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Foreword

Anatomically, the GI track and the respiratory system briefly share common space
on their journey to their respective end organs. The clinical relevance of this rela-
tionship was emphasised over a century ago in 1892 by Sir William Osler in his
elegant medicine textbook when he observed that asthma patients frequently have
their largest meal in the middle of the day to avoid an asthma attack. Today we are
reminded that “the devil is in the details” as we explore the depths of this relation-
ship in the enclosed international multi-authored, multi-specialty text.

As a clinically active gastroenterologist with a career-long interest in gastro-
esophageal reflux and its relation to all manner of associated pulmonary disorders,
this book is a most welcome addition to this field. Doctors Dettmar and Morice have
approached this topic with a most welcome intensity by enlisting input for individ-
ual chapters from the correct experts. This text belongs in the personal library of all
of us who see patients who likely suffer from a lung disease likely related to aspira-
tion of refluxed gastric contents.

Donald O. Castell

Professor of Medicine, Director,
Esophageal Disorders Program,
Medical University of South Carolina,
Charleston, SC, USA



Preface

Reflux and aspiration is the Cinderella of medicine. The conjunction of the aerodi-
gestive tract has devolved to three specialities: respiratory medicine, gastroenterol-
ogy and otolaryngology. Whilst each speciality brings its own expertise to the table,
a synthesis is urgently required. Our ambition in this book has been to bring together
a disparate collection of world renowned experts to provide the reader with a com-
prehensive overview in areas which they may not have previously considered in
dealing with the patient. Indeed, this dichotomy or rather ‘trichotomy’ is a source of
much frustration with patients bouncing between individual specialities, each deny-
ing that the patient’s symptoms lie within their area of expertise. Holistic medicine
is absent from this paradigm.

The pathological basis of inflammation in the upper and lower airways has
moved on from purely acidic damage to a greater understanding of the aggressive
factors which are causative factors.

Modern diagnostic techniques have revealed previously unrecognised aetiologi-
cal mechanisms and are pointing to targeted therapy.

The conventional paradigm of individual lung disease, such as asthma and pul-
monary fibrosis, becomes blurred when the aetiological role of aspiration in the
pathogenesis of these syndromes is considered. Indeed, we operate a Joint Airways
clinic where individual patients are not pigeonholed but have personalised therapy
related to the pathological processes determined by the specific investigations.
Perhaps the most important innovations have occurred in the area of therapeutics.
The realisation that aspiration was not treated by proton pump inhibitors (however
effective they are in classical peptic symptoms) has led to an exploration of alterna-
tive therapeutic strategies based on the amelioration of reflux rather than acid.

We hope that the reader will dip into this text and find gems which are relevant
to them from other specialities.

Cottingham, UK Alyn H. Morice
Cottingham, UK Peter Dettmar
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a-SMA a-Smooth muscle actin

ACE Angiotensin-converting enzyme

ACG American College of Gastroenterology
ADL Activities of daily living

AGA American Gastroenterological Association
AHR Airway hyper-responsiveness

ALI Acute lung injury

AMs Alveolar macrophages
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ATP Adenosine triphosphate
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CC Chronic cough
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CF Cystic fibrosis

CFTR Cystic fibrosis transmembrane conductance regulator
COPD Chronic obstructive pulmonary disease

!Churchill said Britain and the USA were two peoples divided by a common language. This was
never truer than in the field of (o)esophageal disease. It would have been nice to agree a common
language for this volume; however the literature extensively reviewed by our authors uses both UK
and US spelling. To change these and the extensive list of abbreviations to fit a common schema
would make location of these references difficult if not impossible. We have decided therefore to
leave the choice of GORD or GERD, LOS or LES, etc. to the individual contributor and apologise
here to the reader for any confusion that arises.
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Diagnostic Confusion Through the Ages

Alyn H. Morice

There’s a sign on the wall

But she wants to be sure

‘cause you know sometimes words have two meanings
Led Zeppelin ‘Stairway to heaven’

Introduction

Medicine is increasingly compartmentalised. Specialism has its advantages, but it
occurs at the cost of a holistic approach to the patient. Respiratory and ENT symp-
toms are ascribed to known diseases with little consideration of other organ systems.
In this chapter, I have attempted to illustrate that earlier physicians, not constrained
by rigid diagnostic and pathological straitjackets were easily able to see and under-
stand the intimate relationship between reflux, aspiration, and lung disease.

An English psychiatrist is visiting an Italian colleague and sits in on a consulta-
tion. The patient enters shaking and explains that he has been unable to settle himself
down without his usual morning drink. At the end of the consultation the Englishman
suggests that he is a classic alcoholic, but the Italian demurs “he is just a neurotic
who drinks too much”. This diagnostic confusion has characterised the history of
reflux and aspiration throughout the ages. Today if you present in later life with a
history of cough and or wheeze and are seen in an asthma clinic you will be diag-
nosed as having severe possibly neutrophilic asthma. As is admitted in the British
Thoracic Society asthma guidelines, there is no agreed definition of asthma. “The
diagnosis of asthma is a clinical one; there is no standardised definition of the type,
severity or frequency of symptoms, nor the findings on investigation. The absence
of a gold standard definition means that it is not possible to make clear evidence

A. H. Morice

Respiratory Medicine, HYMS, University of Hull, Castle Hill Hospital,
Cottingham, East Yorkshire, UK

e-mail: a.h.morice@hull.ac.uk

© Springer International Publishing AG, part of Springer Nature 2018 3
A. H. Morice, P. W. Dettmar (eds.), Reflux Aspiration and Lung Disease,
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based recommendations on how to make a diagnosis of asthma.” Asthma is thus in
the eye of the beholder.

Similarly, if you are referred to the COPD service then you will be labelled as
COPD probably of the chronic bronchitis phenotype. The recent GOLD guidelines
promote a “grade 1” phenotype who have respiratory symptoms but have a percent
predicted FEV1 within the normal range. COPD without airflow obstruction! Such
foolishness is not restricted to the respiratory community. In chronic upper airways
disease dysphonia is common and pseudo-diagnoses such as laryngeal dysfunction
abound. Unfortunately the likelihood of the patient achieving the most likely correct
diagnosis—that of recurrent reflux and aspiration—is small. Doctors, whether ENT,
gastro, or respiratory have been trained to view airway reflux and aspiration as a rar-
ity, when in fact it is probably one of the common cause of airway symptoms. Reflux
is an everyday phenomenon, we all experience tasting food which is regurgitated.
The intellectual leap required to translate this into a pathological process has proven
difficult throughout the ages. The following essay is not meant as a comprehensive
history of reflux, aspiration and the airways but is intended to illustrate that we are by
no means the first to recognise the connection between the gut and lung.

True Flatulent Asthma

Sir John Floyer in his “Treatise of the asthma” provides us with beautifully written
clinical description of what he calls flatulent asthma [1]. He himself was a sufferer.
I have quoted from his third edition (1726) and modified the typography; ‘s’ was
written as ‘f” in those days which causes confusion when he is talking of the chest
sucking the air (Fig. 1.1).

Page X
Asthma is a Defluxion ... and allow the Nerves to be Instruments of the Defluxion

(Collins English Dictionary: a flow of bodily humours accompanying a
disease—obsolete).

Page XXVIII

A flatulent slimy Cacochymia, which is bred in the Stomach, and creates Inflations
there, and givers an Effervescence in the Blood, and an Inflation in the Membranes
of the Lungs, and this is the true Periodic Flatulent Asthma.

Page 5

The main body of text is divided into four sections. In the first there is a detailed and
well observed description of what is clearly reflux and aspiration.
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Fig. 1.1 Frontispiece of
Floyer’s Treatise on the
Asthma, 3rd edition

In the afternoon which precedes the Fit of the Flatulent Asthma (which is com-
monly called the Humid, or Spitting Asthma) about 2 or 3 h after Meat, most
Asthmatics are sensible of a great Straightness, or Fulness about the Pit of the
Stomach, which is then oppressed with Wind, and an insipid Ructus rises from it,
and this Fulness of the Stomach is the first Sign of the ensuing Fit; it appears before
any Cough or Straightness Happens in the Lungs. This Fullness in the Stomach
Seems to Me to Depend Partly on the Windy Rarefaction of the Digesting Meat
Contained in Its Cavity; and Also on the Inflation of the Nervous Fibres of the Skins

of the Stomach.

The Accidental Caufes of the Fit, and the Symptoma-
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Page 6

Floyer is the first to observe the characteristic afferent hypersensitivity, recently
described as Cough Hypersensitivity Syndrome by the European Respiratory
Society task force, 300 years later:

All hot Things disorder them more, as sitting by the Fire, Wine, Tobacco; all cool
Liquors, as Water relieve the Fulness at the Stomach ... frequent great Retchings.

Page 9

I must observe, that the Fit of the Asthma happens after Purging, Vomiting, or
Fasting, when none or few Contents are in the Stomach, and then this Flattuosity
must be a Nervous Affectation of the Membranes.

Page 10

In the paragraph below Floyer suggests the intimate relationship of nervous control
via the vagus nerve. A connection, which is still debated today!

For the Par Vagum sends Branches both the Heart and the Lungs, and the Orifice
of the Stomach, where the First Nervous effects, or Inflations begin, and that by the
same Nerves is communicated to the Heart, and Lungs, and Membranes of the Breast.

Page 23

Here Floyer points out gaseous nature of the reflux and its origin from the chyle.

That the Preternatural State of the Chyle in the Asthma is a Flatulent Crudity,
appears, because all flatulent things, as new Beer, Turnips, Cabbage, ... very much
disagree with the Asthmatic, by irritating the Spirits, and creating a Windiness in the
Stomach, and they also affect the Nerves.

Chapter 3 is devoted to the triggers for asthma. The quality of air is thought to be
a crucial precipitant “any kind of smoak offends the Spirits of the Asthmatic; and for
that reason many of them cannot bear the Air of London”. Diet is also seen as an
important factor. Strong wine is to be avoided. “But Brandy, above all Liquors, is
most pernicious to the Asthma, it rarefies the Windy spirits most of all ...”. Both
exercise and “passions” are described as harmful and he quotes Hippocrates as
advising “all Asthmatics to abstain from Anger and Shouting”.

The fourth chapter deals with the cure for asthma. It opens with “First, To abate
the Quantity of the Windy Chyle in the Belly ...” But despite cataloguing numerous
cures and remedies Floyer is quite frank in that most of them are ineffective. He is
particularly dismissive of bleeding and “I have tried Vomiting, Purging, Sweating
over Night, and the Cortex to prevent the Fit I apprehended was coming, but all in
vain; for the fit was frequently worse for it.”
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The final section of this marvellous book, full of excellent clinical observation
and deduction deals with case reports. Given low level of physiological knowledge
at the time (for example the circulation of the blood as described as a newly discov-
ered by Harvey) Floyer’s perception is astonishing. I had thought that I was first to
describe oesophageal dysmotility as a cause of respiratory symptoms, however....

Page 176

I remember an old Asthmatic, who was troubled with difficulty of swallowing, upon
which his asthma left him; he seemed to me to have some Tumour, or Palsie in the
Oesophagus, but no Methods would relieve it; but since that he has continu’d 7 or
8 years without the Asthma who formerly had the Fits periodically for 14 years, and
they were occasion’d, as he tells me, by drinking stale beer.

