Respiratory Society for the management
of adult bronchiectasis. P. aeruginosa: Pseudomonas aeruginosa. Reproduced and modified from [89] with
permission.
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Therefore, the risk of antibiotic resistance in bronchiectasis patients can be relevant,
depending on the frequency of administration, the type of antibiotic and the microbial
ecology of the airways.

A recent study investigated the microbiology of 233 bronchiectasis exacerbations:
20.1% of all 159 identified micro-organisms were MDR pathogens. P. aeruginosa,
MRSA and extended-spectrum β-lactamase Enterobacteriaceae were identified in
48.5%, 18.2% and 6.1% of exacerbations, respectively [93]. These MDR pathogens were
more frequent in exacerbations requiring hospitalisation (24.5% versus 10.2%;
p=0.016). A multivariate analysis identified the independent factors associated with the
risk of MDR pathogens: chronic renal disease (OR 7.60, 95% CI 1.92–30.09),
hospitalisation in the previous year (OR 3.88, 95% CI 1.37–11.02) and prior MDR
isolation (OR 5.58, 95% CI 2.02–15.46). Patients with two or more risk factors showed
a 53.6% proportion of MDR pathogens [93].

As these risk factors are very common in bronchiectasis patients >65 years of age, the
proportion of MDR pathogens can be considerable in exacerbations of bronchiectasis.
These findings highlight the importance of microbiological investigations in
bronchiectasis exacerbations in order to guide antibiotic treatment and avoid inadequate
treatment or broad-spectrum antibiotic overuse [93, 94]. Although the results of sputum
culture are not immediately available, it is important to adjust empirical therapy
according to microbiological results and antibiotic susceptibility tests. However, the
previous isolation of MDR pathogens such as P. aeruginosa should always lead to use
and empirical treatment aimed at covering this pathogen until microbiological results
become available [93, 94].

Another study performed in 747 stable bronchiectasis patients found the presence of resistant
P. aeruginosa strains in 59.9% of patients [95]. The risk factors associated with resistant
P. aeruginosa were: prior exposure to antibiotics (OR 6.18), three or more exacerbations in
the previous year (OR 2.81), higher modified Medical Research Council dyspnoea scores (OR
1.93) and greater radiological severity (OR 1.15). Surprisingly, the presence of resistant
P. aeruginosa did not increase the all-cause mortality at follow-up [95].

In the treatment of chronic infection, the long-term use of macrolides has been shown to
be associated with a consistent risk of increased antimicrobial resistance. In particular,
the BAT trial showed that, after 12 months of treatment with azithromycin, a macrolide
resistance rate of 88% was found in the azithromycin-treated individuals compared with
26% in the placebo group [53]. This finding could be particularly relevant considering
that >80% of the overall pathogens identified as chronically present in the airways of
recruited patients were potentially sensitive to this antibiotic (H. influenzae, S. pneumoniae,
Moraxella catarrhalis and Haemophilus parainfluenzae), while P. aeruginosa, which is not
naturally sensitive to macrolides, represented only 11% of all patients. Nevertheless, the
clinical impact of macrolide resistance did not seem to be relevant in this trial, which
showed a significant benefit in terms of exacerbations and symptoms in the treatment
arm [53].

The BLESS trial also found that twice-daily erythromycin (400 mg) administered
consecutively over 12 months increased the proportion of macrolide-resistant
oropharyngeal streptococci (median change 27.7%, IQR 0.04–41.1%, versus 0.04%, IQR
−1.6 to 1.5%; difference 25.5%, IQR 15.0–33.7%; p<0.001) [54]. More recently, the same
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oropharyngeal samples of the BLESS trial were analysed by 16S rRNA gene amplicon
sequencing and quantitative PCR [96]. Significant changes in the relative abundances of
members of the genus Actinomyces and increases in the carriage of transmissible macrolide
resistance were confirmed.

Similar data were described in a paediatric population in New Zealand where the rate of
macrolide-resistant pathogens was further increased in patients with poor adherence to
treatment (<70%) [97].

In conclusion, macrolides can significantly raise the risk of antimicrobial resistance, but the
clinical relevance of this should be investigated further in the future according to patients’
characteristics and their microbiology [98].

Inhaled antibiotics have frequently been preferred to systemic antibiotics in both CF and
bronchiectasis due to the reduced risk of systemic side-effects and antimicrobial resistances.
The rationale for this is based on the fact that the concentration of inhaled antibiotic in the
airways is several fold higher than from systemic administration, and that systemic
absorption of the drug through the alveolar–capillary barrier is minimal [85, 99, 100].

Consistently, the most recent trials with inhaled antibiotics in bronchiectasis patients with
chronic airway infections have shown a limited increase in antimicrobial resistance. BARKER

et al. [67] found that tobramycin-resistant P. aeruginosa strains developed in 11% of
patients treated with tobramycin solution compared with 3% of placebo patients (p=0.36).
However, DROBNIC et al. [68] did not observe differences in terms of antibiotic resistance
between the treatment and placebo arms of a double-blinded, placebo-controlled crossover
trial investigating the safety and effectiveness of tobramycin solution. More recently, the
ORBIT-3 and -4 trials investigating the safety and effectiveness of liposomal ciprofloxacin
included over 1000 patients globally but did not show any significant attenuation of
antibiotic activity over the 48-week trial [80]. In the RESPIRE 1 and 2 trials investigating
dry powder ciprofloxacin, a significant increase in MIC of baseline pathogens was
observed in only 5–9% of all patients in both treatment arms (14 days on/off and 28 days
on/off ) [76, 77]. The AIR-BX1 and AIR-BX2 trials with nebulised aztreonam described an
increase in MIC in 15–23% of all cases [82]. Finally, the colistin trial by HAWORTH et al.
[71] did not describe any significant increase in the rate of resistance of P. aeruginosa
strains during the study.

In conclusion, while there is clear evidence of increased antimicrobial resistance with
macrolides, inhaled antibiotics have shown only modest increases in resistant strains in a
variable proportion of patients according to study drug and formulation (dry powder, solution
for inhalation or liposomal). Nevertheless, the choice between oral and inhaled antibiotics
should take into consideration multiple factors apart from the risk of antimicrobial resistance,
such patients’ characteristics, comorbidities, concomitant medications, expected benefits in
terms of exacerbations and QoL [101].

Finally, it is worth saying that, as for any infectious disease, more research into
bronchiectasis is needed to assess useful and cost-effective measures to reduce the rate of
antimicrobial resistance worldwide. Clearly, constant microbiological follow-up is necessary
for prompt identification of pathogenic micro-organisms in order to adequately treat them
and avoid the development of chronic airway infections and the long-term use of
antibiotics [102]. Moreover, in the future, the development of affordable microbiological
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rapid diagnostic and susceptibility tests could improve the management of infections in
bronchiectasis and minimise the overuse of broad-spectrum antibiotics that contribute to
the spread of antimicrobial resistance. The efficacy of other strategies, such as patient
segregation in the case of MDR pathogens, should be investigated in terms of the risk of
cross-infection of bronchiectasis patients in healthcare settings [103]. Finally, the role of
respiratory vaccines (influenza viruses and S. pneumoniae) in reducing the risk of antibiotic
overuse and resistance in bronchiectasis should also be investigated further.
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| Chapter 20

Airway clearance techniques,
pulmonary rehabilitation and
physical activity
Beatriz Herrero-Cortina1, Annemarie L. Lee2,3, Brenda O’Neill4 and
Judy Bradley5

People with bronchiectasis are characterised by a combination of an impaired mucociliary
clearance system with functional limitation and lower physical activity levels; hence,
physiotherapy interventions should be a priority strategy for the management of this
population. ACTs used regularly reduce the respiratory symptoms related to cough and,
therefore, improve health-related quality of life (HRQoL). Short-term clinical benefits in
people with bronchiectasis are observed for functional exercise capacity, symptoms and
HRQoL after completing a pulmonary rehabilitation programme, but these improvements
are not maintained long term. Consequently, interventions to increase physical activity and
reduce sedentary time may be incorporated in pulmonary rehabilitation programmes and in
the overall management of people with bronchiectasis. Furthermore, strategies to promote
behavioural change and adherence are needed to ensure successful implementation of these
interventions in clinical practice. Further research is needed to explore the effects of
physiotherapy interventions during an acute exacerbation and continued beyond discharge,
and their impact on disease severity.
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Chronic cough, sputum production, dyspnoea, fatigue, anxiety, depression and
functional limitation are the main clinical manifestations reported for people with

bronchiectasis. These symptoms and disorders tend to worsen during acute exacerbations,
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which have a negative impact on health-related quality of life (HRQoL). Physiotherapy
interventions (ACTs, pulmonary rehabilitation and interventions to increase physical
activity levels and reduce sedentary time) are useful nonpharmacological strategies to
reduce symptoms and exacerbation frequency and improve HRQoL. This chapter focuses
on: 1) understanding the beneficial effect of physiotherapy interventions in people with
bronchiectasis; 2) providing validated tools of measurement to evaluate their effects; 3)
identifying useful strategies to implement these interventions into clinical practice and tips
to promote adherence to these physiotherapy interventions; and 4) reviewing the current
evidence and giving suggestions for future research in these areas.

Airway clearance techniques in bronchiectasis

Why are airway clearance techniques beneficial in bronchiectasis?

A productive cough or difficulty in expectorating sputum is a clinical symptom that reflects
the presence of an impaired mucociliary clearance system in people with bronchiectasis.
Abnormalities in mucus production, ciliary function and in biophysical and surface mucus
properties contribute directly to a decreased mucus clearance rate [1–3].

Although there are few data evaluating the function of airway surface liquid in
bronchiectasis, the hypothesis that the dehydration of the mucus layer results in mucus
transport impairment [2, 4, 5] may be extrapolated to people with bronchiectasis. First,
neutrophil elastase activity plays an important role in the pathogenesis and progression of
bronchiectasis [6]. The excess activity of neutrophil elastase within the inflamed airway
decreases ciliary beating and stimulates mucin secretion [6, 7]. The MUC2 and MUC5B
mucins seem to be the most predominant in bronchiectasis. Furthermore, higher airway
mucin levels are also associated with disease severity [8], although further studies are needed
to confirm these results. An excess of secreted mucin leads to mucus layer dehydration and
generates an osmotic imbalance between the mucus layer and the periciliary liquid (PCL)
region, which, ultimately, compresses the PCL and cilia system (figure 1) [9]. As result, the
ciliary beat is slowed down and the mucus layer adhesion to the airway epithelial surface
(termed “adhesivity”, a surface property of mucus) is facilitated, thereby reducing mucus

Mucus layer

Airflow

c)b)a)

PCL

Figure 1. a) Representation of the airway surface layer, including mucus layer and periciliary liquid (PCL)
layer, under normal conditions. b) Representation of the airway surface layer under dehydration conditions.
An excess of mucin concentration leads to mucus layer dehydration and collapse of the PCL and ciliary
system. As a result, the mucus transport is impaired and this produces mucus adhesion to the airway
surface (adhesivity). c) Action of ACTs using expiratory airflow to enhance sputum removal. Reproduced and
modified from [9] with permission.
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transport and enhancing mucus accumulation [2, 4]. Ciliary dysfunction can also be due to
a genetic disorder of the cilia structure and function in people with bronchiectasis (PCD).

Secondly, the adhesivity seems to be the strongest dependent factor of cough clearance
effectiveness [1, 3] when respiratory muscle strength is preserved. This is independent of
mucus viscoelastic properties [10]. Greater adhesivity appears when the interfacial tension
is high between the mucus layer and the airway epithelium and/or the mucus wettability is
low [1, 11]. The limited data available suggest that cough clearance is impaired in
bronchiectasis [12, 13], although it is still more effective when compared to other diseases
(e.g. CF or bronchitis) [14]. Despite producing certain improvements on the sputum
surface properties after inhalation of hydrator therapies in patients with bronchiectasis [12],
the long-term clinical benefits of hyperosmolar solutions (such as mannitol or hypertonic
saline) still remain unclear [15–17]. Cough clearance may be less impaired in
bronchiectasis due to the lower sputum adhesivity found in this population [14], which
may partly explain the variable beneficial effects found using hyperosmolar solutions in
cases of bronchiectasis and other respiratory conditions.

Mechanical stress applied to the airways is a strategy to stimulate hydration of the mucus layer
and, therefore, enhance airway clearance [18, 19]. During normal breathing, two physical
stresses relevant for the regulation of normal airway surface hydration, the airflow and the
trans-airway pressure gradient, are generated during both respiratory phases [18]. Previous
studies have reported that fluid shear stress, compression/stretch and osmotic shock are the
main physical mechanisms that stimulate airway surface hydration [18]. In addition, an in
vitro flow model suggests two conditions that improve airway clearance [20–22]: 1) the peak
expiratory flow rate should be greater than the peak inspiratory flow rate (by at least 10%) for
mucus to move proximally; and 2) a peak expiratory flow rate of 30–60 L·min−1 is required to
break the adhesive bonds generated between the mucus layer and the airway epithelial surface.
Accordingly, ACTs based on generating greater mechanical stress on the airways compared to
normal breathing and the achievement of both aforementioned conditions may play an
important role in improving airway clearance in people with bronchiectasis.

So far, little attention has been paid to the impact of chronic productive cough as an
independent prognostic factor in bronchiectasis, despite the fact that productive cough is
associated with higher cough frequency [23] and poor HRQoL [24]. Furthermore, the duration
of chronic productive cough is also associated with lower lung function and more
exacerbations [25]. ACTs applied regularly in people with bronchiectasis may help increase the
clearance of inflammatory markers in the airways, reduce the frequency of exacerbations and
reduce the daily symptoms related to cough, thereby improving overall HRQoL.

How to implement airway clearance techniques in clinical practice

ACTs should be taught to all people with bronchiectasis and chronic productive cough or
inability to cough effectively, based on the recommendations of both international and
national guidelines [26, 27]. Additionally, people with nonproductive cough who report an
increase in cough frequency and sputum volume/consistency during a pulmonary exacerbation
should also be trained (preferably when stable) in the most appropriate ACTs [28].

The main ACTs used in people with bronchiectasis [29] are described in table 1 and
further information on the procedure for each one is available on specific multi-media web
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Table 1. An overview of the main ACTs used in people with bronchiectasis

Technique Procedure [30, 31] Physiological basis to enhance
sputum removal

[19, 20]

Short-term
clinical benefits

Long-term
clinical benefits

Positioning Breathing

Active cycle
of breathing
technique

Generally performed
in sitting position;
however, an
alternative position
(supine or side-
lying) may also be
used.

A combination of exercises
including breathing
control, thoracic
expansions with breath-
hold after inspiration
and finished by forced
expiratory technique
(huff).

Thoracic expansion exercises
with breath-hold generate a
greater trans-airway
pressure gradient
(mechanical stress) than
normal breathing. This
mechanism also uses
interdependence and
collateral ventilation to allow
the presence of air behind
obstructed lung units.

Enhances sputum removal
during treatment [32].

Slight improvement in
lung function after
treatment [32].

NE

Autogenic
drainage

Generally performed
in sitting position
(figure 2d);
however, an
alternative position
(supine or side-
lying) may also be
used.

Commence breathing from
lower lung volume levels
in the expiratory reserve
volume, through higher
lung volume levels into
the inspiratory reserve
volume with the glottis
opened and including a
breath-hold after
inspiratory phase.
The sputum is cleared
by cough or forced
expiratory technique.
Before starting autogenic
drainage, patients should
be taught how to exhale
with glottis opened,
either with or without a
mouthpiece.

Stage 1, “Loosening phase”:
the cross-sectional area of
the medial and peripheral
airways is reduced
(mechanical stress) and the
airflow velocity increases in
these areas. This is achieved
by breathing repeatedly using
low lung volumes in the
expiratory reserve volume.
The slow expirations with an
open glottis avoid dynamic
compression during
manoeuvres and maintain the
airway patency [34, 35].

Stages 2 and 3, “Collect and
move up phase”: breathing
progressively with high lung
volumes towards the

Increases sputum removal
during treatment and
reduces the sputum
expectoration for the
remainder of the
day [36].

May improve ventilation
homogeneity [37].

Reduces cough
impact [36].

NE

Continued
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Table 1. Continued

Technique Procedure [30, 31] Physiological basis to enhance
sputum removal

[19, 20]

Short-term
clinical benefits

Long-term
clinical benefits

Positioning Breathing

inspiratory reserve volume
including a breath-hold
generates a greater trans-
airway pressure gradient
(mechanical stress) and also
allows the air to move behind
the obstructed lung units via
collateral ventilation.