In the Victorian era another perceptive physician, George Congreve, wrote in his
text “On Consumption of the Lungs” 1881 [2] that:

There is also a dry or nervous asthma, with the little or no expectoration, accom-
panied with flatulence, headache, restlessness, dryness of the throat, and intense
anxiety. In most cases of this class, dyspepsia is an accompanying evil, and perhaps
the exciting cause. In addition to the medicinal agents above named, the proper
regulation of diet is of vast importance. Nothing that can generate flatulence should
be taken. The food should be light and nourishing—no pastry, salt meat, veal, pork,
hashes, soups, or stews—but mutton, tender beef (underdone), stale bread, very lit-
tle vegetable, and light puddings. A very small quantity of the best brandy, well
diluted and without sugar, or with half a tumble for of Schweppes Potass or Seltzer
Water, may be sipped at dinner. During intervals of attack, course of bitter tonics,
such as cascarilla, columba, or quassia, to give tone to the stomach, may be of much
advantage.

More recently, but still forgotten, is the review and case series by J. R. Belcher (a
better example of nominative determinism would be difficult to find) in Thorax
1946 [3]. “This paper is concerned with the pulmonary aspiration phenomena asso-
ciated with mechanical dysphagia, and the term “dysphagia pneumonitis” is used
for the syndrome”. In the discussion Belcher notes “the frequency with which path-
ological conditions of the oesophagus associated with abnormalities of the lungs is
difficult to assess; there is little doubt that it is considerably greater than the number
of cases recorded in the literature suggests ... AETIOLOGY—the pulmonary
changes associated with dysphagia are due to aspiration of oesophageal contents
into the bronchial tree. The mechanism of aspiration varies with different oesopha-
geal lesions. During normal deglutition the arrival of a bolus of food in the pharynx
sets up a reflex mechanism, part of which is concerned with the onward transmis-
sion of the food, and part of which prevents its ingress through the glottis. A lesion
which interferes with this protective reflex makes aspiration almost inevitable.
When deglutition is not taking place the cough reflex protects the bronchial tree
from contamination by liquid in the pharynx or oesophagus. Any lesion which may
cause the retention of liquid in this area, in the presence of factors which tend to dull
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the cough reflex, render the patient liable to “dysphagia pneumonitis”. He points out
that patients may frequently present without obvious dysphagia, or only admit to the
symptom following a close questioning. For the first time he uses the phrase “silent”
to describe this phenomenon, but also comments “A long-standing cough in asso-
ciation with the dysphagia has been a frequent feature”.

The above is by no means a comprehensive review of the extensive literature
stretching back many hundreds of years describing the clinical syndromes associ-
ated with reflux and aspiration. What is surprising is that the lessons handed down
to us from past generations are largely ignored in modern medical practice. An
inpatient with a sudden onset of a cough, breathlessness, and consolidation revealed
on the chest x-ray will acquire a diagnosis of HAP—hospital-acquired pneumonia
and of course be given intravenous antibiotics. An obese young patient with epi-
sodes of wheezing precipitated by lying down and laughing will be diagnosed as
acute asthma and be given high dose parenteral corticosteroids. An elderly patient
with unilateral pulmonary fibrosis, a large hiatus hernia and a habit of sleeping on
their right side will receive a diagnosis of idiopathic pulmonary fibrosis. All of the
above examples have occurred in my clinical practice in the last few months. The
subsequent chapters in this volume will, I hope, act as a reminder of what our fore-
fathers recognised.
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An Overview of Gastroesophageal 2
Reflux Disease

Serhat Bor

Definition and Clinical Manifestations

Gastroesophageal reflux disease (GORD) is a chronic disorder that is caused by
abnormal reflux. It is associated with prolonged exposure of the distal oesophagus
and extra oesophageal airways to gastric contents and leads to cardinal symptoms
and/or findings, which affect patient quality of life [1]. Typical GORD symptoms
include heartburn (usually defined as a rising retrosternal burning discomfort) and/
or regurgitation, and atypical symptoms include laryngopharyngeal and pulmonary
symptoms, such as cough and non-cardiac chest pain (Fig. 2.1) [2].

From a physician’s point of view, the classic GORD patient has typical symp-
toms, with a satisfactory proton pump inhibitor (PPI) response and/or erosive
oesophagitis. Many clinicians believe that the diagnosis of GORD should be pri-
marily based on the presence of these typical symptoms. The specificities of heart-
burn and acid regurgitation for GORD were found very high in early studies such as
89% and 95%, respectively [3]. However, latest studies concluded that it is not
possible to identify reflux disease reliably with symptom questionnaires alone.

In the disease spectrum, there are more caveats rather than a clear-cut diagnosis,
particularly in three clinical conditions or in a combination of these conditions:

1. patients with normal endoscopy,
2. PPI unresponsiveness, and
3. the presence of extraoesophageal symptoms, without typical symptoms.

GORD affects not only the oesophagus but also the upper airway, and it
is associated with a wide range of extraoesophageal symptoms; therefore,
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Fig. 2.1 Typical symptoms of GERD [2]

treating the disease requires collaboration between different disciplines, includ-
ing gastroenterology, ENT, pulmonary medicine, general surgery, paediatrics,
internists and GPs. Thus, a GORD diagnosis might be more difficult because
typical symptoms cannot be observed in most patients with extraoesophageal
symptoms.

Epidemiology

Gastroesophageal reflux disease (GORD) is one of the most common chronic dis-
eases in adults in developed countries. If all studies from Western countries were
evaluated cumulatively, the prevalence of heartburn and acid regurgitation would be
23% and 16%, respectively [4]. High-quality prevalence studies from Western
countries have been performed since the 1990s; such studies have been performed
only since the 2000s in Eastern countries. The majority of studies from Eastern
countries have been performed in South-East and East Asian populations, and the
prevalence of GORD in these populations is 2.5-8.2%, which is markedly lower
than that in Western studies (Table 2.1) [1, 4].

According to epidemiological studies, one major difference between Western
and Eastern countries is the prevalence of typical GORD symptoms. Patients in
Western countries primarily exhibit heartburn, whereas patients in most other
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Table 2.1 The prevalence of GERD and typical symptoms in studies performed using the Mayo
Questionnaire [1]

Place Author No of subjects | Heartburn | Regurgitation | GERD
Olmsted (USA) Locke 1511 17.8 6.3 19.8
Moscow (Russia) | Bor, Lazebnik | 1065 17.6 17.5 23.6
Turkey Bor 3214 9.3 16.6 22.8
Argentina Chiocca 839 16.9 16.5 23
Eastern Iran Vossoughinia 1637 NA 25.7 25.7
Olmsted (USA) Jung 2273 NA NA 18
Philadelphia Yuen 1172 NA NA 26.2
(USA)

Madrid (Spain) Rey 709 NA NA 8.5
Spain Diaz-Rubio 2500 NA NA 9.8
China Wong 2209 NA NA 2.5

Table 2.2 The prevalence of additional symptoms in studies performed using both the same ques-
tionnaire and the same diagnostic criteria [6]

Olmsted Moscow [zmir NW

(USA) (Russia) (Turkey) Argentina | China
NCCP 23.1 15.5 37.3 37.6 34.7
Dysphagia 13.5 255 35.7 26.8 6.5
Odynophagia - 344 35.7 - 10.7
Globus 7.0 25.5 23.8 26.3 15.2
Dyspepsia 10.6 60.2 42.1 38.7 29.3
Belching - 43.0 24.6 - -
Nausea - 53.8 60.3 -
Vomiting — 29.1 38.1 - —
Hiccup - 6.8 9.5 - -
Cough - 36.7 19.8 - 8.9
Asthma 9.3 - 0.8 6.7 4.2
Pharyngeal symptoms 14.3 10.4 28.6 21.8 9.4
and hoarseness

countries predominantly show acid regurgitation [5, 6]. These differences are
likely underestimated; however, it is important because regurgitation itself
represents a different therapeutic profile compared to heartburn. For example,
proton pump inhibitors are less effective compared to heartburn and other medi-
cations; motility agents, alginate or other modalities (surgery) might be more
effective.

No study has directly compared the atypical symptoms found in different coun-
tries, but studies using the same questionnaire have yielded different results. For
example, the prevalence of asthma among GORD patients ranges from 0.8% to
9.3%. The prevalence of other symptoms, such as dyspepsia, also differs (range,
10.6-60.2%) (Table 2.2) [6]. There is a strong need for more studies addressing the
incidence of the disease, as well as patient quality of life.
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Diagnosis

Currently, different GORD features are measured with different tests, and there
is no gold standard used to diagnose the full spectrum of the disease. Some
tests have been nearly abandoned, such as radionuclide scintigraphy and the
Bernstein test. Others might lose their practicality because of further develop-
ments, such as catheter-based 24 h intraoesophageal pH monitoring, barium
swallow radiology, and 24 h intraoesophageal bilirubin detection (Bilitec).
New and exciting tests are replacing some of these modalities, such as cathe-
ter-based intraoesophageal 24 h intraoesophageal pH/impedance monitoring,
high resolution manometry, etc. [7]. Some diagnostic tests are under evalua-
tion, with different expectation levels, such as pepsin detection in the saliva
(Peptest), mucosal impedance measurements, and laryngeal pH monitoring
(Restech). The advantages and disadvantages of different tests are summarized
in the Table 2.3.

Table 2.3 Summary of diagnostic tests in gastroesophageal reflux disease

Test Pros Cons
24 h Quantifies refluxed acid, allows for | Normal even in 30% of erosive
intraesophageal determination of acid and symptom | esophagitis patients, catheter base,

pH monitoring

correlation

patient discomfort effects the
quality of the measurement, acid
reflux does not mean the mucosal
damage, inter/intra observer
variabilities are too high

24 h Allows to measure weak or nonacid | Catheter base, patient discomfort
intraesophageal refluxes. Basal mucosal impedance | effects the quality of the
pH/impedance is a new promising metric. More measurement. More expensive, less
monitoring sensitive determination of all types | experience. Needs manual analysis

of reflux and symptom correlation | especially for research.
Wireless pH Better tolerance. Allows longer Needs endoscopy, more expensive
monitoring measurements (days), if off-PPI

measurement shows pathologic

reflux, PPI therapy can be

initialized and allows to on-PPI

measurement
Conventional LES localization for catheter-based | Catheter base, measures lower
manometry monitoring systems, exclude esophageal sphincter pressure but

esophageal motility disorders

the role for GERD is unclear

High resolution
manometry

Very sensitive to detect HH,
motility disorders, esophagogastric
junction outflow obstructions. New
metrics to detect GERD and
combination with other
technologies (impedance,
ultrasound) are promising

Catheter base. Still needs
improvements for the criteria and
metrics
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Proton Pump Inhibitor Trial

Many centres worldwide lack sophisticated diagnostic modalities; therefore, they
rely on patient symptoms and upper gastrointestinal endoscopy. The PPI response to
typical symptoms is a primary diagnostic tool [8]. However, the PPI response of
patients with typical symptoms is approximately 60—65% for heartburn and <50%
for regurgitation, and this low response rate decreases the value of the therapeutic
trial approach. Recently, all PPI trial studies have been evaluated by the Turkish
GORD consensus group [9], which found 16 studies (seven omeprazole, five lanso-
prazole, two esomeprazole, two rabeprazole). As shown in the table, most of these
studies used a high dose (double) of PPI, and the median time was 14 days. There
was no consensus for the dose, time of the trial or definition of the “response”
(Table 2.4). Despite the heterogeneous design of these studies, the following obser-
vations can be asserted;

e The cumulative sensitivity of the PPI trial is 82.3%, and the specificity is 51.5%.
The positive predictive value is 79%, and the negative predictive value is 56.9%.
These figures indicate that most GORD patients responded well to the PPI trial;
however, a negative test does not exclude the possibility of disease. Indeed, the
RCT evidence suggests that the effect of PPI is similar to placebo for airway
Ssymptoms.

e Patients with erosive oesophagitis and pathologic acid reflux have a greater
chance of response, although these groups do not need a PPI trial.

Table 2.4 PPI trial studies [9]

Study PPI Dose Time (days) |n=
1. Fass (1998) Omeprazole 40 mg AM and 20 mg PM 7 37
2. Pandak (2002) Omeprazole 20 mg AM and PM 14 38
3. Xia (2003) Lansoprazole |30 mg AM 28 36
4. Bautista (2004) Lansoprazole |60 mg AM and 30 mg PM 7 40
5. Pace (2010) Omeprazole 20 mg AM and PM 15 544
6. Dent (2010) Esameprazole |40 mg AM 14 296
7. Cho (2010) Lansoprazole |30 mg AM and 30 mg PM | 14 73
8. Kim (2009) Rabeprazole 20 mg Am and 20 mg PM | 14 42
9. Aanen (2006) Esameprazole |40 mg AM 13 67

10. Dekel (2004) Rabeprazole 20 mg AM and PM 14 14

11. Bate (1999) Omeprazole 40 mg AM 14 58

12. Fass (2000) Omeprazole 40 mg AM and 20 mg PM | 14 14

13. Juul-Hansen (2001) | Lansoprazole |60 mg AM 5 56

14. Schenk (1997) Omeprazole 40 mg AM 14 41

15. Juul-Hansen (2003) | Lansoprazole |60 mg AM 7 52

16. Fass (1999) Omeprazole 40 mg AM and 20 mg PM 7 42
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e Non-cardiac chest pain patients are one of the best candidates, if their pain is
related to acid reflux.

e The suggested therapeutic trial is 2 weeks for a double dose of PPI, and the
response should be >50% healing of symptoms. It still must be determined which
symptoms should be considered: heartburn, regurgitation or both?

Upper Gastrointestinal Endoscopy

Upper gastrointestinal endoscopy (UGIE) is the most commonly used diagnostic
technique. It is an important tool to determine whether the phenotype of the dis-
ease is NERD or erosive oesophagitis. UGIE detects oesophagitis, strictures and
Barrett’s oesophagus. It also allows to take biopsy, particularly for the diagnosis
of eosinophilic oesophagitis, and it is useful for differential diagnoses, particu-
larly in PPI refractory patients. However, in patients with non-peptic symptoms,
the yield is low.

LA Grades C, D and possibly B oesophagitis are sufficient for the diagnosis [10].
However, note that oesophagitis A can be observed in a minority of asymptomatic
patients. Oesophageal histology has limited value except for Barrett’s oesophagus
and eosinophilic oesophagitis. Narrow band imaging, confocal laser endomicros-
copy and similar new endoscopic techniques do not add more information to the
diagnosis [11]. Dilated intercellular spaces and microscopic oesophagitis are
observed more in NERD and ERD; however, routine biopsy of the oesophagus and
histopathology are not recommended.

Indications for First Upper Gastrointestinal Endoscopy

e Upper gastrointestinal tract cancer or Barrett’s oesophagus in first-degree
relatives.

e Alarm symptoms; dysphagia, odynophagia, unexplained weight loss, anaemia,
vomiting.

 If peptic symptoms start in patients older than 50 years of age.

e A symptom duration >5 years.

* A <50% response rate after 8 weeks of PPI therapy.

Indications for Follow-Up Upper Gastrointestinal Endoscopy

e The presence of Barrett’s oesophagus.

e In patients with severe erosive oesophagitis: after high-dose PPI therapy for
4-8 weeks to evaluate for possible Barrett’s oesophagus.

24-h Ambulatory pH or pH-Impedance Monitoring
Traditionally, 24-h pH monitoring has been accepted as the gold standard diagnostic

method for GORD. Although this technique is important, “the gold standard” con-
cept is questionable. A 24-h conventional pH testing failed to diagnose abnormal
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acid exposure in up to 40% of patients with erosive oesophagitis when the percent-
age total time for pH < 4 was used as the only criterion. This technology has many
limitations. It measures only acid reflux episodes; however, weak and possibly non-
acid reflux episodes might be responsible for some symptoms, particularly in
patients with extraoesophageal symptoms or PPI refractories. Indeed, it has been
suggested that acidic reflux is not the major precipitant of airway disease. Patients
cannot maintain their regular daily activities and having meals with a catheter in
their noses and throats. The day-to-day variation is high, and only reflux at the fifth
centimeter within the oesophagus is measured. Lack of a diagnostic gold standard
for gastroesophageal reflux disease is also a problem when measuring the exact
sensitivity and specificity of the technique. Therefore, there is a strong need for bet-
ter technologies [7].

Recently, a new technology was added for pH-monitoring, and now we have
24-h impedance-pH monitoring. This technology allows the detection of acidic,
weakly acidic, and non-acid reflux, as well as liquid and gaseous refluxates [10].
There is still a strong need for more healthy control studies with equipment from
different companies to detect normative thresholds. Many new metrics have been
proposed over the years; however, baseline impedance is a good reflection of muco-
sal integrity and can be used. However, low baseline impedance makes it difficult to
interpret pH-impedance studies. Automated analysis may be sufficient; however, in
the case of a significant number of weak and/or non-acid reflux events, it is advis-
able to perform a manual analysis. Addition to these major metrics, it is important
to evaluate the symptom-reflux association [12].

Symptom-reflux association is an interesting approach to diagnose some GORD
phenotypes, such as oesophageal hypersensitivity and functional heartburn. Currently
two metrics are used: symptom index and symptom association probability.

Symptomindex = number of reflux — related symptom episodes |
(total number of symptom episodes) x100

Symptom association probability is calculated by dividing the 24-h data into
2-min segments. Then, for each 2-min segment, it is possible to determine whether
the reflux occurred and a symptom was reported. At least three events per symptom
episode must be reported to calculate these tests.

These tests should be used together, and if two metrics are positive, then the
diagnosis is oesophageal hypersensitivity; if the metrics are negative, then the diag-
nosis is functional heartburn.

Indications for 24-h Impedance-pH Monitoring

* Patients with non-erosive reflux disease and who are refractory to PPI therapy
(the procedure should be performed off-PPI in patients with no response at all.
However, an on-PPI test is suggested for patients who demonstrate a partial
response).

» Extraoesophageal symptoms, particularly cough, to identify the reflux-cough
relationship (pharyngeal pH measurements are possibly not useful).

* Belching and rumination.
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e Select patients undergoing anti-reflux surgery and with post-fundoplication
symptoms.

e Evaluation of anti-reflux treatment failure.

¢ Non-cardiac chest pain.

Wireless pH Monitoring
In this capsule-based study, the placement of the wireless pH capsule was performed
in the outpatient endoscopy unit, following an upper GI endoscopy.

The distance from the incisors to the oesophagogastric junction was measured
during the upper GI endoscopy, then the endoscope was removed, and the cap-
sule was transorally advanced with an applicator deployed 6 cm proximal to the
junction. It measured the pH level until the capsule fell, which generally took
2-9 days. This procedure is preferable in patients who are intolerant of a cathe-
ter-based measurement. When the symptom-reflux relationship occurs is impor-
tant; however, symptoms (such as NCCP) rarely occur. Therefore, it is preferable
to measure them for as long as possible. In our department, we prefer to analyse
the data on a daily basis, and when sufficient evidence is obtained for a GORD
diagnosis, the PPI therapy is immediately initiated to observe the PPI response.
The major drawbacks of the procedure are the cost and need for an upper GI
endoscopy [13, 14].

Oesophageal Manometry

Oesophageal manometry does not have any direct diagnostic value for GORD; how-
ever, it has different utilizations to support the diagnosis. Patients who are refractory
to PPIs should be evaluated to eliminate other diseases, such as achalasia and other
motor disorders of the oesophagus. Other indications are preoperative evaluation of
the patient and localization of LES for the placement of pH catheters.

New technologies, such as high-resolution manometry, have a higher diagnostic
value than conventional manometry and should be preferred. Indeed, some patients
with ‘idiopathic’ airway symptoms have been diagnosed with oesophageal dys-
motility. This technology can be used to assess the size of the hiatal hernia, as well
as the peristaltic reserve [15].

Other Tests

A barium swallow and scintigraphy cannot be recommended to diagnose
GORD. Endoluminal functional lumen imaging probe (Endo FLIP) is a new
diagnostic tool that can be used to measure the distensibility of LES. Achalasia
dilatation and anti-reflux fundoplication are possible indications for the tech-
nique; however, its value is not established yet for the diagnose of the disease.
The measurement of pepsin in the saliva is a promising tool and will be dis-
cussed in the following chapters.
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Medical, Endoscopic and Surgical Therapy

The major aim of current GORD therapy is symptom relief. The possibility of cur-
ing symptoms is low, which increases the importance of GORD-related quality of
life as a major therapeutic target.

Lifestyle Modifications

Despite their common use, lifestyle modifications have limited effects but should be
advised according to a patient’s history and experience [16, 17]. If a patient defines
some foods or drinks responsible for symptoms, a particular dietetic modification can
be arranged. According to the meta-analysis, only some modifications are significant;

* Obesity is one of the most important factors, and losing weight is crucial. The
association between obesity and GORD was evaluated in a systematic review,
which found a positive association between a BMI > 25 kg and GORD symp-
toms (odds ratio 1.43, 95% CI 1.16—1.77). A similar increase was also shown for
oesophagitis and obesity (1.76, 1.16-2.68) [18].

e Chocolate, fatty food, sodas should be avoided. Salt and white-wheat bread
might be related to symptoms. Personal differences are encountered with differ-
ent foods.

e Low volume, protein-rich and high-fibre food should be preferred. Controlled
data, however, are greatly lacking and inconclusive [19].

* Heavy exercise might increase the risk.

* Smoking, in terms of the consumption rate, is a risk factor that has been reported
in basic science and epidemiologic studies. Alcohol consumption is noxious on
the oesophageal epithelium in basic science studies; however, the risk is unclear
in epidemiologic studies. The cessation of both is advisable [20].

e Left lateral position and head elevation are important to protect against night-
time reflux but difficult to adapt and disruptive to the quality of sleep [21]. Their
long-term effects are not clear.

Interestingly and contrary to dogma, the speed of eating does not impact reflux
episodes in normal weight [22] and obese populations [23].
Medical Therapy
GORD medications can be classified as follows:
I Acid neutralization or inhibition:
1. Antacids neutralize secreted acids and are primarily used for mild peptic

symptoms. The onset of action is rapid; however, the effects are short lived.
Despite the widespread use of antacids, even the studies compared to placebo
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Fig.2.2 PPI efficacy for potential manifestations of GERD [28]

provided conflicting results. Their therapeutic benefit in the treatment of
GORD is limited by the lack of well-designed, large, placebo-controlled tri-
als. Thus, it is unlikely that these drugs will have a major effect on the dis-
ease [24]. Because they act locally, antacids are considered to be a first line
therapy with alginates for GORD in pregnancy [25]. However, magnesium-
containing agents should be avoided, and calcium content should be taken
into consideration especially for the overdose.