ELTGOL Performed in the
lateral decubitus
position with the
affected lung in the
dependent position.
Both lateral
decubitus positions
should be recom-
mended when both
lungs are affected
(figure 2a and c).

Slow expirations from
functional residual
capacity to the end of
expiratory reserve
volume with the glottis
opened. The sputum is
cleared by cough or
forced expiratory
technique. Before
starting ELTGOL, patients
should be taught how to
exhale with glottis
opened, either with or
without a mouthpiece.

Placing the patient in the side-
lying position, the airways in
the dependent lung are
stretched (mechanical stress)
and, therefore, the airflow
velocity increases in the medial
and peripheral areas [35].

Slow exhalations with an open
glottis from the functional
residual capacity to the end of
the expiratory reserve volume
maintain the airways slightly
narrowed without dynamic
compression [34, 35].

Increases sputum removal
during treatment and
reduces sputum
expectoration for the
remainder of the
day [36].

Reduces pulmonary
hyperinflation [38].

Reduces cough
impact [36].

Reduces the
frequency of
exacerbations
[39].

Improves
HRQoL [39].

Reduces cough
impact [39].

Increases
sputum
removal [39].

Non-
oscillating
PEP

Generally performed
in sitting position;
however, an
alternative position
(supine or side-
lying) may also be
used.

Slow inspirations with
slightly greater volume
than tidal volume
followed by an end
breath-hold. After this
breath-hold, exhalation
against a resistance
occurs through the PEP
device, using a

Active expiration against a mild
expiratory resistance
(10–25 cmH2O) increases the
expiratory phase time and
generates a greater trans-
airway pressure gradient
(mechanical stress)
compared to normal
breathing. This mechanism

NE NE

Continued

Autogenic
drainage
(cont.)
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Table 1. Continued

Technique Procedure [30, 31] Physiological basis to enhance
sputum removal

[19, 20]

Short-term
clinical benefits

Long-term
clinical benefits

Positioning Breathing

mouthpiece or a mask.
The sputum is cleared
by cough or forced
expiratory technique. A
manometer may be used
for education purposes
to ensure a correct
expiratory pressure
(10–25 cmH2O).

also uses collateral
ventilation to enable the
presence of air behind
obstructed lung units.

It may be useful to combine a
PEP device with autogenic
drainage or the ELTGOL
technique in patients with
higher airway resistance
and/or lower elastic recoil
pressure, moving the
equal pressure point
towards the cartilaginous
airways [34].

Oscillating
PEP

Generally performed
in sitting position;
however, an
alternative position
(supine or side-
lying) may also be
used.

Slow inspirations with
slightly greater volume
than tidal volume
followed by an end
breath-hold. After this
breath-hold, exhalation
against a resistance
occurs through the
oscillating PEP device,
using a mouthpiece or a
mask (figure 2b). The
sputum is cleared by
cough or forced
expiratory technique.

High frequency airflow
oscillation (mechanical
stress) during the expiratory
phase improves the
biophysical properties of the
mucus (viscoelasticity) and
stimulates the ciliary beat.

Active expiration against a mild
expiratory resistance
(10–25 cmH2O) increases the
expiratory phase time and
generates a greater trans-
airway pressure gradient
(mechanical stress) than
normal breathing. This
mechanism also uses
collateral ventilation

Enhances sputum removal
during treatment in
stable conditions and
during a pulmonary
exacerbation [40].

Reduces sputum
viscosity [41].

Decreases sputum
adhesivity [42, 43].

Increases cough
transportability [42, 43].

Decreases airway
inflammation [43].

Reduces airway
resistance [44].

Slight improvement in lung
function after treatment.

Improves
HRQoL [45].

Reduces cough
impact [45].

Improves
exercise
capacity [45].

Increases
sputum
removal [45].

Continued

Non-
oscillating
PEP
(cont.)
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Table 1. Continued

Technique Procedure [30, 31] Physiological basis to enhance
sputum removal

[19, 20]

Short-term
clinical benefits

Long-term
clinical benefits

Positioning Breathing

to allow the presence of air
behind obstructed lung units.

It may be useful to combine an
oscillating PEP device with
autogenic drainage or the
ELTGOL technique in patients
with higher airway resistance
and/or lower elastic recoil
pressure, moving the equal
pressure point towards the
cartilaginous airways [34].
The vibration effect on the
properties of the mucus may
also improve the
effectiveness of autogenic
drainage or ELTGOL when
both techniques are used in
combination.

NE: not established; ELTGOL: slow expiration with the glottis opened in the lateral posture; HRQoL: health-related quality of life.

Oscillating
PEP
(cont.)
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resources (including images and videos) for people with bronchiectasis [30, 31]. No one
ACT has been shown to be more beneficial than any other [46, 47]. Therefore, the selection
of the ACTs should be targeted according to the patient’s characteristics (biophysical
sputum properties, breathlessness, tolerability, fatigue, preference and even economic
resources) and it may be beneficial to schedule check-ups to ensure that patients are using
ACTs correctly [48] or to re-evaluate their use and effectiveness [20]. People with
bronchiectasis should be taught by a respiratory physiotherapist trained and with expertise
in all possible ACTs [26]. In clinical practice, it is a recommendation that ACTs are applied
after hyperosmolar treatment and before inhaled antibiotics. Previous studies performed in
people with CF suggest that hypertonic saline inhalation during ACTs have similar clinical
benefits to hypertonic saline inhalation before ACTs, with the benefit of saving time [49,
50]. Further research is needed in people with bronchiectasis.

Tips to improve adherence to airway clearance techniques

The low rate of adherence to ACTs is worrisome in people with bronchiectasis [51],
especially when they report no change (or little change) in their daily respiratory symptoms
and they fail to believe in the need for ACTs as a part of their chronic treatment [52].
Therefore, an ACT training programme should include education on the possible clinical
benefits of using ACTs regularly. Strategies to improve ACTs adherence are shown in
figure 2 [33, 48] and may include: 1) offering possibilities to reduce the ACT treatment
burden; 2) teaching at least two independent ACTs, avoiding monotonous treatment and
improving self-confidence; 3) regular reminders to encourage patients to follow their
self-management strategy; 4) empowering patients with knowledge regarding the clinical
benefits achieved after regular treatment using ACTs (amount and colour of sputum
expectorated [53], lower number of hospitalisations and exacerbations, decreased need for
extra medication, greater HRQoL); and 5) promoting the use of technology for providing
bronchiectasis-specific information [30, 31] and granting patients the opportunity to
interact online with other people with bronchiectasis for social support.

What is the current evidence for airway clearance techniques?

The level of recommendation for ACTs is still weak and with a low quality of evidence in
people with bronchiectasis [26]. The lack of long-term studies and methodological issues
are the main underlying factors [54]. Table 1 summarises the main short- and long-term
benefits of ACTs in this target population. Recently, MUÑOZ et al. [39] found that the
ELTGOL technique (slow expiration with the glottis opened in the lateral posture)
performed twice daily over 1 year increases sputum removal compared to upper-limb
stretching exercises (primary end-point) in people with bronchiectasis. This study also
found that regular performance of the ELTGOL technique improves HRQoL, reduces
exacerbation frequency and improves cough impact. In addition, the length of time to the
first exacerbation tended to be longer for the ELTGOL group, although this finding was not
statistically significant. These results are consistent with the previous findings by MURRAY

et al. [45], who found that the use of an oscillatory PEP device used twice a day improved
the HRQoL and perceived cough severity, enhancing sputum removal and improving
exercise capacity in people with bronchiectasis.

Overall, the short-term studies performed to date demonstrate that all the ACTs
enhance sputum removal to a similar degree in cases of bronchiectasis [26]. A
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randomised crossover trial has shown that both the ELTGOL and autogenic drainage
techniques are able to concentrate the sputum removal during the treatment, reducing
the need to expectorate during the remainder of the day and improving the cough
impact [36]. Biophysical and surface mucus properties seem to be improved after the
use of oscillating PEP devices in bronchiectasis. TAMBASCIO and co-workers. [42, 43]
found that a flutter device used over 4 weeks improves cough clearance, reduces
sputum adhesivity (contact angle) and may reduce airway inflammation. Further
research is needed to better understand the mechanism of action of ACTs on the
biophysical level and regarding the properties of the airway mucus surface. Finally, the
role of ACTs during an acute exacerbation in people with bronchiectasis is still
unknown. ACTs seem to be safe and well tolerated during exacerbations in patients
with bronchiectasis [40, 55]. Specifically, oscillating PEP devices slightly enhanced
greater sputum expectoration than other techniques [40]. However, it should be a
research priority in the upcoming years to explore whether ACTs have an impact on

a)

b)

c)

d)

Figure 2. Some strategies to improve ACT adherence. a and b) A patient with bronchiectasis is performing
two independent ACTs combined with an oscillating PEP device at home. He assesses the efficacy of the
session using a volumetric container and a sputum colour chart validated in bronchiectasis [33]. c and d)
Regular appointments at a hospital/institution are encouraged to assist/educate in the procedure of ACTs.
Images used with permission from the patients.
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the rate of symptom recovery, length of hospital stay and time to next hospital
admission in people with an acute exacerbation of bronchiectasis.

Future research on airway clearance techniques

We suggest that future research on the use of ACTs in bronchiectasis should focus on the
following questions. When along the disease trajectory should the use of ACTs be
investigated? How should ACTs be personalised based on patients’ severity and
preferences? What are the most effective strategies to improve adherence to ACTs and
maintain their long-term benefits in bronchiectasis? Are all ACTs able to reduce the
number of exacerbations in patients with bronchiectasis? Are ACTs during acute
exacerbation effective in patients with bronchiectasis? Does the timing of hyperosmolar
solutions have an impact on effectiveness of ACTs? Could exercise be used instead of ACTs
to enhance sputum removal in selected patients with bronchiectasis?

Pulmonary rehabilitation in bronchiectasis

Why is pulmonary rehabilitation beneficial in bronchiectasis?

In people with bronchiectasis, peripheral muscle dysfunction has been reported, with evidence
of quadriceps femoris weakness and biceps brachii weakness and a corresponding reduction in
endurance compared to age-matched, healthy control subjects [56, 57]. Accompanying these
changes are increased levels of fatigue and dyspnoea [58, 59]. Despite limited study, it is
possible that alterations noted in COPD, including muscle atrophy, mitochondrial dysfunction,
change in fibre type and poor oxidative capacity [59], also affect those with bronchiectasis.
This reduction in peripheral muscle strength and endurance is a key contributor to the
reduced functional exercise capacity noted in this population, with lower distances recorded in
field walking tests compared to healthy control subjects [56, 58, 60]. A reduction in peak
oxygen consumption during a maximal exercise test in bronchiectasis illustrates a decrease in
maximal exercise capacity [56, 61]. In addition, those with bronchiectasis are less active, with
lower proportions of physical activity undertaken each day [56, 60, 62].

Respiratory dysfunction, with inspiratory and expiratory muscle weakness, is also evident in
bronchiectasis [63–65]. These changes, together with the combination of impaired
mucociliary clearance, bronchial inflammation and irreversible dilatation, are linked to
decreased expiratory flow, which further contributes to reduced exercise tolerance [66]. This
combination of peripheral and respiratory muscle impairment, a predisposition to acute
exacerbations, dyspnoea, fatigue and higher levels of anxiety and depression [67, 68] all
contribute to poorer HRQoL [24, 69, 70].

Pulmonary rehabilitation is a comprehensive intervention for people with chronic lung
diseases, with therapies including exercise training, education and behaviour change [71,
72]. National and international guidelines for the management of bronchiectasis accept the
referral and support the role of pulmonary rehabilitation for those experiencing functional
limitations [26–28, 73], regardless of an individual’s disease severity according to lung
function or HRCT findings. Contributing factors to these functional limitations are
peripheral muscle weakness, symptoms of dyspnoea, fatigue and respiratory dysfunction.
Most people typically undertake pulmonary rehabilitation when clinically stable. Although
there is less evidence for the effects of pulmonary rehabilitation either during or
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immediately following an acute exacerbation, this intervention has demonstrated benefit in
this clinical state, with the appropriate safety parameters and supervision [72].

How to implement pulmonary rehabilitation in clinical practice

In clinical practice, individuals with bronchiectasis are referred to pulmonary rehabilitation
programmes [74, 75]. The most common mode of delivery for pulmonary rehabilitation is in
the outpatient setting, within either a hospital or community rehabilitation centre [72]. Other
models that are applied less frequently are inpatient rehabilitation, home-based rehabilitation
or tele-rehabilitation, with the likelihood of growth of these modes in the future. At a
minimum, pulmonary rehabilitation programmes are comprised of structured and supervised
exercise training, but may also include educational/behavioural sessions intended to foster
long-term health-enhancing behaviours. Often pulmonary rehabilitation programmes do not
specifically include components that target physical activity and sedentary lifestyle, although
they may provide recommendations for ongoing exercise and physical activity.

Prior to commencing an individualised pulmonary rehabilitation exercise programme, an
assessment of functional exercise capacity, symptoms and health status or HRQoL is
completed [71]. Tools of measurement, which include patient-reported outcomes and are
applied in clinical practice, are outlined in table 2. Some of these measures are reliable and
valid and found to be sensitive to pulmonary rehabilitation in the bronchiectasis
population; others have been derived from other chronic lung diseases.

For exercise performance, maximal exercise tests measure an individual’s true maximal
exercise capacity and identify physiological factors that limit exercise performance. However,
field walking tests are easier to implement in clinical practice and offer the advantage of a
minimally clinically important difference (MCID) for people with bronchiectasis. The MCID
is defined as the smallest change in an outcome measure that is recognised to be beneficial
by the patient and that would lead a clinician to consider a change in therapy [72].
Patient-reported outcomes capture the impact on symptoms, health status, HRQoL, activities
of daily living and psychological well-being (anxiety and depression). In the absence of a
single “best” tool for pulmonary rehabilitation, the choice of instruments may be influenced
by the presenting symptoms or limitations expressed by an individual patient and the length
of the recall period of questionnaires. At a minimum, the effects of pulmonary rehabilitation
should be assessed at the conclusion of a programme.

The typical duration of a pulmonary rehabilitation programme is 8–12 weeks, with
supervised training a minimum of twice per week [71, 72]. Exercise training should consist
of endurance and strength training, with the principles of prescription, including intensity,
frequency, duration and progression, largely based on those of individuals with COPD [72].
Options for endurance training regardless of programme location consist of walking,
cycling or stepping work, with strength training including both upper and lower limbs. The
focus for endurance exercise is a higher intensity of training and examples of types of
exercise prescribed and initial prescriptions in bronchiectasis are outlined in table 3 and
figure 3. For those who may struggle with maintaining continuous exercise due to symptom
severity, interval approaches remain an option for endurance training.

Accompanying the exercise programme are education sessions focusing on increasing
patient knowledge base, encouraging self-management and promoting change in health
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behaviours. While the evidence base for education is less robust compared to exercise
training, and the additional benefits derived from education are largely indistinguishable,
it is recognised as an important feature [87]. A range of topics can be incorporated into
education sessions [30, 31], with varying degrees of relevance to people with
bronchiectasis, and the options are outlined in table 4. Ideally, the choice of topics should
be individually relevant. The formats vary from didactic delivery, practical applications
and self-management models.

As a common clinical feature of bronchiectasis is chronic cough with sputum
production, ACTs may be prescribed as an adjunctive therapy to pulmonary
rehabilitation, or the prescription of ACTs may be optimised prior to commencing
pulmonary rehabilitation or may be reviewed as part of pulmonary rehabilitation. At a
minimum, in individuals who report enhancement of secretion expectoration with
exercise, guidance in the use of the forced expiratory technique during an exercise
programme may be beneficial.