. H2 receptor antagonists inhibit acid production in the parietal cell on H2
receptors. Cimetidine, ranitidine, famotidine, and nizatidine are still widely
use worldwide, particularly for night-time reflux, because of their inhibitory
effect on basal acid stimulation [17]. All H2RAs have a similar efficacy in
symptom relief and the healing of oesophagitis. This drug group has a good
safety record, with few side effects. However, some limitations exist, such as
a relatively short duration of action, incomplete inhibition of meal-induced
acid secretion, and the development of tolerance (as common as 50% within
2 weeks, possibly related to the down-regulation of H2-receptors) [26].

. Proton pump inhibitors irreversibly inhibit acid secretion through H+/K+ ade-
nosine triphosphatase (ATPase), the proton pump of the parietal cell responsible
for acid production. They have superior efficacy compared to histamine H2
receptor antagonists and are currently the most effective therapeutic option [27].
The healing rates for oesophagitis are summarized in Fig. 2.2 [28]. According to
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Table 2.5 The possible reasons for the ineffectuality of PPIs

Diagnostic problems such as functional dyspepsia, IBS, cancers, achalasia, eosinophilic
esophagitis

Compliance problems such as postprandial consumption of medications

Inadequate dosing

Acid regurgitation

Fast metabolizers

Concomitant medications

Malabsorptions,

Hypersensive oesophagus, functional heartburn

Weak/nonacid reflux

Pscyhiatric comordidities, fear of cancer

PPI resistance in time

Delayed gastric emptying, gastric outflow obstructions

Gastric acid hypersecretion

Extraesophageal symptoms

Nocturnal acid breakthrough

the standard dose treatment, compared to placebo, the highest response rate can
be achieved with mild oesophagitis. In terms of heartburn relief, patients with
oesophagitis have a higher success rate compared to non-erosive reflux patients
[17]. However, it should be noted that the PPI unresponsiveness rate reaches
30-40% in erosive or NERD groups [29]. Regurgitation, which is the most com-
mon symptom in non-Western countries, has an even lower response rate (<50%)
[30]. The lowest response rates are seen for extraoesophageal symptoms, such as
hoarseness, asthma and chronic cough. The possible reasons for the ineffectual-
ity of these drugs are summarized in Table 2.5. The complications of long-term
PPI consumption are always worrying [31]. Of the many possible side effects,
only a minority has been found to be significant: bone fractures (osteoporosis),
clostridium difficile infection, bacterial overgrowth, and spontaneous bacterial
peritonitis. The latter has the highest risk. This is a hot topic now, and many new
studies are being published. Patients who need these drugs for long-term or con-
tinue therapy should be monitored carefully. However, there is no consensus on
the concept of “long-term” therapy in terms of time and dosage.

II Barrier forming agents, such as alginate-based formulations, appear to act

through a unique mechanism, a mechanical barrier. In the presence of gastric
acid, alginates precipitate, forming a gel. In the presence of gastric acid, bicar-
bonate is converted to carbon dioxide, which becomes entrapped within the gel
precipitate and converts into foam, floating on the surface of the gastric con-
tents, much like a raft on water [32]. The alginate-based raft remains in the
upper part of the stomach, suppressing the acid pocket [33]. It also binds or fil-
ters pepsin and bile, removing them from the refluxate. These drugs primarily
reduce acid and then non-acid reflux events (and on the height of proximal
extent of reflux events along the oesophagus in some studies). However, the

gaseous component of reflux is not controlled [34].
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III Prokinetic agents increase lower oesophageal sphincter pressure, accelerate
gastric emptying, and increase the amplitude of oesophageal contractions. Their
effects vary from one agent to another. The adverse-event profile of these agents
must be weighed against any clinical benefit and most classical agents, such as
bethanechol, metoclopramide, domperidone, and cisapride, either out of market
or under supervision (by reason of cardiac side effects, particularly fatal arrhyth-
mia). However, safety studies, particularly those with domperidone, are ques-
tionable and clearly metoclopramide is much riskier [35]. Care should be taken
in patients older than 65 years of age; long QT syndromes or medications pro-
long the QT, with arrhythmia, >30 mg/day.

IV Mucosal protectives. Sucralfate, is a mucosal-protective agent that binds to
inflamed tissue, producing a protective barrier, inhibiting the noxious effects of
pepsin and bile. GORD studies are limited, with small numbers of participants,
primarily compared to placebo [36]. Because of the high confidence interval,
the effect is not superior to placebo. Currently, its use is limited to GORD in
pregnancy, pill oesophagitis, caustic ingestion, etc.

V' Other options. Tricyclic antidepressants and selective serotonin reuptake inhibitors
can be used in some subgroups, such as oesophageal hypersensitivity and func-
tional heartburn [17]. This is a new and exciting era for these GORD phenotypes.

Endoluminal Therapies

Different endoluminal therapies have been developed in recent years, and many
have disappeared because of either inefficiency or complications. Endoluminal ther-
apies have been categorized in four different types: (1) fixation, (2) ablation, (3)
injection, and (4) mucosal excision and suturing. Currently, only two techniques are
widely available. Stretta is an anti-reflux device that consists of a four-channel
radiofrequency-generating catheter delivering thermal energy, without reaching the
ablation values into the muscularis propria within the oesophagus at four levels and
cardia at two levels. A recent meta-analysis has shown that 49% of patients are off
PPI following the procedure [37]. A long-term study has also revealed that the
5-year follow up results are consistent with the 10-year follow up results. The pro-
cedure certainly improves health-related quality of life and the pooled heartburn
standardized score, reduces oesophageal acid exposure, and increases lower oesoph-
ageal sphincter basal pressure, although the last two features were not normalized.
EsophyX (transoral incisionless fundoplication; TIF) is used to restore the angle of
His by delivering multiple full thickness, nonabsorbable fasteners, and it creates a
valve at the oesophagogastric junction [17].

Anti-reflux Surgery

Laparoscopic anti-reflux surgery is an effective long-term therapy option. It restores
the mechanical barrier and improves LES pressure, decreases reflux episodes, and
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improves symptoms and quality of life [38]. It can be safely performed with mini-
mal perioperative morbidity and mortality. Shorter follow-up studies (<3 years)
have observed better outcomes (90%) [39].

It is advisable that all NERD patients should be evaluated with oesophageal
(high-resolution) manometry and 24 h pH (-impedance) or capsule pH monitoring
study before surgery [10]. The best candidates are patients with good responses to
PPIs and fewer functional gastrointestinal symptoms, such as bloating, belching or
psychological co-morbidity. Patients with inadequate symptom control represent
another group with difficulties, and they should be carefully evaluated before sur-
gery for possible explanations for their failure to respond to medications. Typical
symptoms respond better than atypical symptoms, and only patients with atypical
symptoms should be carefully evaluated before the surgery and avoided if possible.
Severe regurgitation (generally accompanied by hiatal hernia) and medication side-
effects. Barrett’s oesophagus and peptic structure can be treated surgically; how-
ever, there is no absolute indication in these groups.

Nissen was the most common choice between surgeons; however, partial fundo-
plication has attracted more attention in recent years because of the fewer post-
operative complications, particularly dysphagia and bloating [38]. An interesting
approach is to perform partial fundoplication in patients with preoperative major
depression, as it may lead to better outcomes. Morbid obesity is a concern for higher
surgery failures. For morbidly obese patients (BMI > 35 kg/m?), gastric bypass
should be the procedure of choice when treating GORD.

Summary of the Therapeutic Approach

Lifestyle changes, particularly weight loss, smoking cessation and possibly alco-
hol cessation, should be the first line approach in all cases. Strict dietary restric-
tions should be avoided because of the negative impact on quality of life. Many
algorithms and approaches have been published. As shown in Fig. 2.3, as sug-
gested by the Turkish consensus group, and the therapeutic approach was divided
into three different categories: primary health care (first level), internists (second
level) and gastroenterologists (third level) [40]. In the presence of the mild symp-
toms (less than three times a week, minimal impact on quality of life, short dura-
tion), on-demand therapy with any effective medication, such as antacids, alginate
or antacid/alginate combination, H2 RA, and low dose of PPI, can be initiated.
Moderate symptoms need a single dose of PPI; however, in cases of severe symp-
toms, a double dose of PPI with the combination of prokinetics or alginate is advis-
able. If upper gastrointestinal endoscopy is performed, the severity of findings
should direct the dose, meaning that in cases of erosive oesophagitis A or B require
a single dose, and C or D cases require a double dose of PPI. In patients who are
unresponsive to the therapy, further diagnostic modalities, such as oesophageal
manometry (high resolution if possible) and 24 h pH (impedance) monitoring, are
advised [41]. While they are undergoing ambulatory pH-impedance recordings,
patients should be carefully advised to describe their symptoms because some
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GORD phenotypes, such as oesophageal hypersensitivity, are diagnosed based
only on their reports. Those modalities are difficult to treat and generally do not
response to classical GORD medications, especially anti-reflux surgery. They
define more psychiatric co-morbidities compared to NERD and erosive patients.
These subgroups and patients with functional heartburn need extensive evaluations
of their psychiatric conditions, and tricyclics or SSRIs are commonly prescribed,
as well as prokinetics.

The discontinuation of PPIs is possible, according to different studies, ranging
from 14% to 64%, without deteriorating symptom control for a one-year period.
Tapering may be a better approach than abrupt discontinuation [42].

Status of Newer Medications

Different new medications are currently under investigation. Here, some new
achievements are summarized;

Improved Acid Suppression

In terms of better inhibition of gastric acid secretion, novel long-lasting PPIs and
potassium-competitive acid blockers (P-CABs) are being developed.

Tenatoprazole and S-Tenatoprazole are imidazopyridine-based PPIs with a pro-
longed plasma half-life. It has been under development for years [43]. A Phase 2
study has been conducted in S Korea, and Phase 1 was conducted in the European
Union and India.

Rabeprazole extended release 50 mg: Phase 3 has been completed and discontin-
ued in some countries. It is registered in Turkey, and Phase 3 study is running.

Omeprazole+succinic acid (an acid pump activator VB 101; Vecam): A Phase 2
study was completed in 2011. Vecam, a combination of a PPI and succinic acid (an
acid pump activator, VB101), is a drug that has meal-independent anti-secretory
effect [44].

llaprazole (P-CAB) has been studied in phase III clinical trials, in which it failed
to show superiority over esomeprazole in erosive oesophagitis and NERD [45]. It is
registered in S. Korea, and at the Phase 2 level in China.

Vonoprazan is a new, potent and long-lasting acid inhibitory drug that exerts a
direct and targeted effect on the parietal cell. It produces rapid, reversible, and
long-lasting inhibition of the gastric H+, K+-ATPase. It has a reversible inhibitory
effect on gastric acid secretion by competing with K+ on the luminal surface of
the proton pump. The inhibitory effect acid secretion is independent of the secre-
tory state of the H+, K+-ATPase. The efficacy of vonoprazan in patients with
erosive oesophagitis was evaluated in a multicentre, randomized, double-blind,
parallel-group, dose-ranging study. Vonoprazan at 5, 10, 20, and 40 mg doses was
compared to PPI lansoprazole 30 mg for healing of EE at 4 and 8 weeks. The
percent of EE healing at 4 weeks for vonoprazan was between 92.3% and 97.0%
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and was dose-dependent, compared with 93.2% for lansoprazole [46]. It may play
a potent role in patients’ refractory to PPIs; however, it merits more and extensive
research [47].

Helicobacter pylori and GORD

This issue is controversial, and deserves a special mention. The relationship between
Helicobacter pylori and GORD is not clear. This topic is particularly important in
countries with a high prevalence of HP. The Turkish GORD consensus group evalu-
ated the literature, and the following statements were suggested [48];

e There is no clear association between HP and GORD [49, 50].

e The eradication of HP does not have any impact on either the appearance or
exacerbation of GORD symptoms.

¢ Long-term PPI consumption does not have any impact on gastric atrophy in HP-
positive cases [51, 52].

e The presence of HP might be protective for the development of Barrett
oesophagus and oesophageal adeno cancer, particularly in cagA positive
patients [53, 54].

e The screening and eradication of HP should be decided independently of the
presence of GORD.
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Chemical Composition of Refluxate

lain A. Brownlee

Abstract
The reflux of gastric contents into the aerodigestive tract has been linked to a variety
of oesophageal, oral, airways and respiratory diseases. The composition of refluxate
is not merely secreted gastric juice and instead represents a complex mixture of gas-
trointestinal secretions and exogenous factors. Within the stomach, gastric juice
mixes with proximal (saliva) and distal (pancreatic juice, bile) gastrointestinal secre-
tions. New microbes enter the stomach via ingested food, saliva and other aerodiges-
tive secretions and join the gastric microbial community. Ingestion of food may itself
drive a number of physiological actions that are linked to the occurrence of reflux.
Digestive enzymes, acid and bile may cause direct damage to the unprotected
mucosal tissues of the aerodigestive tract. Further from this, the processes of
digestion within the stomach may release new antigen that have the potential to
cause an immunological response. The gastric microbiome is largely similar to
that of the aerodigestive tract, so its role in damage as a result of reflux is unclear.
The complex interplay between all of the above factors is not currently well
understood, although is likely to play a role both in the damaging potential of
refluxate as well as the frequency and volume of reflux events.

Introduction

The secretions of the stomach have vital physiological roles in the enzymatic and
chemical processes of digestion and also act as a barrier that limits the number of
microbes entering the distal gut [1]. During the gastric phase of digestion, the
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circular, longitudinal and oblique smooth muscle layers surrounding the stomach
act to homogenise ingested food into a creamy paste known as chyme. This action
allows for easier passage of digesta through into the narrower duodenum but also
better mixes enzymes with the target substrates. The release of chyme into the
duodenum through the pyloric sphincter is phased. Previous evidence would sug-
gest that pyloric sphincter opening is affected by the chemical composition of the
material within the gastric lumen, which is sensed by endocrine cells within the
gastric mucosa. These cells release neurohumoral factors with act within the
stomach, other parts of the gut and systemically to orchestrate the processes of
digestion [2, 3].

The stomach is well protected against its own digestive secretions by the pres-
ence of a continuous mucus barrier that covers the gastric luminal surface [4]. There
is increasing evidence to suggest that the inappropriate movement of gastric content
to proximal parts of the gastrointestinal tract of into the respiratory tree (where it
would be considered refluxate) can damage these less well protected tissues, poten-
tially resulting in damage, obstruction, inflammation or immune responses, depen-
dent on the chemical composition of refluxed material.

As the exposure of tissues to refluxate is believed to be the key mediating factor
in the onset a number of diseases of the oesophagus, mouth and upper and respira-
tory tract (discussed in other chapters within this edition), there are at least three
postulates for why some individuals suffer from these conditions while other do
not: (1) Exposure is more frequent or over longer periods of time in the diseased
state, (2) Individuals are pre-disposed to the diseased state as a result of limited
protection from refluxate exposure or (3) The chemical composition of refluxate is
different within the diseased state. Within all of these postulates, it appears that the
composition of refluxed material is a key determinant of the damaging potential of
reflux events. This chapter therefore aims to describe the major components that
can occur within refluxate, highlight factors that affect the composition of refluxate
and examine how factors within refluxate could be potentially damaging to the
aerodigestive tract.

Overview of Gastric Secretions

Gastric glands are organised units of the epithelium that produce a range of exocrine
secretions from different epithelial cell types. Alongside cells that produce various
exocrine secretions, the gastric epithelium also contains a range of cell types that
produce endocrine secretions to mediate local and systemic control of the processes
of digestion. These endocrine cells are discussed in further detail in the section
“Control of Gastric Secretion below”. In order to ensure that the epithelium is inte-
gral and that proper epithelial function is maintained, stem cells must be present
within the gastric pits. Stem cells are pluripotent cells that differentiate into the
variety of different cells types necessary to maintain the endocrine and exocrine
functions of the gastric epithelium effectively. It appears as though stem cells occur
in a niche within the epithelial surface at the top of each gastric gland just below the
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opening of the pit [5, 6]. This organisation is different from intestinal crypt units,
where stem cells are found nearer the base of the crypt in both the small and large
intestine [7]. Therefore, within the gastric glands, differentiated cells must migrate
either towards the gland base or towards the luminal opening.

Hydrogen ions are secreted into the gastric lumen by the parietal cells that occur
at the base of the gastric pit. This occurs as a result of the action of the ATP-driven
basolateral Na/K antiporter and the luminal H/K antiporter, resulting in an approxi-
mate million-fold concentration of hydrogen ions across the epithelium. The pres-
ence of high acidity within the gastric milieu activates digestive enzymes [8] and
represents an innate defence mechanism against swallowed microbes [9, 10].
Stomach acid also acts to denature dietary proteins, which allows better homogeni-
sation of gastric contents and also improves access to sites of cleavage on peptide
chains by proteolytic enzymes.

Stomach acid has historically been perceived as a major causative factor of reflux
diseases. In the same way that the low pH of gastric juice causes the denaturation of
dietary proteins, acid would be expected to initially cause damage to membrane-
bound proteins on the luminal membrane the oesophageal epithelium before poten-
tially infiltrating the mucosa and causing further structural damage. A number of
therapies for peptic ulcer and reflux disease have focused on limiting the secretion
of hydrogen ions by parietal cells by competitively inhibiting histamine-induced
secretion or by acting to inhibit the apical potassium-hydrogen ATPase that greatly
increases luminal H* concentration. Such therapies appear to be have been success-
ful in improving symptomology in peptic reflux oesophagitis patients [11]. However,
these studies highlight a high frequency of placebo effects (>30%) in the control
group, symptoms still persist in those in whom they are abated and long-term PPI
usage has been associated with increased infection rates (possibly due to the removal
of the gastric acid barrier) and increased risk of fracture, possibly due to inhibiting
the molecular processes involved in bone remodelling [12]. The pH of the gastric
juice also controls the activity of the enzymes there within. While a low pH is ideal
for gastric enzymes to work at, higher pH will tend to increase the activity of
enzymes initially secreted into the intestine and mouth that may subsequently end
up in the stomach.

A series of aspartate proteases, referred to as “pepsins”, are secreted in their
inactive form (pepsinogen) by the chief cells situated towards the base of the gastric
pits. At low pH (below 5) a conformational change occurs in the pepsinogen chain
that results in the peptide chain covering the active site swivelling into the catalytic
cleft and being cleaved off. Active pepsin is important in the initial stage of protein
digestion, producing shorter chains from polypeptides in a relatively non-specific
manner [8].

The exposure of the in vitro porcine or in vivo canine larynx to pepsin plus acid
or even pepsin alone at higher pH leads to increased damage than acidic solutions
[13, 14]. Recent work has also highlighted that human pepsins remains active over
a relatively wide pH range (up to pH 7.0 in the case of pepsin 3B) and pepsin that
has been inactivated at lower pH (down to pH 8.0) can be reactivated again in the
presence of an acidic milieu [15]. Previous in vitro studies also suggest that pepsin
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proteins may have cancer-promoting effects on laryngeal cells and tissues under
conditions that would not be expected to cause damage to the epithelial surface
[16, 17].

Mucin is secreted by gastric mucus cells (situated in higher number towards the
top of the gastric gland) and rapidly swells in the aqueous environment to form
mucus [18]. Gastric mucus is believed to exist in a functional bilayer, with the out-
ermost layer being loosely adherent and easily removed by shear stress, while the
inner layer is firmer and more resistant to removal [19]. The outer layer therefore
acts as a functional lubricant to reduce mechanical damage to the underlying
mucosa. Mucins degraded by shear stress or other processes will end up within the
luminal bulk content. Higher rates of gastric mucolysis have been historically
hypothesised to be a factor in the aetiology of peptic ulcer disease [20]. While it is
unlikely that mucin monomers in refluxate would have any damaging potential,
further degradation of the mucins by endogenous or bacterial enzymes could result
in the release of peptide fragments that might represent novel antigen challenges to
tissues that refluxate contacts.

While the chemical composition of gastric content changes greatly before and
during meals, previous observations suggest the presence of considerable inter-
individual variation in the fasted state. In healthy adults, fasting gastric volume
appears to vary from almost zero to as much as 40 ml while the pH of this content
varied from over pH 6 to less than pH 1.5 [21]. Higher fasting volumes (with some
measured as higher than 100 ml) were noted in a previous study, along with an esti-
mated mean of pepsin concentration 0.5 (+£SD 0.31) mg/ml [22].

Until recently, it was generally accepted that the contents of the stomach tended
to become homogenous during gastric mixing. However, it appears as though there
is a degree of compartmentalisation within the stomach itself. The gradual flow of
contents out of the pyloric region and patterns of contractility has previously been
evidenced to cause a phenomenon termed “gastric sieving”. More fully homogenised
and digested content is able to pass the funnel-like structure of the pylorus, whereas
larger material is retained within the body of the stomach for further digestion [23].
Recent advances in intragastric imaging have also revealed that during gastric diges-
tion, a distinct region of acidic fluid can occur in the near the gastro-oesophageal
junction, termed the acid pocket [24]. This low pH fluid does not appear to become
mixed into the partially homogenised material occurring distally.

Control of Gastric Secretion

All exocrine secretions of the stomach tend to be stimulated by the release of ace-
tylcholine from vagal efferent fibres. Alongside this, positive or negative feedback
can be provided from neurohumoral agents released by endocrine cells with the
gastric or intestinal epithelium. Neurohumoral release within the gastric and intes-
tinal phases of digestion tends to be driven by the chemical composition of the
digesta within the gut lumen and the mechanical stress this digesta imparts on the
underlying tissue [25].
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Acid secretion occurs as a result of cholinergic stimulation of parietal cells by
vagal efferents during both the cephalic and gastric phases of digestion but is also
stimulated as a result of release of both histamine and gastrin by enteroendocrine
cells within the gastric mucosa [26]. Somatostatin-producing D cells provide nega-
tive feedback to acid production as a result of low pH being sensed within the gastric
lumen. The action of somatostatin appears to inhibit further stimulation of parietal
secretion [27]. Previous research has suggested that increasing luminal concentra-
tions of a number of dietary factors could be important in driving gastric acid secre-
tion include luminal calcium, high concentration of digested proteins (particularly
free amino acids) mixed dietary fat, glucose, caffeine and capsaicin [2, 28-30].