Table 2. Assessment tool options for pulmonary rehabilitation

Measurement tool Recall period Reliability or validity
established in
bronchiectasis

Sensitive to pulmonary
rehabilitation in
bronchiectasis

Maximal exercise test
Incremental exercise
test [65]

NA NA Yes

Functional exercise
capacity
6-min walk test [76] NA Reliability Yes
Incremental shuttle
walk test [76]

NA Reliability Yes

Endurance shuttle
walk test [77]

NA NE Yes

Health-related quality of
life and psychological
status
St George’s Respiratory
Questionnaire [78]

1, 3 and
12 months

Reliability and validity Yes

Quality of life –
Bronchiectasis [79]

Past week Reliability and validity NE

Chronic Respiratory
Disease
Questionnaire [80]

2 weeks Reliability and validity Yes

Leicester Cough
Questionnaire [81]

2 weeks Reliability and validity Uncertain

BHQ [23] 2 weeks Reliability and validity NE
Short-Form 36 4 weeks NE NE
Hospital Anxiety and
Depression Scale

Past week NE No

Symptoms
Modified Medical
Research Council
dyspnoea scale

Medium to long
term (weeks)

NE NE

NA: not applicable; NE: not established.
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Tips to improve adherence to pulmonary rehabilitation

Despite the benefits and advocacy for pulmonary rehabilitation in bronchiectasis, the
challenges in maximising uptake and completion of pulmonary rehabilitation affect a
proportion of individuals with bronchiectasis. In COPD, barriers to adherence are well
described and include lack of transportation, lack of awareness of perceived benefit, concern
regarding physical ability to participate in exercise and the lack of enthusiasm and support
of a referring clinician [88, 89]. While the extent to which these factors influence uptake
of referral and adherence to pulmonary rehabilitation in bronchiectasis is not known,
awareness of them may be advantageous when facilitation to adhere is required. A
programme that fosters an individual’s self-confidence, reduces vulnerability and empowers
them through knowledge gain and independence is more likely to have improved adherence
[88, 89]. Providing group support with positive group dynamics, relevant knowledge,
practical techniques and individual attention all contribute to promoting adherence to
rehabilitation and should be considered by clinicians offering pulmonary rehabilitation to
people with bronchiectasis. In addition, addressing non-illness-related concerns, such as
transportation or offering alternative times or training options for pulmonary rehabilitation
for those with work commitments, may also influence the success of adherence.

Achieving sustainable improvements in exercise capacity and encouraging physical activity
are goals of pulmonary rehabilitation. Options for maintaining exercise training or activity

Table 3. Intensity and duration of endurance and strength training modes applied in
bronchiectasis

Mode Intensity and duration prescribed

Endurance training
Walking (ground-based
or treadmill)

10–15 min at 85% V′O2,max or peak HR [65, 77, 82]
15 min at 80% of baseline 6MWT or 75% of ISWT [83, 84]
15–20 min at 60–70% of maximal HR of 6MWT [85]

Cycling (stationary, upright
or recumbent)

10–15 min at 85% V′O2,max or peak HR [65, 77]
15 min at Borg 3–4 [84]
15–30 min at 60–70% maximal work rate or peak

HR [83, 85, 86]

Ski machine 10 min at 85% V′O2,max [77]
15 min at 85% peak HR on incremental exercise test [65]

Stair climbing 10 min at 85% peak HR [65]

Strength training
UL/LL exercises (free weights
for biceps, triceps, quads)

60% 1RM, 3×10 repetitions [77]
Total of 15 min at Borg scale 3–4, RPE 12–14 [83, 84]

Functional LL (sit–stand,
step-ups)

Total of 15 min at Borg scale 3–4, RPE 12–14 [83, 84]
1RM, 3×8 repetitions [82]

UL calisthenics or
arm ergometer

NR

V′O2,max: maximal oxygen uptake; HR: heart rate; 6MWT: 6-min walk test; ISWT: incremental
shuttle walk test; UL: upper limb; LL: lower limb; 1RM: one repetition maximum; RPE: rate of
perceived exertion; NR: not reported.
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include formal maintenance exercise programmes, within the hospital or local community
centres or gymnasiums. Some maintenance programmes offer group or one-to-one
supervision and others are focused on promoting independent physical activity. The
frequency of maintenance programmes can range from weekly to once per month [90]. The
most suitable option for maintaining improvements for people with bronchiectasis can only
be determined individually, but approaches to enhance physical activity after pulmonary
rehabilitation are important in the management of bronchiectasis.

What is the current evidence for pulmonary rehabilitation?

The short- and long-term clinical effects of pulmonary rehabilitation in bronchiectasis have
been examined in retrospective and prospective studies and the magnitude of effect on
exercise capacity is not influenced by differences in programme intensity or duration. For
changes in functional exercise capacity, improvements in the 6-min walk distance ranged
from 25 m to 53 m [83–86, 91], while changes in the incremental shuttle walk distance
were from 52 m to 82 m [92], all greater than the MCID for these outcomes in people with
chronic respiratory diseases [93]. Both exercise training alone and exercise and education
significantly reduced dyspnoea and fatigue [83, 85] and enhanced HRQoL [77, 83],
although changes in symptom-related quality of life may depend on the components of the
pulmonary rehabilitation programme: exercise, education and an airway clearance regimen

a)

Figure 3. Lower and upper limb strengthening exercises in pulmonary rehabilitation. Images used with
permission from the patients.
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result in benefit [77], while exercise alone had no effect [83]. These benefits have still been
noted at 3 months following programme completion [65, 77], although these were not able
to be sustained at 6 or 12 months after the programme [83, 84]. This highlights an ongoing
challenge of pulmonary rehabilitation.

With acute exacerbations of bronchiectasis influencing morbidity [94], reducing the
frequency has broad clinical implications. While one trial found fewer exacerbations over
12 months and a longer time to first exacerbation with exercise training [83], this effect was
not replicated in those commencing pulmonary rehabilitation during an acute exacerbation
[82] and the precise mechanism for this effect is unclear.

Future research on pulmonary rehabilitation

We suggest that future research on pulmonary rehabilitation in bronchiectasis should focus
on the following questions. Is the extent of the clinical effect of pulmonary rehabilitation
influenced by the underlying cause of bronchiectasis or by disease severity? What is the
effect of other modes of pulmonary rehabilitation, including home-based and
tele-rehabilitation in bronchiectasis? What are the optimal choices for education and

Table 4. Educational topic options for pulmonary rehabilitation programmes in bronchiectasis

Topic Reason for inclusion

Self-management Provide knowledge for symptom recognition and
management, and facilitate the development of action
plans to maximise health in consultation with a health
professional. Emphasis is on the importance of adherence
to therapies.

ACTs Provide knowledge, instruction and skills in ACTs to enhance
sputum clearance when required.

Nutrition/healthy eating Understand the importance of nutrition and maintaining good
nutritional status.

Disease pathology Provide knowledge of underlying respiratory disease and risk
factors.

Rationale for ongoing home
exercise training

Understand role of exercise and physical activity, importance
of avoiding a sedentary lifestyle and provide information
related to appropriate modes of exercise.

Energy conservation and
relaxation

Provide knowledge and strategies to conserve energy during
activities of daily living and implement relaxation
techniques for individuals suffering from breathlessness.

Role and correct use of
medication

Provide knowledge and practical skills for the correct and
appropriate use of medications, including oxygen therapy
when prescribed.

Psychosocial support and
coping strategies

Provide support and skills in emotional management for
anxiety and depression.

Managing breathlessness Provide knowledge and practical skills for breathing control
strategies during exercise and other activities.

Continence and sexual intimacy
issues

Provide knowledge as to reasons for continence and sexuality
issues and offer both strategies and further follow-up as
required.

Swallowing Provide knowledge as to consequences of swallowing
difficulties, including gastro-oesophageal reflux, and
approaches to minimise these symptoms.
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self-management for bronchiectasis, considering the perspectives both of an individual with
bronchiectasis and of a healthcare professional, and how should these be delivered? How
can a long-term benefit from pulmonary rehabilitation in bronchiectasis be achieved and
what is the impact of pulmonary rehabilitation on healthcare utilisation? How often should
pulmonary rehabilitation be repeated to achieve optimal outcomes?

Physical activity and sedentary time in bronchiectasis

Definitions

Physical activity is defined as any bodily movement produced by skeletal muscles that
results in energy expenditure [95, 96]. Exercise has been described as a subset of physical
activity that is planned, structured and repetitive and has as a final or an intermediate
objective the improvement or maintenance of physical fitness [95]. The widely accepted
definition for sedentary time is the time spent in a seated or reclining posture with low
energy expenditure; it refers specifically to waking time and therefore excludes sleep [97].
Physical activity and sedentary time are different constructs and are not simply at opposite
ends of a continuum of physical activity [98].

Importance of physical activity and sedentary time in bronchiectasis

The recent European Respiratory Society bronchiectasis guidelines recommend that people
with bronchiectasis and impaired exercise capacity should participate in pulmonary
rehabilitation programmes and take regular exercise [26]. There is no specific
recommendation relating to targeting either physical activity levels or sedentary time. This is
somewhat at odds with the growing evidence (albeit not directly in bronchiectasis) that
reduced physical activity and high sedentary levels are associated with negative outcomes [99].

Although not specifically for bronchiectasis, there is growing evidence of the impact of
reduced physical activity levels and increased sedentary time in respiratory conditions, as
well as in older healthy adults [97, 100]. In respiratory disease, physical activity
interventions can reduce hospitalisations and mortality [101]. In the healthy population,
regular physical activity is associated with improved health outcomes in relation to the
prevention of chronic disease (such as cardiovascular disease, diabetes, hypertension, stroke
and depression) and premature mortality [96, 102]. In the healthy older population,
reduced sedentary time is associated with better function and mental health, fewer
depressive symptoms and generally improved well-being [95].

Recent research has described advancement in the consideration of the question “How many
steps per day are enough (10000 steps per day)?” There is now a graduated step index that
also includes step-based translations of public health recommendations for moderate-to-
vigorous physical activity. This concept has been described by TUDOR-LOCKE et al. [103] and is
summarised in figure 4. The base of the arrow indicates a minimal amount of recommended
steps for a subgroup. For example, the range for adults is 7000–8000 steps per day, at least
3000 of which should be accumulated at a brisk pace. It should be emphasised that this is only
a threshold and the arrows indicate that more is even better. This concept proposed by
TUDOR-LOCKE et al. [103] could be used in bronchiectasis to stratify and motivate patients to
achieve a steps-per-day increment coinciding with public health guidelines. It is notable that
there is little information to quantify the sedentary time threshold associated with reducing
clinically relevant risks, and this is an important gap in the literature.
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Exploration of patterns of physical activity levels and sedentary time in bronchiectasis has
shown that people with bronchiectasis exhibit high levels sedentary time and lower levels of
physical activity than the recommended guidelines for physical activity [97, 98, 103, 104];
additionally, these levels are lower than for healthy populations [62]. People with
bronchiectasis appear to have a similar sedentary behaviour and physical activity profile to
those with COPD, despite usually being younger in age [62]. Current data confirm that people
with bronchiectasis also engage in a low volume of daily moderate-to-vigorous-intensity
physical activity, which is necessary to counteract the adverse effects of too much sedentary
time. Therefore, when designing interventions in bronchiectasis, researchers may need to
consider the impact of patients’ baseline sedentary time and behaviours as well as their
current physical activity levels.

How to assess physical activity and sedentary time

There is consensus that self-reported measures of physical activity and sedentary time
(usually using questionnaires) have limitations in terms of validity and reliability. However,
self-reporting is important for examining the context of physical activity behaviour (e.g.
walking, using stairs, gardening) and ascertaining specific sedentary behaviours (e.g.
reading, watching TV, sitting on a train). Motion sensors can facilitate objective assessment
of physical activity and include simple tools like pedometers or more complex
accelerometers that offer more precise measurement of physical activity. The added value of
more sophisticated monitors is the additional parameters they measure, such as intensity of
activity, bouts of activity/inactivity, and time spent sitting, lying and standing. A combined
approach of self-reporting and direct/objective measurement would facilitate a more
comprehensive exploration of physical activity and sedentary time [97, 105].

Interventions to target physical activity and sedentary time

The role of pulmonary rehabilitation is well established and it is recommended in
bronchiectasis. Pulmonary rehabilitation is specifically designed to improve exercise
capacity and quality of life and does not specifically include components that target
physical activity and sedentary time/behaviour. While there are no specific studies in
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Figure 4. Recommendations for how many steps per day are enough for adults. Note that additional benefits
can come from adding in vigorous intensity activity. Reproduced and modified from [103] with permission.
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bronchiectasis, there is a growing evidence base in other respiratory populations and
chronic conditions, as well as in healthy populations, that physical activity and
sedentary behaviours are modifiable.

Systematic reviews have shown that interventions targeted at increasing physical activity
and/or reducing sedentary time have shown statistically significant increases in physical
activity and decreases in total sedentary time, as well as alterations in sedentary behaviours.
Many trials have focused on optimising patients’ capability (i.e. psychological and physical
capacity to engage in the intervention), opportunity (i.e. outside factors that make the
behaviour possible, such as time, location and resources) and motivation (i.e. desire to
perform activity or reduce sedentary behaviour) to increase physical activity and/or reduce
sedentary time [62]. Some key strategies used in interventions have been identified and
these include self-monitoring, overcoming barriers and problem solving, relapse-prevention
management, goal-setting, feedback on performance, and developing action plans, coping
plans, social support and prompts [104, 106]. These strategies have been incorporated into
different formats for delivering interventions, such as walking programmes using
pedometers, internet-based programmes and tele-coaching programmes.

Personalising the intervention is likely to optimise its overall impact, as sedentary time
or physical activity or both can be targeted. For example, a clinician-facilitated physical
activity intervention using pedometers, known as the LIVELY Physical Activity
Intervention in Bronchiectasis [31], has been designed to promote increased walking/
step counts. An intervention called SitLESS has been designed to include components
to both increase physical activity and reduce sedentary behaviour in older adults [107].
Implementation of similar interventions in bronchiectasis will probably require the
integration of these within relevant policies and clinical practice guidelines, as well
as consideration of how they could be embedded within current care packages in
bronchiectasis.

Future research on physical activity and sedentary time

We suggest that future research on physical activity and sedentary time in bronchiectasis
should focus on the following questions. What measurement tools should be used to
provide a comprehensive assessment of physical activity and sedentary time? What is the
impact of physical activity and sedentary time on the disease trajectory of bronchiectasis?
How can interventions targeted at improving physical activity and sedentary time be
integrated into the current care package offered to patients with bronchiectasis?

Conclusion

Physiotherapy interventions are central to effective management in bronchiectasis because
of their potential impact on clinical outcomes such as symptoms, HRQoL and exacerbation
frequency. A personalised approach to management based on careful assessment, patient
preferences and identification of main barriers (i.e. treatment burden, lack of awareness of
perceived treatment benefit, or reduced motivation) will ensure that interventions are
specifically targeted towards an individual’s key problems and goals. This chapter has
raised relevant questions that will be important to answer in future research, in order to
facilitate physiotherapy clinical decisions based on strong evidence in bronchiectasis, as well
as provide rationale for investment in physiotherapy resources.
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| Chapter 21

Site of care and multidisciplinary
approach
Francesco Amati1,2, Andrea Gramegna1,2, Martina Contarini1,2,
Paolo Tarsia1,2, Angela Bellofiore1,2, Francesco Blasi1,2 and
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Bronchiectasis is a chronic respiratory disease characterised by heterogeneity in terms of
clinical and radiological presentation, aetiological diagnosis, microbiological features and
disease severity. Identifying bronchiectasis patients who require a specialist/tertiary care
follow-up is a major challenge in bronchiectasis. In different care settings, a multidisciplinary
approach is essential in the management of bronchiectasis to optimise pharmacological and
non-pharmacological treatment and to stimulate clinical research. This chapter will focus on
the role of each specialist involved in the multidisciplinary team and will provide a
description of patients who require a specialist/tertiary care follow-up.
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Bronchiectasis prevalence is rising, prevalence is up to 566 per 100000 in women and
485 per 100000 in men, and it is no longer considered a rare and neglected disease [1].

An increase in disease awareness is appreciable across different disease settings [2]. In view
of the substantial prevalence of the disease and its impact on healthcare systems and
patient quality of life (QoL) and outcomes, it is reasonable to think that physicians at
primary, secondary and tertiary/specialist care centres should share common strategies to
manage bronchiectasis patients [2–4].

This is particularly true in view of the heterogeneity of bronchiectasis, which is mainly due
to different pathophysiological mechanisms and aetiologies of the disease, leading to
different clinical manifestations, disease severity, treatment response and outcomes [5–10].
Accordingly, different healthcare professionals need to be involved in the disease
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management at various points, from the diagnosis to treatment, especially if the patients
need to be managed in a specialist setting (figure 1).

If a multidisciplinary approach is a typical feature of tertiary/specialist care centres and
could also be valid in bronchiectasis, an important area for improvement is the integration
between the three levels of care (primary, secondary and tertiary/specialist).

Finally, although several bronchiectasis guidelines have been published in the past 10 years,
the majority of the recommendations arise from expert opinion or are based on small
single-centre studies [11–14]. Therefore, a solid network between different specialist centres
across nations is crucial to identify clinical priorities and stimulate clinical research through
the use of shared registries and drug development [15].

Bronchiectasis management in primary and secondary care

Bronchiectasis suspicion and diagnosis represent important challenges for primary care
physicians. Current guidelines focus on bronchiectasis management and treatment, but do
not address the issue concerning the definition of bronchiectasis as a disease neither from a
radiological nor a clinical point of view [11]. With the widespread use of CT, the
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Figure 1. Approach for the management of adults with bronchiectasis using a multidisciplinary team
coordinated by a chest physician. ABT: antibiotic therapy; LTOT: long-term oxygen therapy; NIV: noninvasive
ventilation; QoL: quality of life; ENT: ear, nose and throat.
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radiological appearance of bronchiectasis has been frequently reported even in the absence
a clinical syndrome among patients undergoing this examination for unrelated purposes
[16]. In asymptomatic patients several factors such as age, reduction in artery diameter,
altitude and presence of traction bronchiectasis are involved in radiological misdiagnosis of
bronchiectasis [16–19]. Both the scientific and the clinical communities tend to agree that
only symptomatic patients (e.g. cough, sputum production and/or recurrent respiratory
infections) should be considered as having a chronic respiratory disease called
bronchiectasis [11]. In this regard, general practitioners have a key role in both suspecting
bronchiectasis, reaching a diagnosis and, subsequently, collaborating with secondary care
respiratory physicians in identifying the aetiology of the disease and discussing
difficult-to-treat cases [2]. Despite the fact that the majority of patients with chronic cough
might not have bronchiectasis, this diagnosis should be considered in patients with severe,
persistent or unusual respiratory tract infections and/or chronic purulent sputum and/or
recurrent haemoptysis [12, 20].

Although comprehensive care may be possible at a primary care level for some
bronchiectasis patients, secondary care level assessment is still appropriate to address,
perform and interpret specific tests needed to identify treatable aetiologies of the disease
[2]. This perspective is supported by data showing that delays in bronchiectasis diagnosis
are common and result in delayed treatment, which might accelerate disease progression
[21–24]. Finally, evaluation of a bronchiectasis patient at a secondary care level is essential
to build up an individualised patient management plan with the help of different healthcare
figures and including both pharmacological and non-pharmacological treatments [2, 20].

Referral to tertiary care

Tertiary care centres taking care of bronchiectasis patients exist across Europe with the goal
of managing patients with specific characteristics who are difficult-to-treat and/or require a
multidisciplinary approach. However, there is no consensus on the characteristics of those
patients who might benefit from tertiary care. Usual criteria for referral tend to include
disease severity, the presence of specific bronchiectasis aetiologies or comorbidities, the
need for special treatments and/or enrolment in interventional RCTs (figure 2) [12, 25, 26].

In recent years, two predictive scoring systems, the BSI and the FACED score, have been
developed and validated to assess disease severity in adult bronchiectasis [25, 26]. The BSI
was originally derived and validated against four different outcomes including mortality,
hospital admissions, exacerbations and QoL [26]. The FACED score showed excellent
performance in an internal validation study to predict mortality, but it cannot be used to
predict hospital admissions or end-points other than mortality [25]. However, a subsequent
study integrated FACED with the variable “exacerbations” (E-FACED) demonstrating an
increase in its predictability for future exacerbations and hospitalisations [27]. The concept
that mortality should be the only outcome to define the site of care decision in respiratory
diseases has been placed under discussion several times in recent decades. This has been
especially true for community-acquired pneumonia where other important factors, in
addition to mortality, are now considered in deciding the site of care for these patients
[28]. In bronchiectasis, BSI is the only scoring system which provides an accurate
evaluation of disease severity across four different outcomes and this supports its role as a
“real-world” decision making score in terms of identifying high-risk patients who may
benefit from specialist follow-up [29].

https://doi.org/10.1183/2312508X.10017117 355

SITE OF CARE AND APPROACH | F. AMATI ET AL.



Among adult patients with bronchiectasis, more than 50% are over 65 years of age and
comorbidities represent an important feature of this disease, conditioning poor outcomes [30].
Furthermore, it is clear that some aetiologies and conditions associated with bronchiectasis,
such as COPD or rheumatoid arthritis (RA), confer an increased severity and mortality risk
compared with other aetiologies [31–34]. Finally, in almost 35% of bronchiectasis patients, the
primary cause of death is attributed to nonrespiratory diseases [35].

Neither BSI nor the E-FACED scores consider the impact of aetiologies or comorbidities
associated with bronchiectasis. A specific index, the BACI, was designed in 2016 to identify
patients with conditions associated with bronchiectasis that are at higher risk of mortality,
exacerbations and poorer QoL [6]. Consequently, BACI could be used alongside the BSI
and E-FACED index to identify patients at higher long-term risk who might need tertiary
level care.

Despite the use of predictive scores that may be useful in identifying patients who require
specialist care evaluation and follow-up, some challenging situations are not intercepted by
the above scores. The 2010 British Thoracic Society (BTS) guidelines identified patients
who might require both secondary and tertiary care follow-up, including: those with
chronic Pseudomonas aeruginosa, MRSA or opportunist mycobacteria colonisation; those
with declining lung function or recurrent exacerbations (>3 per year); those receiving
prophylactic antibiotic therapy; patients with bronchiectasis associated with RA or immune
deficiency or IBD or PCD or ABPA; and finally those with advanced disease or candidates
for lung transplantation [12]. Some other conditions may require referral and follow-up in
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Figure 2. Step-wise approach to a bronchiectasis patient. CTD: connective tissue disease; LTx: lung
transplantation.
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a tertiary care setting: this would be the case for patients with recurrent haemoptysis or
those eligible for RCTs (table 1).

The composition and areas of action of the multidisciplinary team in
tertiary care

The management of bronchiectasis patients who require tertiary care is multifaceted, with
solid coordination among a broad range of healthcare professionals. Investigations and
management should be supervised by a chest physician with experience in suppurative lung
disease [12]. Within the team, a healthcare professional able to deliver tailored and efficient
respiratory physiotherapy has a central role [11, 12]. The chest physician can use most of
their specific competencies during the management of a bronchiectasis patient, ranging
from the performance and evaluation of pulmonary function tests and bronchoscopy, to
the management of acute and chronic respiratory failure and the use of noninvasive
ventilation. The management plan needs to be tailored to each individual patient based on
her/his disease severity, bronchiectasis aetiology, exacerbation frequency, sputum
microbiology, respiratory and nonrespiratory comorbidities [12]. For this reason, several
healthcare specialists are key figures within the multidisciplinary team (MDT) (figure 1 and
table 2). The multidisciplinary approach in bronchiectasis has major applications across
different areas of disease management and intervention, which are discussed in the
following sections.

Diagnosis and management of underlying causes

Bronchiectasis is the final manifestation of a large number of conditions, many of which
are treatable (figure 3) [7, 37].

An extensive bundle of tests to identify the aetiology of bronchiectasis is rarely performed
in primary, and sometimes even in secondary, care settings. No data are currently available
on the evaluation of quality standards for bronchiectasis care at a primary level. Data from

Table 1. Patients requiring follow-up at a tertiary care level

Patients at high risk according to BSI and/or FACED score and/or BACI score
Patients with chronic infection
Patients infected by opportunistic mycobacteria
Patients with an underlying treatable disease (ABPA, PCD, CFTR-related disease, immunodeficiency)
Patients with ⩾3 exacerbations per year
Patients treated with long-term antibiotics (either oral or nebulised)
Patients with bronchiectasis associated with CTD
Patients with bronchiectasis associated with COPD or AATD
Patients with bronchiectasis associated with IBD
Patients with radiological or functional progressive impairment
Patients with recurrent haemoptysis
Patients with advanced disease and those considering transplantation
Patients eligible for RCTs

CTD: connective tissue disease; AATD: α1-antitrypsin deficiency.
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a recent Italian audit indicated that, across 32 secondary care institutions, only 32% of
bronchiectasis patients were tested for one of the treatable cause of bronchiectasis and no
aetiological testing had been performed in 59% of patients [38]. This study methodology
was adopted from an audit previously carried out by Hill et al. [39] in the UK, which
included both secondary and tertiary care centres. The UK audit showed that 68% of

Table 2. Specialists involved in tertiary care at a bronchiectasis clinic

Specialist Areas of interest

Chest physician (coordinates the
multidisciplinary team)

Diagnosis confirmation and investigation of aetiology
Performance and evaluation of pulmonary function tests
Bronchoscopy and other respiratory procedures
Management of respiratory failure, long-term oxygen

therapy, noninvasive ventilation, lung transplant
Pharmacological and non-pharmacological treatment
“Challenge test” for inhaled antibiotic therapy
End-of-life care
Follow-up of the patients

Immunologist Immunodeficiency suspicion and diagnosis
Ig replacement therapy in cases of primary immune

deficiency
Physiotherapist Airway clearance

Pulmonary rehabilitation
Inhaled therapy management

Nurse Coordinate input of other healthcare professionals
Support patients and their families to recognise

symptoms so as to avoid complications
Ensure patient’s adherence to treatment

Rheumatologist Evaluate coexistence of immunological disorders
Use of immunosuppressive drugs

Ear, nose and throat specialist Diagnosis and management of rhinosinusitis
Diagnosis and management of PCD
Diagnosis and management of CFTR-related disorders

Radiologist Diagnosis of bronchiectasis
Support aetiological diagnosis
Embolisation

Gastroenterologist Diagnosis and management of IBD
Diagnosis and management of gastro-oesophageal

reflux disease
Geneticist Diagnosis of genetic disorders
Microbiologist NTM isolation and classification

Isolation of fungi, bacteria and viruses in acute and
chronic infection

Cardiologist Diagnosis and management of right heart failure
Evaluate heart defects (e.g. in PCD patients)

Haematologist Secondary immune deficiency
Infectious disease specialist Evaluate clinical impact of NTM isolation

Management of acute and chronic infection
Psychologist Management of anxiety and depression

End-of-life care
Pharmacologist Management of long-term therapy
Andrologist Management of infertility
Paediatrician Transition from paediatric to adult service
Thoracic surgeon Indications for surgical approach

Lung transplantation
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patients had been investigated for at least one of the treatable causes [39]. The non-optimal
rate of testing could be explained by the following considerations: 1) performing a full
bundle of tests is highly costly and time-consuming; 2) some tests are not available outside
of very specialised settings; 3) a clinical perception of bronchiectasis as a “untreatable”
disease still might exist; and 4) the number of tertiary care/specialist bronchiectasis clinics
across Europe is still low [36]. Following the results of these two audits and the
considerations mentioned above, a substantial increase in the number of tertiary care
centres across Europe and their collaboration might be needed, along with a comprehensive
multidisciplinary approach to investigate bronchiectasis aetiology.

Genetic disorders

While the most common inherited cause of bronchiectasis is CF, multiple other genetic
causes have been found to underlie the disease such as PCD and α1-antitrypsin deficiency
[7, 40].

Genetic testing encompasses the use of specific assays to determine the genetic status of
individuals and laboratories should be equipped for both the direct analysis of mutations
and the analysis of a large number of polymorphisms [41]. Genetic counselling is also
crucial in order to assess transmission risk and give information about the nature, burden
and reproductive options of the genetic conditions associated with bronchiectasis [42].
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Figure 3. Median prevalence of each single aetiology of bronchiectasis. Boxes indicate the interquartile
range and whiskers the minimum and maximum data. CTD: connective tissue disease; DBP: diffuse
panbronchiolitis; AATD: α1-antitrypsin deficiency. Reproduced and modified from [36] with permission.
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Implications of genetic information are provided to individuals and their family and this is
the reason why, ideally, genetic counselling should be provided in conjunction with the
results of the genetic tests.

Immune deficiency

The presence of immune deficiency in patients with bronchiectasis is highly variable,
ranging from 2% to 18%, depending on the intensity of the work-up carried out in
different centres and settings [21, 43]. It is important to identify possible immune
deficiencies, particularly in idiopathic bronchiectasis with a history of recurrent pulmonary
and extrapulmonary infections and in patients with childhood onset of bronchiectasis [12,
44]. Any delay in detecting an underlying immune deficiency may result in a greater risk of
both radiological and clinical progression, with pulmonary and extrapulmonary
complications [45, 46].

Tests such as serum Ig levels, neutrophil count, serum electrophoresis and HIV status are
easy to perform and cost-effective, whereas other immunological evaluations should be
performed according to clinical history and require equipped laboratories along with a
multidisciplinary discussion with an immunologist [11, 12]. For example, the evaluation of
antibody responses to specific bacterial strains, such as Streptococcus pneumoniae 23-valent
polysaccharide vaccine, might require discussion with an immunologist due to both a large
variability in individual antibody response and the heterogeneity in testing protocols [11, 47].

Finally, depending on the identified underlying immune deficiency, specific treatments
might be considered, such as Ig replacement therapy in patients with antibody deficiency
[11, 12]. The latter is an excellent example of both collaboration of at least three healthcare
professionals (respiratory physician, immunologist and nurse) and interaction between
different levels of care.

Connective tissue diseases

The association between bronchiectasis and connective tissue diseases (CTDs), especially
RA, is well recognised and patients with coexistence of the two diseases seem to have
poorer prognosis [31, 33, 34]. A close collaboration between rheumatologists and
respiratory physicians is necessary to evaluate the clinical impact that both diseases
could have on each other and in the early detection of subclinical disease in patients
with clinical evidence of only one of the two diseases. In patients with coexistence of
CTD and bronchiectasis the use of immunosuppressive drugs is a thorny issue, in
particular in patients with bronchiectasis characterised by frequent exacerbations,
chronic colonisation or NTM isolation. In these patients the presence of bronchiectasis
may influence the decision against the use of immunosuppressive agents for the
underlying CTD [48].

Rhinosinusitis

A large body of evidence supports the association between lung diseases (particularly
asthma) and sinonasal disorders, with the development of the concept of “one airway, one
disease” due to the similar structure and function of the nasal and bronchial mucosa [49–
51]. This concept is especially applicable in bronchiectasis where the real prevalence of
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chronic rhinosinusitis (CRS) is as yet unknown. According to a recent study, 25% of
bronchiectasis patients had nasal polyposis and 77% had CRS, but other studies have found
the association to be less prevalent [7, 52]. An ear, nose and throat (ENT) specialist should
be part of the bronchiectasis MDT in view of their involvement not only in the diagnosis
and assessment of CRS, but also in the management of patients with PCD and
CFTR-related disorder. It reasonable to suggest that all bronchiectasis patients with
sinonasal symptoms should be referred to an ENT specialist.

Inflammatory bowel disease and gastro-oesophageal reflux disease

According to a recent systematic review, the prevalence of IBD in bronchiectasis patients is
close to 1% [7]. Bronchiectasis in IBD occurs more commonly in adult, nonsmoking
patients and the development of symptoms is generally reported after the clinical diagnosis
of IBD [53]. It also been suggested that colectomy could be a risk factor for the onset of
clinically significant bronchiectasis, probably due to a shift of the inflammation from the
bowel to the lung [54].

Support from a gastroenterologist is also necessary to identify gastro-oesophageal reflux
disease (GORD) in patients with bronchiectasis. Although the cause–effect relationship
between GORD and bronchiectasis has not been fully established, recent studies have
described an increase in pulmonary exacerbations and chronic infection with P. aeruginosa,
higher disease severity and reduced QoL in bronchiectasis patients with GORD [55, 56].
Given that GORD symptoms are highly variable and may be misleading, evaluation by a
gastroenterologist could be indicated for all bronchiectasis patients with severe disease or
frequent exacerbations or functional/radiological impairment, even if they are apparently
asymptomatic for GORD.

Airway clearance and pulmonary rehabilitation

Mucus clearance is considered the cornerstone of bronchiectasis treatment worldwide and
solid evidence for this is emerging [57]. This technique should be tailored to each
individual bronchiectasis patient and is usually delivered by a respiratory physiotherapist
[11, 12, 58, 59]. Along with airway clearance, pulmonary rehabilitation also has clear
benefits in bronchiectasis, in terms of QoL and exercise capacity. In order to achieve
long-term benefits it needs to be continuous [60–62]. Finally, respiratory physiotherapists
could also be involved in the administration of inhaled medications, including antibiotics,
and run a “challenge test” to assess inhaled antibiotic tolerability through the use of
pulmonary function testing [11].