Pepsinogen secretion is stimulated by vagal cholinergic activity and a range of
other neurohumoral mediators, particularly immediately after the ingestion of food
[31]. Mucus secretion is also governed by cholinergic stimulation but is also modu-
lated by the release of gastrin or secretin and can be rapidly increased within gastric
tissues in the presence of noxious agents, such as alcohol [4].

The Gastric Microbiome

A large body of recent literature has highlighted the importance of the large intesti-
nal microflora to colonic and systemic health. A more limited range of research has
been carried out on the importance of the gastric microbiome and its roles in health
and pathophysiology. The total number of microbial cells that exist within the stom-
ach is relatively low. Recent estimates suggest that the human stomach contains
approximately 1000 colony forming units/ml of fluid [32]. As in other parts of the
gut, the gastric microbiome can interact with luminal contents and the mucosal lin-
ing in ways that are potentially positive or negative to health.

Previous studies have highlighted similar microbes appear to occur within the buc-
cal cavity, respiratory tract and gastric niches [33]. This suggests that the resident
microflora across the aerodigestive tract could be shared. While reflux events could
act to bring microbes resident in the gastric contents into the other areas of the aerodi-
gestive tract, the action of mucociliary clearance would also lead to inhaled microbes
being swallowed and potentially surviving within the stomach. The most abundant
species of bacteria found in the stomach appear to be Streptococcus and Prevotella
[34]. Helicobacter pylori is frequently associated with gastric pathologies and been
evidenced to exist in other aerodigestive niches [35]. However, there is no causal evi-
dence to suggest that H. pylori has arrived into other areas of the aerodigestive tract as
a result of initial gastric infection and subsequent retrograde flow of refluxate.

Within a previous study that observed the 16s ribosomal RNA sequences present
in gastric samples collected from six healthy individuals, it was noted that the three
individuals who were Helicobacter pylori negative had more diverse bacterial com-
munities, with H. pylori accounting for the high proportion (c. 95%) of the total bac-
teria. In both cases, the percentage of unclassifiable bacteria was low (<1%). It must
be noted that such techniques only allow characterisation of bacteria present and not
fungi or viruses [36]. While Candida albicans and other fungi might be involved in
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secondary infection of damage to gastric mucosa [37], there is no evidence linking
these other micro-organisms to the occurrence or pathogenicity of reflux.

Refluxate and Other Non-gastric Secretions

The material that is refluxed into the upper aerodigestive tract from the stomach will
also contain digestive secretions proximal secretions that have moved into the stom-
ach (e.g. saliva and mucus from the upper respiratory tract and pulmonary system)
which could drive translocation of microbes [36]. Saliva secretion around meal
times is likely to be high in volume and bicarbonate concentration which might
directly neutralise gastric acidity. Saliva eases the passage of boluses of food down
the oesophagus and may act both as a clearance mechanism as well as a neutralising
agent that could reduce the damaging potential of refluxate.

Swallowed saliva is also likely to contain low concentrations of two microbial
metabolites of the oral bacteria that could also impact on reflux. The first is nitrite,
which is produced by the reduction of salivary nitrate by oral microbes [38]. When
nitrite reaches the acidic conditions in the stomach, nitrite is further reduced to pro-
duce nitric oxide, the majority of which is absorbed in the small intestine. Nitric
oxide is a major mediator of relaxation of the lower oesophageal sphincter which
could increase the occurrence of reflux events [39]. However, recent evidence sug-
gests that amounts of nitrite that reach the stomach in saliva do not appear to affect
the occurrence of reflux [40].

Short-chain fatty acids, produced as a by-product of metabolism of energy
sources within the buccal cavity may also impact on the occurrence of reflux events.
Previous evidence suggests that short-chain fatty acids produced in (or hypotheti-
cally reaching the colon) could also cause increased occurrence of transient lower
oesophageal relaxations, resulting in increased frequency of reflux events [41].
However, there is currently no evidence to support the idea that this happens as a
result of oral production of short chain fatty acids.

Duodenogastric reflux describes the movement of duodenal contents proximally
into the stomach. This event appears to occur physiologically in healthy individuals
[42]. The resultant movement of bile and pancreatic enzymes into the lumen of the
stomach and aerodigestive tract has the potential to expand the range of injurious
factors that occur within refluxate. While the movement of duodenal contents into
the stomach might be expected to result in a reduction in pH of the gastric milieu,
there is still strong evidence associating the occurrence of duodenogastric reflux can
result in faster disease progression. For example, the presence of bile acids in the
post-transplant lung has been linked to impairment of the innate pulmonary immune
system [43]. Bile acids are believed to act as damaging agents in refluxate, as they
may act to disrupt cell membranes of mucosal cells lining the aerodigestive tract.
Trypsin and other pancreatic enzymes also have the potential to digest mucosal sur-
faces they come into contact with in the digestive tract. However, unlike pepsin, their
optimal activity occurs at pHs close to neutral, so these enzymes could be more
active under the conditions that would be expected to occur in the aerodigestive tract.
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Dietary Intake and Reflux

While information given to patients around the world would highlight the potential
for foods consumed to trigger reflux, the evidence suggesting this is frequently
rarely above the level of anecdotal. Specific phytochemicals like capsaicin or caf-
feine have been suggested to be associated with worse symptomology in reflux
oesophagitis and such factors are simple to test within challenge meals in an appro-
priately blinded fashion. However, whole foods are rather more difficult to hide
from the participant or researcher, so experimental design becomes more difficult.
High fat and high protein intake are also suggested as being linked to reflux occur-
rence. A previous study looking at a holistic dietary approach to reduce intake of
“acidic” foods has been evidenced to benefit symptoms in laryngopharyngeal reflux
patients who showed no symptom improvement on pharmacological therapy [44]. It
is likely that an overarching approach to diets and lifestyle management will be of
more benefit to reduction of the frequency and length of reflux events in those
affected by symptoms. The clearest evidence currently exists for central adiposity
being linked to reflux (likely as a result of increased intra-abdominal pressure).
Weight-loss interventions have been evidenced to be successful in reducing the
occurrence of reflux events and improving symptoms in patient groups [45, 46]. A
previous systematic review highlighted that recommendations for reduction of
intake of citrus fruits, tomatoes/tomato products, chocolates, caffeinated beverages
and fatty foods to improve reflux symptomology was not well founded [47]. A fur-
ther observational study noted that adherence to guidelines to avoid putatively
“refluxogenic” foods in gastro-oesophageal reflux disease patients was low [48].
Causal evidence of individual dietary components impacting reflux is limited. One
previous study noted that reducing dietary fat consumption and increasing fruit and
vegetable intake over a 3-year period did not improve histological findings in Barrett’s
oesophagus [49]. Some previous evidence highlights suggests that thickened infant
formulae reduce the oesophageal acid exposure but do not necessarily reduce the total
number of reflux events [50, 51]. Allergy to cow’s milk has long been associated with
the occurrence of reflux/regurgitation in infants. A recent open, crossover trial evalu-
ating reflux occurrence in children with clinically-substantiated cow’s milk allergy
noted that the total number of reflux events was 60% higher during feeding with cow’s
milk formula than an amino acid-based control, with a large proportion of weekly-
acidic reflux events seemingly the cause for the increase in total number of reflux
events. A recent study in patients with functional dyspepsia who did not have endo-
scopically-assessed symptoms of gastro-oesophageal reflux, reduced meal size was
associated with faster gastric emptying and lower gastric volume [52]. These effects
could be assumed to reduce the incidence of reflux events in frequent refluxers.
While weight management strategies appear to be effective in improving reflux
symptoms, there appears to be a need to further elucidate dietary factors that may or
may not be refluxogenic to improve the quality of evidence supporting dietary man-
agement of reflux. Further mechanistic studies assessing whether these dietary fac-
tors directly trigger symptoms, result in a change in gastric juice composition
resulting in a higher damaging potential, or are affecting gastric motility, gastric
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emptying, lower oesophageal sphincter tone or other physiological events that may
drive the occurrence of reflux. Such studies may be more feasible when non-invasive
measures of reflux occurrence are employed (e.g. Peptest™) but should be carefully
controlled (by meal composition and content) to avoid false-positive findings from
the intake of specific dietary factors.

Summary

From the above, it is clear that the content of the gastric lumen does simply originate
from the gastric glands. Due to the mixing action of the stomach, the gastric and other
gastrointestinal secretions, microbiota and dietary factors will come into contact with
each other in the stomach and may interact in a number of ways. Figure 3.1 below shows
a number of hypothetical ways that these compositional components could interact to
affect the occurrence of reflux events or the damaging potential of refluxate.
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Fig. 3.1 Hypothetical model of the interactions between compositional components of gastric
contents and some physiological factors governing the chemical composition of refluxate. “+” and
“—” represent an increase or decrease in the event the arrow points to, while a question mark is
used to highlight where an outcome is unknown or not well-evidenced
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Jeffrey P. Pearson, Adil Aldhahrani, Peter I. Chater,
and Matthew D. Wilcox

A key factor in many lung diseases and in lung allograft deterioration is an
inflammatory response leading to fibroproliferation. What is the evidence for
gastroduodenal reflux and aspiration being a driver of these processes? The potential
damaging agents in aspirated refluxate are food particles, and microbes (particularly
when patients are treated with proton pump inhibitors (PPI) and microbial
overgrowth of the stomach occurs). In addition gastric juice contains enzymes e.g.
pepsin and lipase and gastric acid which all have the potential to damage airway
mucosa [1]. If duodenal reflux into the stomach has occurred then the gastric juice
will contain conjugated bile acids, bilirubin, phospholipids and digestive enzymes
in particular trypsin, chymotrypsin and lipases. These pancreatic enzymes could
survive in the stomach retaining activity if the pH has been elevated by the alkaline
refluxate coming from the duodenum, or in patients on PPI treatment. For example
trypsin retains functionality when exposed to pepsin at pH 4.0 for 6 h but was dena-
tured by incubation with pepsin at pH 2.2 for 4 h [2].

Putative Mechanisms for Reflux/Aspiration Leading
to Inflammation

Animal Models

Rat gastroduodenal reflux models have been used to demonstrate the link between
repetitive aspiration and respiratory diseases. Que et al. [3] used a surgical tech-
nique to separate the bottom of the oesophagus from the stomach at the cardiac
sphincter leaving the pylorus connected to the duodenum. The bottom of the

J. P. Pearson (4) - A. Aldhahrani - P. I. Chater - M. D. Wilcox
Institute of Cell and Molecular Biosciences, Newcastle University,
The Medical School, Newcastle upon Tyne, UK

e-mail: Jeffrey.Pearson @newcastle.ac.uk

© Springer International Publishing AG, part of Springer Nature 2018 41
A. H. Morice, P. W. Dettmar (eds.), Reflux Aspiration and Lung Disease,
https://doi.org/10.1007/978-3-319-90525-9_4


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-319-90525-9_4&domain=pdf
mailto:Jeffrey.Pearson@newcastle.ac.uk

42 J.P. Pearson et al.

oesophagus was then joined to the jejunum. This leads to gastroduodenal contents
flowing back into the oesophagus producing reflux and aspiration. This model can
only assess the effect of gastroduodenal reflux and not gastric reflux alone. In addi-
tion the gastric secretions will be modified as no food enters the stomach directly.