Surgery and transplantation

Today, surgical options are rarely considered in bronchiectasis and are limited to selected
patients based on the best risk–benefit profile. Surgery tends to be considered in cases of
either localised disease in the context of frequent exacerbations despite optimisation of
bronchiectasis management or massive haemoptysis refractory to bronchial artery
embolisation [11, 63]. Data regarding long-term outcomes for bronchiectasis patients after
surgery are limited [11, 64, 65]. Lung transplantation (LTx) is a well-established treatment
for end-stage pulmonary disease, including bronchiectasis, and criteria for referral and
listing tend to be similar to those used for CF (table 3) [66, 67]. A few retrospective studies
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suggest that survival is comparable to LTx for other conditions and, in particular, CF [66,
68, 69]. The comparable survival might be the mirror of two divergent considerations:
patients with bronchiectasis are generally older than CF patients, but extrapulmonary CF
manifestations are rarely present [66]. In view of these considerations, close collaboration
with thoracic surgeons and with a transplant centre is necessary to identify patients eligible
for LTx.

Anxiety and depression

Bronchiectasis can result in anxiety associated with self-image and health perception, and
depression appears to be related to the perceived level of breathlessness in daily life and to
negative self-image of coughing and sputum [70]. Recent studies reported a prevalence of
anxiety of 18–55% and of depression of 13–34% in bronchiectasis patients [70–72]. The
input from a health psychologist or psychiatrist may be required in bronchiectasis
management especially to weight the impact of both conditions on patient QoL [71, 72].
Cognitive behavioural therapy has been shown to be useful in the management of these
problems [73].

Paediatrician and adult care

The presence of a paediatrician in the MDT makes sense in light of the possible transition
of bronchiectasis patients from paediatric to adult care. Despite the fact that the process of
the transition in clinical care from childhood to adulthood is well described in other lung

Table 3. Criteria for referral and listing for lung transplantation for bronchiectasis

Timing of referral Timing of listing

FEV1 that has fallen to 30% or a patient with
advanced disease with a rapidly falling
FEV1 despite optimal therapy

Chronic respiratory failure: with hypoxia alone
(partial pressure of oxygen <8 kPa or
<60 mmHg); or with hypercapnia (partial
pressure of carbon dioxide >6.6 kPa or
>50 mmHg)

Long-term NIV therapy

Pulmonary hypertension

Frequent hospitalisation

Rapid lung function decline

World Health Organization functional class IV

A 6-minute walk distance <400 m

Development of pulmonary hypertension in
the absence of a hypoxic exacerbation (as
defined by a systolic PAP >35 mmHg on
echocardiography or mean PAP >25 mmHg
measured by right heart catheterisation)

Clinical decline characterised by increasing
frequency of exacerbations associated with
any of the following: an episode of acute
respiratory failure requiring NIV;
increasing antibiotic resistance and poor
clinical recovery from exacerbations;
worsening nutritional status despite
supplementation; pneumothorax; or
life-threatening haemoptysis despite
bronchial embolisation

PAP: pulmonary arterial pressure; NIV: noninvasive ventilation.
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diseases, such as CF and PCD, no guidelines address the problem in bronchiectasis; it is
reasonable to assume that transition to the adult service will be prepared by the paediatric
management service involving an integrated care pathway [74]. Ideally, a specific transition
clinic should be set up, which will be a joint effort between paediatricians, an adult
bronchiectasis consultant, physiotherapists and a specialist nurse. At these clinical
appointments all aspects of patient care should be evaluated and explained to the patient
and their family.

End-of-life care

The patients and their relatives should be counselled about end-of-life care when they are
not suitable for transplantation or their deterioration has accelerated. This entails emotional
support for the patient and their family, providing comfort and alleviating pain, assisting
patients with self-care activities and helping patients make arrangements for dying. A
holistic care model should be developed integrating the principles of palliative and curative
care and establishing coordination between the primary, secondary and tertiary care
providers [75].

Other specialists to be included in the multidisciplinary team

Several other specialists, regardless of their time spent on bronchiectasis patients, are
involved within the MDT (table 2).

Nontuberculous mycobacteria and bronchiectasis: a tangible example
of the multidisciplinary approach

The presence of NTM lung disease in bronchiectasis patients, diagnosed according to the
American Thoracic Society (ATS) criteria, varies between studies from 5% to 30% [76–79].
International registries have been developed worldwide to better define the true incidence
of the problem [80]. Several challenges are involved in the diagnosis and management of
NTM. First, the respiratory tract can be colonised by NTM without clear symptoms or
signs of active disease [79]. Determining the contribution of NTM to the clinical and
radiological changes in bronchiectasis patients can be difficult and has an impact on
deciding the need for treatment [81]. Close collaboration with a radiologist and an
infectious disease specialist is of paramount importance in order to discriminate between
infection and colonisation. Second, NTM are reported to be difficult to culture in the
presence of P. aeruginosa colonisation and genetic testing for NTM requires a highly
equipped laboratory (e.g. identification of erm gene) [82, 83]. For the above reasons
microbiologists play a key-role in pathogen identification. Moreover, it is well known that
bronchiectasis and NTM are often clinically interconnected, but which condition arose first
in a patient is frequently a challenging question [81]. Susceptibility factors for the
development of NTM disease in a bronchiectasis population might also include specific
aetiologies, such as immunosuppression or CFTR mutations [79, 81, 84]. Consequently,
support from an immunologist and geneticist is often required. Finally, the burden of
treatment could outweigh the burden of the disease despite the availability of a wide-range
of treatment options, both surgical and pharmacological [79]. Therapeutic options might be
discussed with an infectious disease specialist, thoracic surgeon and pharmacologist, and
the role of comorbidities must be taken into account.
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Special population: the multidisciplinary team in primary ciliary
dyskinesia patients

A special argumentation of the role of the MDT in bronchiectasis is appropriate for PCD
patients, mainly because PCD is a systemic and highly heterogeneous syndrome and is
associated with high morbidity and mortality [85–88]. First, PCD diagnosis should be
considered in all bronchiectasis patients without an identified cause of bronchiectasis [12].
Respiratory physicians may need to either develop the competency for screening and diagnosing
the condition, or build a strong collaboration with a highly equipped centre for diagnosis [89,
90]. Second, most PCD patients suffer a higher disease severity burden, especially in terms of
lung function decline, chronic infections, frequent exacerbations, and worse sinus involvement
with nasal polyps and hearing loss [85–87, 91–93]. In this setting, efforts put in place by
respiratory physicians, physiotherapists and ENT specialists are much higher in comparison to
non-PCD bronchiectasis patients and are similar to CF patients. Finally, as PCD is a systemic
disease, other specialists should be integrated into the MDT including paediatricians, geneticists,
biologists, cardiologists, radiologists, ophthalmologists, andrologists, ENT specialists, thoracic
surgeons and heart surgeons [85, 94]. All these specialists provide a unique opportunity to
integrate multiple skills in the multidisciplinary approach and improve disease management.

The “bronchiectasis clinical programme”

A tertiary level “bronchiectasis programme” requires the presence of both a MDT and a
multidisciplinary approach to the management of the disease. The minimum quality
standard requirements needed to define a bronchiectasis programme are, as yet, uncertain;
including definition of which healthcare professionals must belong to the MDT. Based on
expert opinion, respiratory physicians, physiotherapists, nurses, clinical microbiologists,
ENT specialists and immunologists should represent the essential figures within the
“bronchiectasis programme” in a tertiary care centre. Another defining feature may be the
possibility of offering access to RCTs to patients.

While in other chronic respiratory diseases, such as CF, there is ongoing discussion about
the defining characteristics of centres involved in different levels of patient care, these
aspects have not yet been approached for bronchiectasis [74, 95]. It is reasonable to think
that a tertiary care bronchiectasis centre should manage a minimum of 200 patients. The
maximum number of patients followed in a tertiary care clinic will usually depend on
physical and staffing constraints.

One of the key considerations for specialist centres managing a large number of patients is
appropriate infection control. Specialist clinics are environments where patients with
bronchiectasis will come into contact with other patients with a theoretical risk of respiratory
pathogen cross-infection. A literature review conducted by European Multicentre
Bronchiectasis Audit and Research Collaboration (EMBARC)/European Lung Foundation
(ELF)/ERN-LUNG members was recently published, along with recommendations mainly
based on expert opinion: 1) patients should be informed that contact with other patients may
carry a risk of cross-infection; 2) clinics should have adequate space and ventilation;
3) during hospitalisation patients should be managed in single rooms with en suite facilities
to reduce the risk of patient-to-patient transmission of infection; and 4) where bronchiectasis
patients are managed within a CF service we suggest managing these patients according to
the same strict infection control procedures as patients with CF [96].
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Finally, the timing of follow-up is, to date, largely empirical and based on no clear
evidence. The 2010 BTS guidelines suggest that adults attending specialist care should have
annual spirometry performed, and those with immune deficiency or PCD should have
spirometry measured at least four times annually [12]. Sputum samples should be collected
every 3 months and routine repeat chest radiography or CT is not necessary, except if there
is a clinical need or in patients with immune deficiency in order to detect asymptomatic
progression [12].

The “bronchiectasis research programme”

In comparison with COPD and asthma guidelines where a number of recommendations
are based on strong evidence and multicentre RCTs, those for bronchiectasis mostly rely on
expert opinion. In addition, there are currently no licensed treatments for this disease [11,
12]. As a consequence, a “bronchiectasis research programme” should be contemplated at a
tertiary care level.

Joint collaborative efforts among and within specialist care teams through the use of
registries are needed to make a difference in the management of this previously neglected
disease [15, 97]. In addition, specialist care must ensure access to RCTs and the possibility
of performing high-level, collaborative, translational research [15].

It is well recognised that there is a large gap between basic and clinical research leading to
a “translation gap” in our knowledge of bronchiectasis. The collection of sputum, blood
and urine samples from bronchiectasis patients ensures a unique resource allowing future
genetic studies to understand the pathophysiology of bronchiectasis and identify new
targets for treatment [15, 98]. Inclusion of patients in RCTs is essential to ensure access
to a broad spectrum of treatment possibilities, such as inhaled antibiotics or anti-
inflammatory treatments with neutrophil elastase inhibitors [99–103].

National and international and networks focusing on bronchiectasis have been developed
in recent years, for example, IRIDE (Italy), PROGNOSIS (Germany), BRONCH-UK (UK),
RIBRON (Spain), The Bronchiectasis and NTM Research Registry (USA), RRNI (India),
ABR (Australia) and, finally, EMBARC, which is a network across 33 European countries
[98]. Networking among different specialist centres through the use of registries is crucial
in order to: 1) answer questions on the heterogeneity of the disease across different areas of
the world; 2) identify clinical end-points and outcomes; 3) derive and validate clinical
prediction tools; 4) standardise procedures among centres; 5) obtain funding from national
and international organisations; and 6) identify research priorities [15, 98, 104].

Patient flow across the three levels of care

Although the major principles of bronchiectasis care across the different levels may be
considered more than reasonable, there are neither observational/real life nor interventional
experiences evaluating patient flow across the three levels of care. This is mainly due to the
fact that, in the past, bronchiectasis was considered as a low prevalence, untreatable
condition. Just like other chronic respiratory conditions, such as COPD or asthma,
bronchiectasis management needs coordination between primary, secondary and tertiary
care [2, 22]. According to the available epidemiological data and based on the fact that
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some aetiological entities leading to bronchiectasis are also classified as rare diseases, a
“hub and spoke” model could be considered in the management of bronchiectasis [105].

The “hub and spoke” organisational model has been adopted since 2000 for techniques
such as coronary angioplasty in order to concentrate high-risk procedures in highly
specialised units [106]. The model has been subsequently adopted for care in other chronic
diseases, including rare conditions, such as pulmonary arterial hypertension and primary
immune deficiency [105, 107]. Thus, this healthcare model could be particularly suited to
bronchiectasis patients who require complex diagnostic techniques, multidisciplinary
management and access to specific pharmacological treatments (figure 4). Ideally, a few
“hub” centres within the same country could be considered as tertiary care centres and
develop specific bronchiectasis programmes to take care of difficult-to-treat or manage
cases. The activity of these “hub” centres could be integrated with that of peripheral centres
(the “spoke” centres) with specific expertise in bronchiectasis, but limited by the absence of
highly specific diagnostic approaches, such as cilia evaluation, or by the lack of some key
professional figures for a comprehensive multidisciplinary approach. “Spoke” centres should
be then able to round up patients from different settings, such as primary care and other
respiratory and nonrespiratory hospital departments with limited bronchiectasis care. Thus,
a dynamic flow should be put in place among “hub”, “spoke” and nonspecialised centres to
optimise bronchiectasis care.
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Figure 4. The “hub and spoke” organisational model for healthcare.
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| Chapter 22

Future directions: the next
10 years in research
Sanjay H. Chotirmall

A palpable recognition of the growing global importance of bronchiectasis is evident. This is
paralleled by increases in the quantity and quality of research in the field. To ensure we make
progress, continue on an upward trajectory and draft a realistic roadmap for bronchiectasis
research over the next decade, it is imperative to learn from past works and fully understand
the current research state. Most research performed to date is clinical and a need exists to go
back to basics and establish strong platforms for basic science and translational studies
focused on understanding pathophysiological mechanisms that drive disease onset and
progression. Such approaches will allow attempts at resolution of the unresolved heterogeneity
that persists in disease which has negatively influenced many clinical trial outcomes.
Elucidating specific disease endo-phenotypes, clarifying ethno-geographic variation and
building upon the strong clinical foundations already set for this devastating disease should all
be key priorities over the coming decade of bronchiectasis research.
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Aliberti S, eds. Bronchiectasis (ERS Monograph). Sheffield, European Respiratory Society, 2018; pp. 371–
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The next decade of bronchiectasis research necessitates endo-phenotyping approaches
to resolve inherent clinical heterogeneity http://ow.ly/Yva330ksJkB

The profile of bronchiectasis is on the rise. The disease is globally recognised because of its
increasing prevalence and complex medical, social and economic consequence for patients

and the healthcare systems caring for them [1–10]. The resurgence of bronchiectasis has occurred
for a number of reasons including greater use of radiology, increased physician awareness and
the recognition of overlap with asthma and COPD [2]. With increased focus comes the need
for increased research. Despite the publication of internationally applicable management
guidelines for bronchiectasis, only a single treatment has been recommended based on strong
evidence [3, 11]. In addition, there is not a single licensed therapy available and significant
knowledge gaps persist in terms of its epidemiology, pathophysiology and heterogeneity.

These observations raise important questions for bronchiectasis research. Have we used the
right methodologies? Have we selected the right approach? How have we managed the

Copyright ©ERS 2018. Print ISBN: 978-1-84984-097-2. Online ISBN: 978-1-84984-098-9. Print ISSN: 2312-508X. Online ISSN: 2312-5098.

Correspondence: Sanjay H. Chotirmall, Lee Kong Chian School of Medicine, Nanyang Technological University, Clinical Sciences
Building, 11 Mandalay Road, Singapore 308232. E-mail: schotirmall@ntu.edu.sg

Lee Kong Chian School of Medicine, Nanyang Technological University, Singapore.

https://doi.org/10.1183/2312508X.10017217 371

https://doi.org/10.1183/2312508X.10017217
https://doi.org/10.1183/2312508X.10017217
http://ow.ly/Yva330ksJkB
http://ow.ly/Yva330ksJkB
mailto:schotirmall@ntu.edu.sg


data? Going back to basics and fundamental scientific principles will probably be necessary
to see more definitive conclusions reached in research focused on this largely
heterogeneous disease. An imbalance persists; there is significantly more clinical rather
than translational or basic science focused research currently performed in bronchiectasis
(figure 1). Significant numbers of phase III clinical RCT have been conducted to assess
various therapies, none have had clear success. This recurrent failure does suggest we need
a re-assessment of our approach and potentially a clearer understanding of disease origins
requiring a “redressing of this imbalance” (figure 1) [9, 12–15].

The surge of clinical research in bronchiectasis is however welcome. Two large patient
registries across Europe and the USA have reported and, provide key data on, patient
demographics and disease patterns [6, 7, 16–21]. A consensus has been reached on the
definition of an “exacerbation” for both clinical and research use in bronchiectasis, a
milestone yet to even be achieved in CF [22]. More translational bronchiectasis-based
research focusing on airway microbiology, inflammation and the microbiome is also
emerging [23–29]. These works illustrate the complexity of disease, its inherent heterogeneous
nature and the difficulties encountered in translating research findings into clinical practice.

Bronchiectasis is a resurgent disease. To ensure progress, we need to first learn lessons from
the past and understand the present state of research. This permits us to map out a future
research strategy focused on how best to plan and perform research for this disease and its
associated emerging areas of clinical relevance.

Bronchiectasis research

Learning past lessons

One clear and consistent trend in past bronchiectasis research is the limited success of
drug trials. This was first evident two decades ago when recombinant DNAase showed

Key issues:

Heterogenous disease with phenotypic variation

Geographic variability in aetiology, microbiology and outcomes

Differences in clinical practice 
and exacerbations

Failure of clinical trials

Translational

Basic

Clinical

Figure 1. The current state of bronchiectasis research. Significant imbalance exists with “heavy” clinical and
“light” basic science research currently being conducted. Key issues for each research type are
summarised with red boxes indicating issues specific to clinical research only and grey boxes applicable to
all research types.
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an increased frequency of exacerbations and adverse events in bronchiectasis, a finding
in contrast to CF [15]. Further work with other drugs has reaffirmed the notion that
drugs for CF-associated bronchiectasis do not easily translate as expected, illustrating
the unique pathophysiology of the non-CF bronchiectasis state [9, 12, 13]. A summary
of the key “failed” clinical trials in bronchiectasis is provided in table 1 along with the
key lessons for learning from these experiences. Examples of lessons from other
sub-specialty areas include the use of FeNO in asthma and airway and systemic
eosinophil counts in severe asthma and COPD, respectively. This begs the question
about whether the right patient groups or trial end-points in bronchiectasis were
selected in the first place and, in view of disease heterogeneity, how best and what
parameters to use in selecting patients for future trials. To achieve this, we are probably
going to require a better understanding of disease pathophysiology at its root including
its natural history and the likely multiple patient endo-phenotypes that exist. This
approach allows better identification of suitable patients for appropriate therapeutic
interventions. An improved understanding of disease pathology is only possible through
establishing strong basic science research platforms, platforms that will assist to examine
alternative, appropriate and clinically relevant end-points that may be more appropriate
for clinical translation.

Table 1. A summary of the key failed clinical trials in bronchiectasis and potential learning
points

First author
[ref.]

Intervention
assessed

Outcome What can we learn?

O’DONNELL [15] Recombinant
DNAase

Increased exacerbation
frequency and adverse
events in treatment arm

CF-related bronchiectasis does
not have equivalence to
non-CF bronchiectasis

HAWORTH [12] Nebulised
colistin

Did not meet primary
end-point

Slow patient recruitment leads
to premature trial
termination

BARKER [13] Aztreonam Significant change in
QOL-B score in AIR-BX2
but not AIR-BX1

Highly heterogenous study
population used (many with
no exacerbation history and
relatively mild disease)

DE SOYZA [30],
AKSAMIT [31],
CHOTIRMALL [32]

Dry powder
ciprofloxacin

Significant prolongation of
the time to first
exacerbation and
reduced frequency of
exacerbations in 14- but
not 28-day regimen in
RESPIRE1 but not
RESPIRE2

Ethnic, geographic and
endo-phenotypic disease
variation exists; cultural
differences in clinical
practice; lack of central
radiological evaluation;
incomplete characterisation
of disease severity; high
concomitant rates of COPD;
2:1 randomisation design
while maximising therapy
exposure is susceptible to
differences in placebo group
behaviour because of
smaller size

QOL-B: Quality of Life Questionnaire-Bronchiectasis; AIR-BX: Aztreonam for inhalation solution in
patients with non-CF bronchiectasis.
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Studies focused on chronic macrolide therapy have shown benefit in reducing
bronchiectasis exacerbations; however, it is unclear which patient groups benefit most and
which may in fact be harmed by such treatment [8, 30, 31, 33, 34]. In fact, positive trial
findings have been attributed to small patient numbers from single centres which in turn
translate to the study of a more homogenous and comparable population. A better
understanding of specific mechanisms of drug action and/or its potential effects on airway
microbiology or the resident microbiome is necessary if we are to gain most from the
comprehensive and promising clinical studies [35]. This clearly illustrates that tackling
bronchiectasis heterogeneity must be a future research priority and one that needs
addressing over the next decade.

Inhaled antibiotics have been widely studied with variable and inconsistent results; another
lesson not to be ignored. Inhaled aztreonam and colistin have had mixed results while
tobramycin and gentamicin illustrated some marginal benefit [12, 13, 36, 37]. At the time of
writing, final results of the phase III ORBIT trials studying inhaled liposomal ciprofloxacin
are pending, however, data reported in abstract form illustrates that the primary end-point
of time to first exacerbation was met in ORBIT 4 but not its replicate ORBIT 3 trial
necessitating data pooling to illustrate treatment benefit [38]. The drug appears to work but
has variable effects across patient groups; going forward, we must try and understand why
this is the case. This pattern was again seen in the recently published RESPIRE trials that
studied dry powder ciprofloxacin [30–32]. RESPIRE 1 results were again not replicated by
RESPIRE 2 despite enriching for exacerbating patients with evidence of chronic bacterial
infection. Once again, data pooling suggests therapeutic benefit [30–32]. Additional key
lessons have emerged from the latter, including a clear illustration of the vast ethnic,
geographic and endo-phenotypic heterogeneity of bronchiectasis that make clinical trials
difficult to appropriately recruit for, robustly analyse and subsequently report in
homogenous fashion (table 1) [25, 26, 39, 40]. A clear message emerges: a need for better
classification and stratification of patients using precision medicine approaches. This is
necessary to achieve success in future trials. How can we do this? To start, we will need to
re-focus efforts on an improved mechanistic understanding of bronchiectasis pathology and
specific reasons and factors that promote disease progression.

Long-term antibiotic treatment represents another key lesson and case in point: in the new
European Respiratory Society guidelines, antibiotic prophylaxis is recommended for patients
with three or more exacerbations, however, only a minority of patients exacerbate at such
frequency and this therapy serves patients with the most advanced and severe disease best
[3]. Future fundamental mechanistic work focusing on host pathology, airway inflammation
and drug action may reveal specific (milder) patient groups that could benefit from such
therapy that is currently reserved for advanced and/or recurrently exacerbating disease.

Historical lessons must be learned (figure 1). Re-evaluating the way we perform clinical
trials in bronchiectasis is necessary and must include an assessment of how best to select
the “right patients” for the “right therapies”. Improving patient classification is only
possible with an improved understanding of disease mechanisms, which in turn will permit
more stratified and focused inclusion criteria. Most randomised clinical trials in their
design have failed to resolve the inherent heterogeneity in bronchiectasis and a more
precision-based approach must be considered. While exacerbations are a clinically useful
end-point, now strengthened by a consensus definition, other measurable end-points
specific to bronchiectasis should be examined and relate to the tested intervention and
patient sub-group being studied [22]. There is also significant ethno-geographic variation in
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disease aetiology, microbiology and clinical outcome in bronchiectasis representing a
challenge for international collaborative research [31, 32, 41]. Most current data focuses
on Western Europe and the USA illustrating that further work is needed from Eastern
Europe and Asia [26, 42–44]. Beside “genuine” differences based on geography, variability
does exist in clinical practice, referral pattern, patient evaluation and treatment of exacerbations
in bronchiectasis across countries; an issue requiring careful consideration in future research.

While the need for strong evidence to substantiate therapeutic or other interventions in
bronchiectasis is clearly an important task for the next decade of clinical care, a key lesson
of the past, one heeded from CF should be acknowledged. The importance of treatment
based on biological plausibility alone should not be underestimated; the combined use of
antibiotics, airway clearance and nutrition reduced mortality and improved the lung
function for CF patients well before the recent emergence of CFTR specific approaches.
The use of clinical management strategies without the immediate availability of RCT has
gained much for CF care and there is a view that a similar approach be considered for
bronchiectasis.

Our present state

The majority of bronchiectasis research has been descriptive and clinically focused.
Significant data from two large registries have reported valuable insight into disease
demographics and pattern [6, 7, 16]. This is supplemented by important data from other
countries and an understanding that the evaluation of comorbidities associated to
bronchiectasis affects disease outcome [43, 45]. Some relationships with airway
microbiology have been established, for instance Pseudomonas aeruginosa is associated with
increased exacerbations, hospital admissions, cost of care, mortality and a poorer quality of
life [5, 7, 40, 46–53] while Staphylococcus aureus appears to be of lesser importance [54].
Attempts at clinically phenotyping bronchiectasis have largely resulted in re-affirming
rather than resolving its heterogeneity; P. aeruginosa was the only consistent phenotype
observed between studies across Europe and Asia [40, 55–57]. The recent characterisation
of the bronchiectasis “exacerbator phenotype” is an important advance for future research.
By illustrating its stability over time, this identifiable unique subset of patients are now
amenable to dedicated clinical trials focused on reducing exacerbations [58]. Definable
“clusters” of patients with bronchiectasis should be elucidated in future work, ones that are
delineated by mechanisms driving their disease, for instance recognition of “eosinophilic
bronchiectasis” [10, 59]. At present, clinical scoring systems for bronchiectasis exist;
however, there are no validated biomarkers for disease severity, disease progression or
exacerbations [5, 60]. Important translational work focusing on neutrophil elastase activity
and serum desmosine have illustrated important associations with disease severity, lung
function decline and response to treatment [24]. While the present state of bronchiectasis
research is healthy, it is clinically dominated and dedicated research focused on the basic
science and translational aspects of disease are required and should emerge over the next
decade as disease renaissance continues.

Mapping out future directions

A comprehensive and evidenced-based approach to research priorities in bronchiectasis has
been published by the European Multicentre Bronchiectasis Audit and Research
Collaboration (EMBARC), formed to promote high-quality research in bronchiectasis. By
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using a modified Delphi process among European bronchiectasis experts, a consensus was
reached on 55 key research priorities [39]. In parallel, the European Lung Foundation
(ELF) obtained data from adults with bronchiectasis (and their carers) from 22 countries
(through questionnaires) which examined research priorities from a different perspective.
The main areas prioritised by experts and patients are summarised in table 2 and the most
appropriate research approach to best address each of them is indicated. This excellent
roadmap defines the road ahead for bronchiectasis research; we know where we want to go
and now need to establish the best mechanisms, optimal methods and robust techniques to
achieve it.

Basic science
While most bronchiectasis research has focused on clinical data supplemented by
important translational work, the next decade of research should include going back to
basic science and studying fundamental mechanisms of disease onset and progression
(table 3). This can take a variety of forms: work focused on the host airway epithelium
from primary cultures from patients with bronchiectasis can be supplemented with
immune–inflammatory studies focused on basic neutrophil and eosinophil biology, both
key immune cells detected in airways of patients with bronchiectasis. Co-culture infection
model systems in vitro may also be explored and the study of innate and adaptive
immunity across the spectrum of mild-to-severe disease should be undertaken. While such
studies do pose significant challenges to establish and importantly correlate with the in vivo
bronchiectasis state, in vitro and ex vivo studies focusing on the science and mechanisms of
bronchiectasis and its associated infection, inflammatory and immune consequences will
provide deeper insights into the disease’s pathogenesis that will be critical to address.

Bronchiectasis is a classical age-associated disease, its prevalence and severity increases as
one gets older [1, 61, 62]. Age-associated pathways, described from studying normal
physiological ageing, and understanding their relevance and application to bronchiectasis

Table 2. Summary of the main research priority areas defined by bronchiectasis experts and
patients

Defined by Type of research required

Bronchiectasis experts
Acute and long-term suppressive antibiotic therapy Basic, translational and clinical
Exacerbation Translational and clinical
Epidemiology Clinical
Outcomes, prognosis and healthcare utilisation Clinical
Microbiology and microbial diagnostics Basic, translational and clinical
Aetiology, radiology and pulmonary function tests Translational and clinical
Physiotherapy and pulmonary rehabilitation Clinical
Pathogenesis and mechanisms of the disease Basic and translational
Non-antibiotic and anti-inflammatory therapies Basic, translational and clinical

Patients (and carers)
How bronchiectasis is managed by doctors Clinical
Self-management by patients Clinical
How each person’s bronchiectasis is monitored Translational and clinical
How bronchiectasis is treated Basic, translational and clinical

A proposed research approach to address the research priority areas is provided in [39].
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particularly in younger patients and those with idiopathic disease, may uncover “targetable”
novel and important pathways with important roles in disease pathogenesis. WNT
signalling, mammalian target of rapamycin and toll-like receptor-related mechanisms are
all associated with immunosenescence but their relevance to bronchiectasis is uncertain and
should be evaluated [26, 63–72]. Existing work has identified telomere dysfunction and
senescence-associated pathways in lung explants from patients with bronchiectasis
suggestive of their likely importance in disease pathophysiology but further detailed and
appropriately controlled work is necessary going forward [73].

One major challenge in performing both basic science and translational studies relevant to
human bronchiectasis is the lack of a robust animal model to re-capitulate human disease.
This is largely because of the heterogeneous nature and variability between the identifiable
aetiologies. However, potential does exist for the development of such a model focused on
particular aetiologies such as NTM-associated disease. Well-characterised animal models
for other challenging chronic inflammatory respiratory states including steroid-resistant
asthma and COPD have been established giving encouragement that a comparable
“aetiology-driven” or “chronic infection” model with relevance to human bronchiectasis
has the potential for establishment [74–80]. Such model systems will provide invaluable
tools for researchers to permit more mechanistic-based studies for this disease and to
advance the field.

Translational
Translational research studies for bronchiectasis are likely to be the area of greatest
expansion in terms of research over the next decade (table 3). Airway microbiology in
bronchiectasis is complex and has been reported through various registry reports [6, 7, 16].
While traditional culture continues to be used in prognostication and guiding antimicrobial
therapy, culture independent sequencing technologies have provided greater insight into the
microbial composition and diversity within airways affected by bronchiectasis. Important
translational work focused on the airway microbiome has been performed: existing data
reveal the association of Haemophilus and Pseudomonas spp. with airway neutrophilia, the
lack of variation during an exacerbation or with antibiotic use and importantly that not all
“frequent exacerbators” are explained by the presence of airway infection [24, 26–28, 81–89].
A key future direction for microbiome studies in bronchiectasis should include a better
understanding of its functional consequences with regard to changes in its composition,
diversity, correlates of clinical disease and host immunity [24]. While intermittent work
exists focusing on the role of viruses in bronchiectasis and their exacerbations, dedicated

Table 3. Future directions for bronchiectasis research

Basic science Translational Clinical

Cell and molecular biology Functional implication of the
microbiome and mycobiome

New drugs and new targets
Dedicated animal models

Treatable and targetable traits
New approaches to clinical

trialsKnowledge from other
processes (e.g. ageing) Multi-omics and metagenomic

approaches to endo-phenotyping
Improved patient

stratification and
prediction toolsPatient trajectories

Optimal use of registry
datasets

Effect of the environment on disease
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work on the virome and even mycobiome are necessary [88, 90–119]. Viruses have an
important role in the development and progression of bronchiectasis in susceptible hosts
and do require dedicated study. Work on the role of viruses in exacerbations is also
important but must account for their presence in the stable state requiring longitudinal study
designs with follow-up sampling [93]. The role of fungi in bronchiectasis is less clear but is
identified as a research area of priority by the published consensus statement [39].
Anatomically distorted airways are at increased risks of fungal acquisition and infection. The
role of Aspergillus spp., the major filamentous and airborne fungus, and any associated
disease states should be examined in bronchiectasis owing to its well established pathological
consequences in CF and its detection in the airway of significant numbers of patients with
bronchiectasis [99–102, 104, 106–111, 120–124]. Understanding the composition and role of
the mycobiome will be an experimental and bioinformatic challenge but one likely to be
addressed over the next 10 years of bronchiectasis research, one with potential clinical
relevance that has been largely unexamined to date [97, 98, 119, 124–126].

The inherent heterogeneity in bronchiectasis suggests that several endo-phenotypes exist.
While providing a significant research challenge, this belief will likely frame a number of
research approaches for the disease over the coming years. First, the “treatable” and
“targetable” traits concept borrowed from asthma and COPD may be applicable in
bronchiectasis and further work is needed to establish the defined benefits of such an
approach [10, 127–130]. Determining what should be “targeted” and “treated” in what
patient, setting and stage of disease are all key research avenues for exploration. How
microbial or immuno-inflammatory “traits” at disease onset, progression or at exacerbation
may influence a particular patients endo-phenotype is important to integrate into future
translational studies [130, 131].

There are always exceptions to the norm, and such exceptions represent a key opportunity
for research. These are important groups of patients requiring focused translational study
to improve our disease understanding. Why don’t all smokers develop COPD or lung
cancer for instance? It comes down to risk at an individual level. How this relates to
bronchiectasis is a difficult but important body of work to be addressed in the future.
What makes an individual high risk for the condition? Can such risks be acquired? Which
cases of TB develop the most aggressive bronchiectasis? These are just a few questions
focused on risk assessment that will need answering to improve our prevention and early
detection of bronchiectasis.