Be that as it may the effects of aspiration were assessed at 10 and 20 weeks after
surgery. Haematoxylin and eosin staining of lung tissue showed areas of inflamma-
tion with cell infiltrates and there were examples of partial or complete lung col-
lapse. The severity of these effects increased at 20 compared to 10 weeks. Higher
magnification showed that the lung alveolar spaces and small airways contained
neutrophilic infiltrates, macrophages and multinucleated giant cells. There was also
an increase in PAS/Alcian blue staining indicating goblet cell hyperplasia again
greater at 20 weeks. There was also evidence of an increase in smooth muscle layer
thickness confirmed by evidence of myofibroblast formation with increases in
alpha-smooth muscle actin (a-SMA) levels. In addition bronchial obliterans (BO)
like lesions showing narrowing of the lumen of the bronchioles by filling with gran-
ulation tissue containing fibrous connective tissue and CD68 positive macrophages.
Bile acids in the aspirate in this animal model may in part explain the pulmonary
damage as they can cause cytotoxicity by disrupting plasma membranes and trans-
porter activity. This study has demonstrated how gastroduodenal reflux followed by
aspiration could result in the pathology involved in several respiratory diseases.
Asthma where there is a characteristic increase in the goblet cell population and a
concomitant increase in mucus secretion and where airway inflammation involving
lymphocytic infiltration is involved in exacerbations [4, 5]. Chronic obstructive pul-
monary disease (COPD) where exacerbations are often caused by infection of the
lungs and gastro-oesophageal reflux (GOR) followed by aspiration may be a signifi-
cant route for microbial entry. The evidence of BO like lesions in the rats may pro-
vide a link between reflux/aspiration and deterioration of allografts post
transplantation.

Animal models have been developed by Duke University to investigate the
effects of aspiration of gastric fluid on pulmonary allografts to determine the link
between chronic aspiration and obliterative bronchiolitis (OB) leading to graft fail-
ure. Tang et al. [6] addressed the question as to the role of pH in lung damage using
this rat lung transplantation model [7, 8]. They exposed the transplant to eight
weekly lavages with pooled rat gastric juice either at the pH collected 2.5 or with
juice neutralized with NaOH to pH 7.4, normal saline was used as a control. Based
on histological examination both pH 2.5 and pH 7.4 gastric juice treated lungs
showed damage characteristic of OB with parenchymal and peribronchiolar fibrosis
and complete or partial small airway occlusion. The saline treated lungs showed no
such damage. An important message from this study is that there are damaging
agents in gastric juice other than acid. Therefore reduction of gastric acid secretion
via the use of PPIs will not prevent the potential damage that could be caused by
reflux and aspiration of gastric juice at a pH at or close to neutral.
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Cell Models

Cell models have been used to try and understand the cellular mechanisms driving
the pathological changes in lung disease. These models have used whole gastric
juice or the components of gastric juice. Cheng et al. [9] used a murine macrophage
cell line (RAW264.7) to investigate the mechanism pertaining to chronic inflamma-
tory lung disease, a part of which would involve macrophage activation. Gastric
juice was collected from BALB/cJ mice. This could not be directly applied to the
cells as it was cytotoxic, consequently they used 1% or lower levels of gastric juice
diluted with culture medium. This diluted gastric juice applied to the macrophages
activated the nuclear factor kappa light chain enhancer of activated B cells (NF-«xB)
signal transduction pathway as demonstrated by upregulation of the nuclear pro-
teins p50 and p65. This pathway can also explain the observed increase in macro-
phage migration as its activation will lead to the production of monocyte
chemoattractant protein MCP-1 [10]. The diluted juice also produced an increase in
TNFa production in a toll like receptor (TLR-4) dependant manner, indicating that
bacterial components e.g. Lipopolysaccharide (LPS) in gastric juice could be
involved in macrophage activation. However at high concentrations of gastric
juice tumor necrosis factor alpha (TNFa) production was increased in a non TLR-4
dependant manner. In addition the matrix metalloproteinases MMP2 and MMP9
were elevated although not as much as with direct stimuli with LPS. Finally macro-
phages express large amounts of protease-activated receptor 1 (PAR-1) activated by
proteolysis and these receptors are linked to increased migration [11]. It is unlikely
that any pepsin activity would be present in the gastric juice at neutral pH but the
presence of any duodenal juice in the stomach could mean that trypsin/chymotryp-
sin shown to survive gastric conditions [2] could have an important role in PAR
activation. These data again show the potential damaging effect of gastric juice at
neutral pH. The group of Cheng et al. [12] have also investigated the effect of gastric
juice on airway smooth muscle cells in an attempt to define the role of reflux/aspira-
tion in airway remodelling a key process in airway disease e.g. asthma [13]. They
applied rat gastric juice onto rat tracheal smooth muscle cells in primary culture.
Again as in their previous work the gastric juice was used at a 1% dilution with
culture media. Forty eight hour incubation in diluted gastric juice induced the secre-
tion of cytokines IL-4 and IL-6 which are T helper type 2 cytokines [14]. Gastric
juice also increased secretion of cytokines between 1.9 and 399 fold. These included
LIX/CXCL 5 (lipopolysaccharide-induced CXC chemokine), fractalkine
(CX3CL1), Cytokine induced neutrophil chemoattractant 2 (CINC-2), CINC-3 and
CNTF (ciliary neurotrophic factor). The upregulation of fractalkine may have a role
in attracting T cells and monocytes to the airways and promoting adhesion of leuco-
cytes to activated endothelial cells [15]. Fractalkine could be involved in the cross-
talk between smooth muscle cells (SMC) and macrophages both activated by
exposure to gastric juice. SMC migration is one key process in airway remodelling [ 16]
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and migration is associated with focal adhesion kinase (FAK) activation [17]. The
results of Chiu et al. [12] demonstrate activation of FAK and SMC migration is
promoted by exposure to gastric juice. These in vitro experiments clearly implicate
aspiration of gastric juice in promoting airway smooth muscle inflammation and
remodelling and that is linked to macrophage activation by gastric juice (Fig. 4.1).
Other researchers have attempted to investigate specific components of refluxate/
aspirate and their role in airway inflammation. Bathoorn et al. [18] studied the effect

Gastric
Juice

@ NF-xB transcriptional regulation

Y CYTOKINE + CHEMOKINES +
R ¢ \ FOCAL ADHESION KINASE
A (FAK)

TISSUE INFLAMMATION &
REMODELLING AIRWAY INJURY

Fig. 4.1 Macrophages and smooth muscle cells activation by gastric juice and their role in airway
inflammation and remodelling. Gastric juice applied to macrophages will induce the NF-xB signal
transduction pathway leading to the production of monocyte chemoattractant protein (MCP1),
Tumour necrosis factor o (TNFa) and matrix metalloproteinases (MMP) 2 and 9. PAR1 (protease-
activated receptor) are activated by proteolysis from the gastric juice and increase macrophage
migration. This cascade of events leads to tissue inflammation and remodelling. There is crosstalk
between the macrophages and smooth muscle cells activated by gastric juice leading to cytokine,
chemokine and MMP2 production and smooth muscle cell migration adding to the inflammation
and remodelling
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of pepsin and acid on SV-40 transformed human bronchial epithelial cells (16HBE).
Five minutes exposure to low pH with or without pepsin followed by incubation in
normal cell culture conditions demonstrated pepsin plus acid had greater cytotoxic
and inflammatory effects than acid alone. Cytotoxicity being assessed by lactate
dehydrogenase release and methylene blue staining and inflammation by release of
I1-6 and 8. These studies give some insight into the potential effects on the lungs of
aspirated gastric juice, however these studies were carried out at pH 1.5, 2.0 and 2.5.
These pHs are unlikely to be achieved in vivo with the refluxate more likely to reach
the lung at pH 3.0 and above, due to mixing with oesophageal and laryngeal secre-
tions. It would therefore be important to carry out studies at higher pHs at which
pepsin will still be active [19] and this could allow longer exposure times than
5 min. Also assays for metabolic activity such as celltiter-blue or MTT could be
used to assess cell viability.

Bile acids have been implicated with a role in inflammation and remodelling.
Studies with human primary alveolar cells by Su et al. [20] investigated changes in
epithelial permeability which is a signature of acute lung injury [21, 22].
Chenodeoxycholic acid (CDCA) (a primary bile acid) at a concentration of
200 pmol/l caused a significant decrease in transepithelial resistance (TER) which
persisted up to 6 h. This was associated with a 40% reduction in cell viability.
Lower levels of bile acids (100—150 pmol/l) caused a non-significant fall in TER
but had no effect on cell viability. Suggesting that the effect of the highest concen-
tration of bile acids on TER was caused by the presence of dead cells in the mono-
layer. CDCA levels of between 100-150 pmol/l in the non-cytotoxic range also
produced a significant increase in prostaglandin E, (PGE,) production by the cells.
The authors then showed that PGE, alone applied to the cells (100 ng/ml) caused a
transient significant decrease in TER, suggesting a link between CDCA mediated
PGE, production and the fall in TER. This link was further investigated in terms of
intracellular signalling molecules and proteins involved in tight junction formation.
150 pmol/l of CDCA caused a large increase in p38 and JNK phosphorylation
(mitogen activated protein kinases). In addition mRNA levels for cytosolic phos-
pholipase A, and cyclooxogenase-2 are increased by CDCA. The final piece of the
jigsaw is that CDCA treatment at 150 pmol/l down regulated zonula occludens-1
(ZO-1) and E cadherin. These effects can be linked to show how CDCA opens tight
junctions and could increase epithelial cell permeability in lung disease (Fig. 4.2).
Although these effects are interesting some caution must be exercised as the con-
centrations of CDCA used were very high, considering the same group reported
levels for total bile acids in the sputum of asthma patients with gastroesophageal
reflux of ~5 pmol/l [23]. Also we have shown that CDCA is potentially cytotoxic to
lung epithelial cell lines BEAS-2B, NCI-H292 and Calu-3 at 100 pmol/l (Fig. 4.3)
and is cytotoxic at lower levels to primary human lung epithelial cells. Another
mechanism by which bile acids could be linked to airway inflammation is via
hypoxia-inducible factor 1. HIF-1 is made up of two subunits o and f3, for activity
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Fig.4.2 Effect of bile acids on human alveolar epithelial cells. 150 pmol/l chenodeoxycholic acid
applied to the apical surface caused an increase in the levels of mitogen activated kinases P38 and
JNK, which become phosphorylated leading to an increase in cytosolic phospholipase A, (cPLA,)
releasing arachidonic acid which is converted to PGE, via the increased levels of cyclooxygenase-2
(COX-2). The PGE, increase effects the levels of E-cadherin and Zonula occludens (ZO-1) leading
to a relaxation of the tight junctions

HIF-1a must be stabilized. HIF-1p is constitutively expressed but the levels of
HIF-1a are regulated by the action of prolyl hydroxylase domain proteins (PHD)
which hydroxylate HIF-1a, which leads to its degradation. Hypoxia inhibits PHD
hydroxylase activity thus stabilizing HIF-1a. In addition chronic inflammation and
bacterial infection e.g. Pseudomonas aeruginosa can inhibit PHD activity increas-
ing the levels of HIF-1a. HIF-1 at increased levels will stimulate the release of
cytokines, NO and antimicrobial peptides from immune and epithelial cells [24].
HIF-1a is a main regulator in the response to infection and inflammation [25-27].
Legendre et al. [28] demonstrated that chenodeoxycholate and deoxycholate but
not cholate caused a dose dependent down regulation of HIF-1a levels. This leads
to a different expression of cytokines with down regulation of I1-8 and upregulation
of II-6 shifting from an acute to a chronic inflammatory response (Fig. 4.4).
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Fig. 4.3 Cytotoxicity of chenodeoxycholic acid with BEAS-2B cells. Significant cell death is
shown at 50, 75 and 100 pmol/l as measured using the Celltiter-blue assay after 48 h incubation.
BEAS-2B is a human lung epithelial cell line. The data is displayed as a percentage of the normal
control. Negative controls were methanol fixed cells. Significance was set at p < 0.05, n = 12.
Similar results were found for Il6HBE14-o cells (a human bronchial epithelial cell line) and Calu-3
a lung cancer cell line with epithelial morphology

Interestingly conjugated bile acids did not elicit this response. Therefore in vivo
they would require bacterial de-conjugation to effect the levels of HIF-la.
De-conjugation of bile acids would normally occur in the ileum and colon but
could occur in the stomach of patients on PPI treatment were bacterial overgrowth
can occur. Consequently patients with lung disease and gastroesophageal reflux on
PPIs could be aspirating unconjugated bile acids into the lungs with the implied
effects on HIF-1.