Once bronchiectasis has been identified, the molecular and clinical “trajectory” that a
patient will follow can be variable. A better understanding of such “trajectories” is
important including key factors that influence them. Knowing the disease activity, severity
and the active targets in an individual patient will dramatically alter our approaches and
trial designs. These urgently require longitudinal and translational studies in bronchiectasis.
Similar to CD4 counts and viral loads in the management of HIV or exacerbation patterns
in asthma, knowing where a bronchiectasis patient currently is represents one aspect of
disease but where they are heading and how quickly may be even more important to
understand.

To make progress in this area, the fundamental difference between prognosis, severity and
disease activity in bronchiectasis, all somewhat mutually exclusive, needs to be understood.
Prognosis can be viewed as the route or end-point of a patient’s disease “trajectory”, a
feature of bronchiectasis potentially influenced by appropriate intervention. Disease severity
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represents where a patient actually is at the time of its assessment, a “snapshot in time” per
se informing us about disease burden. Although robust assessment tools, such as the BSI,
have been developed to assess bronchiectasis severity across populations, it is rather
restrictive when informing clinicians about how “active” a particular patient’s disease has
been over a defined time-period [5]. To appreciate the latter requires a focus on “disease
activity”, measuring how “active” the pathogenic process driving a patient’s bronchiectasis
is at a particular point in time. The cardiology correlate for “disease severity” would be the
ECG providing a “snapshot in time” while “disease activity” can be measured by functional
testing with an echocardiogram. The development of new therapies for bronchiectasis has
been challenging which, at least in part, may be due to our focus on “disease severity”
rather than assessing “disease activity”. Interestingly, however, the bronchiectasis
“exacerbator phenotype” remains stable over time suggesting that we need to look beyond
clinical assessment alone to define “disease activity” [58]. Our likeliest route is the
development of noninvasive biomarkers with longitudinal potential (e.g. neutrophil
elastase) to identify periods of high “disease activity” offering an opportunity for
intervention to slow or arrest disease bronchiectasis progression [24].

A major challenge for translational research in bronchiectasis is how to integrate the
multiple facets of microbiological, inflammatory, immune and clinical data to better
understand clinically relevant endo-phenotypes of disease. Use of systems biology and
integrated multi-omic platforms (e.g. proteomics, transcriptomics and metabolomics) is an
important method for future research which has had great success in other respiratory
diseases such as severe asthma in the Europe-wide U-BIOPRED studies [132, 133]. We
summarise the various available “omics” approaches and speculate on their usefulness in
the proposed resolution of bronchiectasis disease endotyping (figure 2). With the
application of omic-related technologies in the bronchiectasis clinic, simple questions must
first be addressed. Why do we need it? What will they mean? When should we use it? How
do we do it? It is unlikely that there will to be any single approach to therapy for
bronchiectasis that will suit all patients and by meticulous endo-phenotyping, through use
of multi-omics, we will be best positioned to offer a personalised medicine approach in
bronchiectasis [10].

Other important areas of translational research in bronchiectasis include genetic and
epigenetic studies, the application of metagenomics to airway specimens and an improved
understanding of ethno-geographic variability and the environmental influence on disease
and its treatment [30, 31, 39, 134]. Integration of rich datasets collated by international and
country-based bronchiectasis registries coupled to the prospective translational research
initiatives being developed must be prioritised over the next decade if we are to make “real”
progress in resolving the heterogeneity that currently plagues our understanding of this
disease [6, 7, 16].

Clinical
Most dedicated bronchiectasis research has been strongly clinically focused. This significant
body of important work has improved our understanding of this orphan disease that
should be further built upon over the next decade of research (table 3).

The recent European guidelines for the management of bronchiectasis in adults clearly
highlight the lack of therapeutic options available for patients [3]. Therefore, an urgent
need for new drugs and new targets is critical, an approach requiring focus on the various
stages of “Cole’s vicious cycle” that are amenable to intervention. Important aspects of
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disease pathogenesis such as bacterial infection, airway and systemic inflammation,
mucociliary clearance and epithelial dysfunction can all be targeted and have been reviewed
elsewhere [10]. Re-focusing prior unsuccessful research efforts, through a personalised
endo-phenotyping approach and at airway neutrophil elastase inhibition should be
considered in a future research roadmap for bronchiectasis therapy. Other innovative
pharmacological approaches for bronchiectasis requiring future research include the
potential use of CFTR correctors, epithelial sodium channel inhibitors and cathepsin C/
dipeptidyl-peptidase I or phosphodiesterase type 4 inhibition [10].

Most clinical associations in bronchiectasis have been unilateral, for example P. aeruginosa
with exacerbations and mortality [49, 53]. However, it is likely that different factors have
differing effects at different times and in select patient groups. Consequently, contrasting
patterns in disease outcomes and treatment response will be observed even in groups of
patients classified by a single factor known to influence disease [49]. Therefore, in addition
to new drugs or targets, a fresh approach to clinical trial design and patient selection are
clearly necessary for bronchiectasis. How this should be done must be based on research
and initial attempts should assess “responders” versus “non-responders” in past trial
failures [30–32]. The development of patient stratification or risk prediction tools will
further optimise clinical phenotyping and molecular endotyping attempts in bronchiectasis.
In future antimicrobial trials, patients at highest risk of adverse drug effects or the
development of resistance must be identifiable at source or as early as possible. Future
clinical research devoted to the airway “resistome” should be evaluated in bronchiectasis.
Methodology to accomplish this for instance may include pathogen phenotyping by
next-generation sequencing and consideration taken to try and make “change to resistome”
an additional hard clinical trial end-point in future bronchiectasis research, particularly in
view of global and public health concerns about antimicrobial resistance.

Genomics
Genetic variants associated with
disease, treatment response 
or prognosis
Epigenomics
Genome-wide characterisation of the
modification of DNA or DNA-associated
proteins (e.g. methylation or acetylation)
Transcriptomics
Genome-wide RNA levels assessed
quantitatively and qualitatively

Metabolomics
Simultaneous quantification of multiple
small molecule types (e.g. amino acids,
fatty acids, carbohydrates and other
products of cellular metabolic functions)
Microbiomics
Examination of all micro-organisms
of a given community

Inflammatory

Multi-omic technologies Potential bronchiectasis endotypes

Immune
(e.g. B-cell 
or T-cell)

Infection
(e.g. neutrophil 
or monocyte)

Allergic
(e.g. basophil 
or eosinophil)

Figure 2. A summary of the various available “omics” technologies and their use in understanding potential
endotypes of bronchiectasis. All bronchiectasis is “inflammatory”, however, specific sub-types (which
overlap) may exist including disease driven by infection, immune dysfunction and/or allergy in different
proportions in individual patients.
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The use of standardised data collection methods, through registries in the UK and USA, has
been powerful and provided key information sources for bronchiectasis research [6, 7, 16].
Guidelines focused on defining exacerbation (and exacerbation frequency as a parameter for
the initiation of chronic antimicrobials), assessing quality of life and patient-reported
outcomes of disease are all recent advances made in bronchiectasis. The next phase of
future research should, however, serve to further improve and refine these and devise
additional measures that will be useful in future research and everyday clinical care [135,
136]. Well-designed research dedicated to evaluating prevention measures should also be
addressed in the future. This includes the prevention of exacerbations, cross-infection,
development of antimicrobial resistance and disease progression.

Emerging areas and key challenges

There are important emerging areas in global academia that will have major relevance for future
bronchiectasis research (figure 3). Artificial intelligence and digital health hold great promise
for respiratory disease in general and this includes bronchiectasis [137]. These emerging fields
have potential effects on the diagnosis and early detection of bronchiectasis using standardised
radiological approaches. It is not inconceivable that “very early” bronchiectasis may be
detectable on radiographic scans that aren’t appreciated by the human eye due to limitations in
our own range of visual detection, one potentially overcome with newer technologies and
machine learning. Monitoring treatment responses and the identification of treatment response
patient trajectories is also possible through newer approaches that may even uncover subclinical
endo-phenotypes before they become clinically apparent.

Use of interdisciplinary teams is an important approach to answer “grand challenges” and
should be considered in bronchiectasis research [138]. Collaboration with mathematicians
for instance may provide logical approaches such as algorithm derivation to assist
deciphering the “big data” obtained from systems biology-based endo-phenotyping. Such
algorithms aid risk stratification and outcome prediction for patients and will positively
impact on both research and clinical care in bronchiectasis.

Overlap syndromes are an emerging challenge in respiratory medicine and bronchiectasis
can overlap with most major respiratory disease states including asthma and COPD [2, 139, 140].

Emerging areas and challenges

Study 
design

Derive
patterns and 

their
associated
outcomes

Data
analysis

Determine
effectiveness

Artificial intelligence

Mathematical algorithms and modelling

Overlap syndromes

Precision medicine

Figure 3. Emerging areas and major challenges for bronchiectasis research over the next 10 years.
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How bronchiectasis-overlap relates to bronchiectasis without overlap is an important aspect
for future research. Is the bronchiectasis the same? How are they diagnosed and treated?
How is prognosis affected? These are just some of the key questions that require focused
research that are only beginning to be addressed [141, 142].

Key challenges exist in conducting bronchiectasis research (figure 3). Disease heterogeneity
means major challenges for study design and targeting sub-populations of clinically
relevant patients. How data generated from such studies is analysed, a particular challenge
when “big” multi-omic data integration is required, is another area to be addressed. Big
data comes with big challenges: bioinformatics challenges that need to be conquered. How
relevant clinical patterns and their associated outcomes are established is also important as
are validating their findings. To address the genomics of bronchiectasis, we must consider
how best we can utilise populations in which the disease is enriched. A better
understanding of geographic and ethnic variation to disease and the influence of the
environment also represents key challenges for future bronchiectasis research: do patients
in different countries and environments reach the same disease end-points by comparable
or differing mechanisms? At present, we have more questions than answers, a situation that
needs addressing over the next 10 years of bronchiectasis research.

Conclusion

The majority of current and past bronchiectasis research is clinical. To redress this
imbalance, we need to go back to basics. The next 10 years of bronchiectasis research
requires greater emphasis on the basic sciences and more translational studies that together
share the aim of better understanding mechanisms of disease pathogenesis and progression.
Resolving the inherent heterogeneity currently plaguing clinical trials, the ability to get
therapies licensed and the efficient delivery of clinical care in bronchiectasis must be a
priority over the next decade of research investment in order to improve patient care for
this devastating condition.
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Case 1
Andrea Gramegna

@ERSpublications
Case 1: how would you manage this 50-year-old male with persistent cough and purulent sputum?
http://ow.ly/Yva330ksJkB

A 50-year-old, male lorry driver has presented with persistent cough with expectoration of
purulent sputum for years (mucopurulent), occasionally mixed with a small amount of
blood. For the last 2 years, he has had recurrent respiratory infections (a median of five
episodes per year), treated with antibiotics. He also complains of unintentional weight loss
of 4 kg in the last year. He does not report chest pain or shortness of breath.

The patient is a former smoker, having quit 1.5 years ago; he has no other addictions. He
has suffered two episodes of pneumonia during childhood, one with hospitalisation; he has
no history of pulmonary TB and no chronic conditions.

Figure 1. Chest HRCT. Two different slices from the same tomography.
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On physical examination, his body temperature is normal, breathing rate is 18 breaths per
min, arterial oxygen saturation is 95% (room air) and BMI is 18.5 kg·m−2. There is no
lymphoadenopathy or cyanosis. On chest auscultation, there is diminished breath sound
with bilateral rales. Other systemic examination is normal.

Pulmonary function testing reveals an FVC of 76% predicted, FEV1 58% of predicted and
FEV1/FVC 65%. Arterial blood gas analysis shows pH 7.46, carbon dioxide tension
35 mmHg, oxygen tension 73 mmHg, bicarbonate concentration 24.5 mmol·L−1 and lactate
concentration 1 mmol·L−1. The results of HRCT are shown in figure 1.

What do you think is the best next step in patient management?

a) Consider this case as post-infective bronchiectasis
b) Consider this case as COPD-related bronchiectasis
c) Further aetiological testing: blood count, Ig, ABPA testing, and sputum culture for usual
bacteria and mycobacteria

d) Further aetiological testing: blood count, Ig and CFTR genetic analysis
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Answer

a) Incorrect. Although post-infective aetiology accounts for the majority of “known” causes
of bronchiectasis in published cohorts, physicians should always consider the co-existence
of more than one cause/predisposing factor in the same patient. Furthermore, the
definition of post-infective bronchiectasis might suffer from several limitations: a recall bias
when the patient gives a history of respiratory infections from several years previously, and
the lack of a consensus on the type/severity of infection or the acceptable time between
infection and bronchiectasis appearance.

b) Incorrect. The association between bronchiectasis and obstructive respiratory disease, such
as COPD, is not fully understood. In clinical practice, bronchiectasis patients often report
COPD as a comorbidity or a co-diagnosis. Patients with bronchiectasis and airflow
obstruction (even if they are nonsmokers) and those with a prior diagnosis of COPD who
develop bronchiectasis might receive the same diagnosis of COPD–bronchiectasis syndrome.

c) Correct. European Respiratory Society (ERS) guidelines suggest a minimum bundle of
aetiological tests in adult patients with bronchiectasis. The bundle includes: 1) differential
blood count; 2) serum Ig; 3) testing for ABPA; and 4) sputum culture. Although there is no
strong evidence, this selection of tests should allow the detection of most common
aetiologies that can be addressed with a specific treatment. This testing should be available
in the majority of both primary care and secondary care hospitals.

d) Incorrect. The patient is 50-year-old man with no clinical features suggestive of CF.
According to ERS guidelines in bronchiectasis, testing for CF should be considered in
young adults (<40 years) or patients with CF clinical features such as upper lobe
predominance of bronchiectasis on chest CT, the presence of nasal polyposis and/or
chronic rhinosinusitis, recurrent pancreatitis, male primary infertility and malabsorption.

Disclosures: None declared.
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Case 2
Diego Jose Maselli

@ERSpublications
Case 2: how would you manage this 33-year-old female with previous history of asthma and
allergic rhinitis? http://ow.ly/Yva330ksJkB

A 33-year-old female with a history of asthma and allergic rhinitis presents because of
recurrent asthma exacerbations and daily coughing, wheezing and sputum production. She
reports three asthma exacerbations in the past 6 months, but with neither fever nor
haemoptysis. She has been treated with inhaled corticosteroids (ICS) in combination with a
long-acting β-agonist (LABA) and has received different short courses of prednisone with
partial improvement in her symptoms. Spirometry demonstrated a FVC of 2.99 L (80%
predicted) and FEV1 of 1.58 L (51% pred) with a FEV1/FVC ratio of 0.53. Physical
examination revealed normal vital signs. Bilateral wheezing was present. A chest radiograph
was performed and is shown in figure 1.
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In addition to performing chest CT, what would be the next step at this point?

a) Prescribe oral prednisone for 5 days

b) Add a long-acting muscarinic antagonist

c) Obtain a peripheral eosinophil count, IgE serum level and aspergillus serology

d) Measure exhaled nitric oxide

e) Repeat pulmonary function testing

Figure 1. Posterior-anterior chest radiograph.
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Answer

c) Obtain a peripheral eosinophil count, IgE serum level and aspergillus serology.

In patients with asthma or COPD that have recurrent exacerbations and/or uncontrolled
symptoms despite appropriate therapy, clinicians are invited to confirm the diagnosis.
Patients with bronchiectasis may have a delay in their diagnosis because other common
conditions are initially considered or treated.

In patients with severe asthma it is reasonable to test for ABPA with a peripheral
eosinophil count, IgE serum levels and aspergillus serology (ABPA) (option c) [1]. The
patient’s test results showed an IgE level of 2650 IU·mL−1, a peripheral eosinophil count of
1050 cells·µL-1 and a positive IgE specific to Aspergillus fumigatus.

The chest radiograph revealed bilateral mid-lung rounded opacities, one of which appears
to have an air-fluid level. These findings are not typical of asthma. Even in patients with
severe asthma, the majority of cases have a normal chest radiograph or show hyperinflation
as the only abnormality. Therefore, in this case it is appropriate to obtain a chest CT to
evaluate the lung parenchyma in greater detail. The chest CT revealed bronchiectasis in the
proximal airways, fibrocavitary lesions and the presence of high-attenuation mucus,
confirming the diagnosis of ABPA (figure 2). Although a chest radiograph may be
suggestive of bronchiectasis, chest CT is the gold standard for the diagnosis of
bronchiectasis and should be obtained in all patients in whom there is a suspicion of this
condition. The diagnosis of bronchiectasis is made by visual identification of an airway
with a diameter that is greater than the accompanying artery (the airway/vessel ratio) and a
lack of airway tapering in the periphery of the lung parenchyma or close proximity to the
pleura (<1 cm) [2, 3].

Although a long-acting muscarinic antagonist can be used in patients with asthma who are
not responding to ICS/LABA treatment, in this case treatment should be directed towards
ABPA (option b). Exhaled nitric oxide can be used to monitor asthma, but several other
investigations should be performed before prescribing exhaled nitric oxide evaluation

Figure 2. Chest CT (axial view) demonstrating bronchiectasis in the proximal airways, fibrocavitary lesions
and high-attenuation mucoid impaction.
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(option d). Repeating pulmonary function tests does not provide any additional
information in this case (option e). A short course of steroids is not sufficient to treat
ABPA (option a). The diagnosis of ABPA is made by a complete evaluation of clinical,
laboratory and imaging abnormalities. These include the presence of positive serology or
skin testing for Aspergillus fumigatus, IgE levels >1000 IU·mL−1, elevated peripheral
eosinophil counts (typically >500 cells·µL-1), radiographic abnormalities including
bronchiectasis, and a compatible clinical status [4, 5]. Treatment often requires prolonged
courses of ICS and oral steroids, with or without antifungals.
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Case 3
Jessica Rademacher

@ERSpublications
Case 3: what is the correct treatment for this 40-year-old female with a productive cough, purulent
sputum and a high exacerbation rate? http://ow.ly/Yva330ksJkB

A 40-year-old, nonsmoking, Romanian woman presents to a specialised bronchiectasis and
PCD outpatient clinic with significant physical limitations. She has a massive productive
cough and purulent sputum with an exacerbation rate of 12 per year, all of those
exacerbations requiring hospitalisation. Sweat tests in 2009 and 2015 showed negative
results for CF. Cough and chronic bronchitis started in early childhood, and were
diagnosed as “bronchial asthma”. Furthermore, she suffers from nasal polyps and chronic
sinusitis. In 2007, she had pulmonary TB, which was treated for 6 months in Romania. A
tympanostomy tube was planned last year due to chronic suppurative otitis media. The
patient is married but childless despite wanting to have children. Her regular therapy
consists of bronchodilators, inhaled and nasal corticosteroids, and azithromycin (500 mg
three times per week).

HRCT of the chest shows cylindrical bronchiectasis in the left upper lobe, lingula and
middle lobe, with massive varicose bronchiectasis in both lower lobes with bronchial
dilatation, mucus plugging, tree-in-bud sign and air trapping (figure 1). Spirometry shows a
very severe obstructive ventilation functional impairment and hyperinflation with a FVC of
1.17 L (40% predicted), FEV1 of 0.56 L (22% predicted) and residual volume of 3.55 L
(251% predicted). Pseudomonas aeruginosa has been detected continuously in cultured
sputum for >3 years. Laboratory tests demonstrate a vitamin D deficiency, and signs of
high chronic inflammation with high IgG levels and gamma fraction on serum protein
electrophoresis. There is no indication of an allergic disease or immunodeficiency. Nasal
nitric oxide is low (55.6 ppb or 20.7 nL·min−1, normal range <77 nL·min−1).

The combination of the clinical history (chronic cough since childhood, polyposis and
chronic sinusitis), typical imaging features (distribution of bronchiectasis with emphasis on
the middle and lower lobes, tree-in-bud sign, and mucus plugging) [1] and the low nasal
NO is highly suggestive for PCD.

You perform a nasal brushing for a high-speed video analysis, transmission electron
microscopy and a genetic testing for the most frequent PCD mutations. The molecular
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genetic examination shows a probable homozygous mutation in the PCD gene RSPH4A
(c,1887G>A (p.(Trp629*)). This variant results in an untimely stop signal and thereby a
depletion of the mRNA (nonsense-mediated decay). This variant is extremely rare and
there is no literature on it in relation to PCD.

Which of the following therapy options is not recommended in this case?

a) Rehabilitation programme
b) Inhaled corticosteroids
c) Macrolides
d) Inhaled antibiotics
e) Hypertonic saline

Figure 1. HRCT with cylindrical and varicose bronchiectasis with emphasis on the middle lobe, lingula and
upper lobes, tree-in-bud sign, and mucus plugging.
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Answer

b) Inhaled corticosteroids. In adults with bronchiectasis and no underlying asthma or
COPD, inhaled corticosteroids are not recommended [2]. This patient has a PCD with a
chronic P. aeruginosa infection and an exacerbation rate of 12 per year. Inhaled
corticosteroids are not indicated in this patient due to the potentially increased risk of
pneumonia and other bronchial infections.

You extend the therapy with twice-daily inhalation of hypertonic saline after a short-acting
bronchodilator followed by an inhaled antibiotic therapy with colistin. She continues the
azithromycin therapy. Daily physiotherapy is administered as well. The therapy for her
nasal problems is augmented to regular nasal inhalation with hypertonic saline. You add
long-acting ipratropium bromide to the bronchodilator therapy and stop the inhaled
corticosteroids, as mentioned above. You make an application to a rehabilitation clinic. The
patient is admitted for hospital treatment with intravenous antibiotics for 14 days
(meropenem and tobramycin) and you introduce her to the lung transplantation team of
the clinic due to end-stage lung disease.

The other very important message in this case is that PCD is still underdiagnosed. This
patient has had the typical signs and symptoms since childhood (chronic cough, polyposis
and chronic sinusitis) and is at the age of 40 years when the first diagnosis of a genetic
disease is made. In all patients with bronchiectasis, physicians should assess the Modified
PICADAR score [3] and, when available, a nasal NO screening test should be performed.
All patients with a modified PICADAR score ⩾2 and/or a nasal NO level <77 nL·min−1

should be referred to a specialist centre for further PCD investigations.
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Case 4: how would you manage this 46-year-old female with previous history of HIV infection,
pulmonary TB and aspergilloma? http://ow.ly/Yva330ksJkB

The patient was a 46-year-old female, Caucasian, former smoker with previous history of
HIV infection diagnosed in 1992, pulmonary TB in 1994 and aspergilloma in 1996. In
2002 due to sequelae of TB and aspergilloma, the patient underwent a pulmonary
bilobectomy (right upper and medium lobes).

In 2010, the patient first attended the bronchiectasis outpatient clinic. She reported a
history of daily purulent sputum production and moderate shortness of breath on exertion
with years of evolution and progressive worsening. Additionally, the patient described an
average of four exacerbations per year, with typically increased cough and sputum
production, significant fatigue and increased shortness of breath. Some of these
exacerbations required admission to the ward and intravenous antibiotics.

Once in the bronchiectasis outpatient clinic, a respiratory global evaluation was performed.
HRCT showed diffuse cylindrical and varicose bronchiectasis (figure 1). Lung function
testes revealed moderate obstructive ventilator impairment: FVC 2.94 L (79 % pred), FEV1

2.17 L (68% pred), FEV1/FVC 74% and total lung capacity 4.75 L (84%). Blood gas
parameters were in the reference range. She walked 455 m at 6-min walk test with an
oxygen desaturation of 6% (initial oxygen saturation: 98%; final oxygen saturation: 92%).
Serum Ig was in the reference range and tests for ABPA were negative. Sputum culture was
positive for Pseudomonas aeruginosa. Integrating all findings a diagnosis of post-infectious
bronchiectasis was made.

Treatment optimisation was performed and the patient started on a long-acting
anticholinergic plus a long-acting β-agonist and N-acetylcysteine as mucoactive therapy.
Chest physiotherapy was initiated. Oral ciprofloxacin 750 mg twice daily for 14 days was
performed with the intention of eradicating P. aeruginosa, although it persisted in the
sputum cultures and a chronic infection was considered. The patient started azithromycin
500 mg three times per week with the aim of reducing the frequency of exacerbations.
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Despite the described treatment optimisation and adequate microbiological monitoring, the
patient maintained daily sputum production, shortness of breath and an average of three
exacerbations per year (at least one admission to the ward and i.v. antibiotics).

Which of the following is the most likely option to perform at this time?

a) In order to optimise airway clearance, initiate recombinant human DNase

b) Optimise airway clearance and initiate inhaled corticosteroids

c) Change the long-term treatment with azithromycin for erythromycin

d) Initiate inhaled long-term antibiotic treatment

Figure 1. HRCT chest images showing diffuse cylindrical and varicose bronchiectasis.
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Answer

In bronchiectasis, mucociliary clearance is impaired by airway dehydration, excess mucus
volume and viscosity [1]. Treatment aims to prevent mucus plugging, airflow obstruction
and progressive lung damage [2]. European guidelines recommend that patients with
chronic productive cough should be taught an ACT [1]. In our patient it is important to
confirm adequate airway clearance before proceeding to any new approaches.

Human DNase does not appear to be as effective in bronchiectasis as it is in CF and seems
to be associated with an increase in pulmonary exacerbations, hospitalisation rates and
antibiotic use [3].

Inhaled corticosteroids have a wide range of anti-inflammatory properties, especially in the
context of chronic inflammation which plays a significant role in the pathophysiology of
bronchiectasis [4]. However, the evidence does not support the use of inhaled
corticosteroids in bronchiectasis, except in patients with comorbid asthma or COPD [1].

The overall balance of desirable effects (particularly fewer exacerbations) and undesirable
effects favours long-term antibiotic treatment in selected patients [1]. European guidelines
recommend offering long-term antibiotic treatment for adults with bronchiectasis who have
three or more exacerbations per year [1]. For individuals with chronic P. aeruginosa
infection, the evidence supports continuous use of nebulised colistin or gentamicin. In our
patient, after confirmation of an adequate airway clearance the patient started nebulised
colistin (option d). At the time of writing, after a 27-month follow-up period, the patient is
functionally stable and clinically improved with less daily sputum production and improved
shortness of breath. Since nebulised colistin was initiated, only one acute exacerbation
treated with oral antibiotic has been reported.
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Case 5: how would you manage this 60-year-old female with asthma, chronic sinusitis and bilateral
bronchiectasis due to PCD, and a chronic Pseudomonas aeruginosa bronchial infection? http://ow.
ly/Yva330ksJkB

A 60-year-old woman with no smoking history had been diagnosed with asthma, chronic
sinusitis and bilateral bronchiectasis due to PCD. She had a chronic Pseudomonas
aeruginosa bronchial infection with daily purulent sputum of ∼50 mL·day−1. She had four
exacerbations over the past 12 months requiring antipseudomonal antibiotics, and two
of these required hospital admission for intravenous antibiotics administration. Her
chronic treatment included a combination of long-acting β-agonist, inhaled corticosteroid
and long-acting muscarinic antagonist, plus montelukast.

The results of examinations performed during the stable state during the previous 2 months
included: a positive sputum culture for P. aeruginosa (no antibiotic resistance); spirometry
showing FVC 1.49 L (44.7% predicted), FEV1 0.93 L (35% predicted) and FEV1/FVC 62%;
and a chest HRCT scan as shown in figure 1.
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Question 1

In light of the P. aeruginosa isolation in sputum, which of the following is the best
treatment option to offer the patient?

a) Long-term inhaled antipseudomonal antibiotics

b) Long-term oral ciprofloxacin

c) i.v. antibiotics every 2–3 months

d) She does not need new treatments except those prescribed during exacerbations

Figure 1. Chest HRCT.
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Answer 1

a) The 2017 European Respiratory Society (ERS) guidelines for the management of
bronchiectasis suggest the use of long-term antibiotics in adults with bronchiectasis and three
or more exacerbations per year [1]. Thus, option d should be ruled out. Offering i.v. antibiotics
will require hospitalisation (even if only as an outpatient), with all the inconveniences any i.v.
treatment could have, including the discomfort of having a venous line inserted. Thus, this
could be considered in the case of an exacerbation. In the case of a P. aeruginosa bronchial
infection in a patient with frequent exacerbations, the ERS guidelines suggest the use of
long-term inhaled antipseudomonal antibiotics. Thus, this is the best option.

The patient was initially offered inhaled colistin at 1 million IU twice daily. Immediately
after the first administration, she had wheezing and shortness of breath, with a decrease in
FEV1 of 15% in comparison to the spirometry performed before antibiotic inhalation, even
though 200 μg of salbutamol was administered before inhalation. She experienced the same
adverse event after tests with colistin inhalation powder, inhaled tobramycin and
ceftazidime were performed.

Question 2

What do you think should be the next step at this point?

a) Prescribe other inhaled antibiotics

b) Offer i.v. antibiotics every 2–3 months

c) Offer long-term treatment with macrolides

d) No new treatment required
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Answer 2

c) As already mentioned, i.v. antibiotic use could be considered as an option in the case of
an exacerbation. The patient has showed intolerance to different inhaled antibiotics despite
the use of a short-acting β-agonist prior to antibiotic administration and, thus, option a is
not considered a valid option. The 2017 ERS guidelines suggest the use of long-term
treatment with macrolides in adults with bronchiectasis and chronic P. aeruginosa infection
in whom inhaled antibiotics are not tolerated or contraindicated. Thus, the best option is c.

The patient is now on long-term azithromycin treatment (500 mg three times per week).
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Case 6: how would you manage this 70-year-old female with bilateral idiopathic bronchiectasis?
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A 70-year-old female diagnosed with bilateral idiopathic bronchiectasis reports to the
respiratory clinic due to increased dyspnoea with purulent sputum and fever up to 38°C in
the past 4 days.

Background

No potentially pathogenic micro-organisms have been isolated in previous sputum cultures
during both exacerbations and clinical stability. In the previous year, she has had two
bronchiectasis exacerbations treated with amoxicillin, one of them requiring hospital
admission. A recent spirometry test showed an FEV1 of 32% predicted.

Physical examination

The patient’s temperature was 37.5°C and she was tachypneic, with an oxygen saturation
level of 94% on air. Breath sounds were present with bilateral crackles.

Additional tests

Blood analysis revealed a serum C-reactive protein of 121.6 mg·L−1 (normal range 0.0–6.0),
a white blood cell count of 16.28 ×109 cells·L-1 (normal range 4.80–10.80), a neutrophil
count of 86.4% (normal range 40.0–75.0) and a lymphocyte count of 7.7% (normal
range 17.0–51.0). The results of a chest radiograph are shown in figure 1. Gram-negative
bacilli were observed in sputum stain and sputum culture was positive for Pseudomonas
aeruginosa.
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Which is the most appropriate next step in the management of this patient?

a) Start antibiotic eradication treatment for Haemophilus influenzae

b) Start long-term macrolide treatment

c) Start antibiotic eradication treatment for Pseudomonas aeruginosa

d) No treatment is necessary due to probable chronic airway infection

Figure 1. Posteroanterior and lateral chest radiograph.
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Answer

c) Start antibiotic eradication treatment for Pseudomonas aeruginosa.

This patient has an infective bronchiectasis exacerbation. She has severe bronchiectasis
(70 years of age, low FEV1, previous hospital admission and multi-lobar bronchiectasis)
and is at risk of P. aeruginosa infection [1, 2]. The most appropriate next step in the
management of this patient is starting antibiotic eradication treatment for a first isolation
of P. aeruginosa [3]. The goal of the eradication treatment is to avoid chronic infection by
this micro-organism, since it is associated with a higher mortality rate, worse quality of life,
more frequent exacerbations and a steeper FEV1 decline when compared with
non-chronically infected bronchiectasis patients [1, 4]. Eradication treatment may include a
course of oral fluoroquinolones and/or intravenous antibiotics, but no treatment scheme
has greater evidence than another. Nevertheless, including inhaled antibiotics as part of the
treatment achieves greater rates of bacterial clearance [3].

Although H. influenzae could be a potentially pathogenic microorganism for this patient,
current bronchiectasis guidelines do not support offering antibiotic eradication treatment
for patients with a new isolation of any micro-organism other than P. aeruginosa, so the
statement in option a) is incorrect [3].

The clinical situation in this case is an acute exacerbation, so the patient requires an
appropriate course of antibiotics, which are not what options b) and d) propose. Also,
long-term macrolide therapy is recommended for bronchiectasis patients with a high
exacerbation frequency, defined as three or more exacerbations per year [3].

There is no established definition for chronic airway infection in bronchiectasis patients,
but the most frequently used is two or more isolates of the same organism at least
3 months apart in 1 year, which is also not the case for this patient [1].
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