As well as bile acids producing host cell responses it has been demonstrated
that whole bile can alter the growth characteristics of respiratory pathogens [29].
The authors showed that bile at high concentrations could push Pseudomonas
aeruginosa into a biofilm mode as opposed to planktonic growth. As evidenced by
increased pellicle formation and increased expression of quorum sensing mole-
cules key to switching growth characteristics. This effect was also induced in
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Fig. 4.4 Effect of bile acids on hypoxia inducible factor-1 (HIF-1) in airway epithelial cells. The
levels of HIF-1 are controlled by stabilization or degradation. Infection and inflammation stabi-
lizes HIF-1 and inhibits its breakdown by PHD (prolpyl hydroxylase domain proteins) hydroxylase
activity and that will lead to an acute inflammatory response. (*) Deconjugated but not conjugated
bile acids promote degradation of HIF-1, changing the cytokine profile to a chronic inflammatory
response

Burkholderia cepacia and Staphylococcus aureus. This growth modification has
serious implications in cystic fibrosis where reflux/aspiration is prevalent [30] and
patients are often infected with Pseudomonas aeruginosa [31]. Bacteria in biofilm
form are much more difficult to eradicate with antibiotics a situation seen in cystic
fibrosis.
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Human Studies

Human studies have been carried out to examine the role of reflux/aspiration in
disease progression and how anti-reflux therapy could slow or stop that progression.
Idiopathic pulmonary fibrosis (IPF) is a condition where gastro-oesophageal reflux
is highly prevalent. With oesophageal pH monitoring suggesting a prevalence of
distal reflux between 67 and 88% and proximal reflux between 30 and 71%. This
high level of proximal reflux being the most important as once the refluxate is at the
top of the oesophagus it is a small step to envisage the reflux leaving the oesophagus
and being aspirated into the lungs [32-34]. A study involving 204 IPF patients [35],
demonstrated that there was an association between gastroesophageal reflux and
lung fibrosis score. In that PPI or H, antagonist therapy was associated with a lower
fibrosis score. In addition anti-reflux therapy was an independent predictor of longer
survival time.

Another study [36] has attempted to link a biomarker of reflux related lung dis-
ease (pepsin) to pathological gastroesophageal reflux in children with chronic cough
or asthma. Fifty patients were included in the study and the presence of pepsin
determined in lung lavage samples collected at bronchoscopy. The subjects were
then divided into 22 positive for pepsin and 28 negative for pepsin. The presence of
pathologic reflux was determined using oesophagogastroduodenoscopy and multi-
channel intraluminal impedance. Non-acid reflux had a positive correlation with
pepsin positivity and it is important to note that pepsin retains activity above pH 4.0,
above which a refluxate is often defined as non-acidic [2, 19, 37]. The authors con-
cluded “Lung pepsin cannot predict pathologic reflux in the oesophagus but its cor-
relation with lung inflammation suggests pepsin may be an important biomarker for
reflux-related lung disease” [36]. This conclusion could be revised if one considers
any reflux between pH 1 and 7 as potentially pathologic to the oesophagus based on
pepsins ability to remain active over that pH range. Also if the refluxate is non-
acidic it may be a result of gastroduodenal reflux containing bile salts which can be
linked to oesophageal damage. However, ‘airway reflux” may result in epithelial
damage through other mechanisms. Attempts have been made to link reflux with
pulmonary disease/function by comparing patients with and without gastroesopha-
geal reflux disease. The classical sequence of events is reflux followed by micro-
aspiration which can cause inflammation and pulmonary fibrosis leading to
decreased gas exchange caused by damage to the alveolocapillary membrane. In
addition neuronally mediated bronchoconstriction occurs [38—40]. However the
paper by Bonacin et al. [41] suggested another pathway to loss of respiratory func-
tion. That is reflux/microaspiration can increase the pulmonary dead space. The
refluxate in the lung can cause damage to surfactant. This could result from the
action of bile salts which have been demonstrated in the lung lavage of transplant
patients [42, 43]. The damage to surfactant then results in alveolar collapse (micro-
atelectasis) leading to an increase in Qg/Qr indicating an increase in intrapulmonary
venous shunt.

The remaining human studies described in this chapter deal with lung transplan-
tation but the pathology of damage can shed some light on all reflux related lung
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damage. Because of the poor long term survival of lung allografts most studies have
concentrated on mediators of bronchiolitis obliterans syndrome (BOS). One such
mediator is type V collagen sensitization. Collagen V is found as heterotypic fibrils
with collagen I and collagen V is not exposed on the surface of the fibril [44]. When
the fibril is exposed to pepsin and or acid the outer collagen I is degraded and the
collagen V exposed. An auto-immune type reaction is initiated with monocytes and
T-helper 17 cells directed against the « I chain of collagen V [45, 46]. This leads to
fibroproliferation and the development of BOS (Fig. 4.5). This pathway was inves-
tigated by Bobadilla et al. [47] who showed that transplant recipients with GORD
had significantly higher sensitivity to Collagen V as assessed by the trans vivo
delayed type hypersensitivity reaction and had a significant reduction in BOS free
survival time. Several further studies have investigated GORD after lung transplan-
tation with reference to pathophysiology and implications for treatment. In a study
of 35 patients Davis et al. [48] demonstrated that the prevalence of GORD was 51%
and significantly more of the GORD positive patients had defects in oesophageal
motility compared to transplant patients without GORD. Also 36% of the GORD
positive patients had delayed gastric emptying and 12% Barrett’s oesophagus.

Collagen |

/ Collagen V

Reflux
Aspiration —

—*— (N S
S S I S

Monocyte + T-helper 17 cells
directed to a1 chain of Collagen V

Fibroproliferation

BOS

Fig. 4.5 Collagen V as a cryptic self-antigen in the lung. Collagen V is positioned in the middle
of a collagen I/V heterotypic fibril. Reflux/aspiration containing pepsin and or acid degrades the
surface collagen I exposing collagen V. Collagen V is recognised by immune cells leading to dam-
age and fibroproliferation and bronchiolitis obliterans syndrome
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Based on proximal pH sensor data the GORD group had significantly higher proxi-
mal reflux. These data demonstrate the potential for a substantial risk from reflux/
aspiration damage to the lungs in lung transplant patients with GORD and early
anti-reflux surgery should be considered to protect the allograft [49-51].

A small study of eight lung transplant patients with GORD and a pathological
white cell population demonstrated that laparoscopic anti-reflux surgery could cor-
rect the immune changes seen pre-surgery to a more physiological state.
Measurement of the white cell population and several cytokines were made 4 weeks
before anti-reflux surgery, 4 weeks after and 12 months after anti-reflux surgery.
Four weeks after surgery the neutrophil levels fell significantly from 6.6% to 2.8%.
The lymphocytes fell from 10.4% to 2.4% and the macrophages increased from
74.8% to 94.6%. In addition Interleukin 1§ levels fell and interferon y rose [52]. It
has also been shown that the levels of CD8 cytotoxic cells are significantly reduced
in lung transplant patients after fundoplication [53].

Summary

This chapter discusses three approaches to study the pathological processes involved
in lung disease. Firstly animal models where gastroduodenal reflux is generated by
surgically connecting the jejunum to the oesophagus in rats. This model can demon-
strate how reflux followed by aspiration can produce the pathology seen in asthma,
COPD and BOS seen post lung transplantation. Lung allograft models have been
developed to study the role of acid and pepsin in the development of BO.

Secondly cell models have allowed us to try and tease out the intracellular mech-
anisms leading to lung pathology. Such as; an increase in epithelial permeability a
signature of acute lung injury, Macrophage and smooth muscle cell migration and
tissue remodelling, and the role of HIF-1 in controlling the epithelial response to
aspirate.

Thirdly human studies that have demonstrated the links between reflux/aspira-
tion and fibrosis and tissue remodelling. Furthermore the effect of anti-reflux sur-
gery on halting/reversing the pathological processes is considered.
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Pathophysiology in the Lung

Chris Ward, Rhys Jones, Mellissa Friel, Eoin Hunt,
and Des Murphy

Gastro Oesophageal Reflux and Aspiration Occurs Normally
in Humans

This chapter discusses selected aspects of reflux, aspiration and pathophysiology in
the lung. It is complimented by reviews that exist in this broad area dealing with
adult [1-3] and paediatric patients [4—6].

Gastro Oesophageal reflux (GOR) describes the retrograde flow of stomach con-
tent into the oesophagus. Aspiration is a potentially dangerous scenario, where
refluxed material enters the airway and lung.

The amount of material that enters the airway and lung, frequency of the chal-
lenge and the activity of clearance mechanisms are important determinants of the
response to injury in individuals. The terms aspiration and micro aspiration are
used, the latter denoting smaller quantities of aspiration, which may be chronic and
deleterious, over time.

Individuals are predisposed to aspiration by decreased consciousness, compro-
mised airway clearance and dysregulated swallowing. Gastroesophageal reflux or
re-occurent vomiting are also risks. Aspiration into the airways and lung can there-
fore cause a wide range of pulmonary problems. These range from aspiration pneu-
monia, through to asthma and the bronchiolitis obliterans syndrome in lung allograft
recipients. Micro aspiration has increasingly been implicated as a contributing
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factor to airways disease [7]. It is of interest that a number of studies indicate that
such aspiration is often clinically occult, and there is potential that this is an under
recognised and under diagnosed injury in respiratory medicine [7, 8].

Broadly there are two mechanisms by which GOR is thought to produce lung
pathophysiology. In the first, direct mechanism gastric contents leaves the stomach
and refluxes above the upper oesophagus. Movement of stomach content into the
upper airway is variously described as laryngopharyngeal reflux (LPR), silent reflux
or airway reflux. This can lead to extra-oesophageal reflux symptoms and upper
airway injury and if aspirated into the tracheobronchial tree can produce airway and
lung disease. In addition to direct mechanisms of reflux associated damage, reflex
neural mechanisms are also thought to occur during reflux events. This indicates
that reflux can have effects in the distal airway and lung, which do not involve
‘direct’ contact with refluxate. This is covered in more depth in other Chapters of
this book.

It is important to recognise that GOR occurs in people without lung disease and
a degree of reflux is recognised as ‘normal’. In pH studies an oesophageal acid
exposure of <4.5% is considered in the normal range [9]. In a ‘normal’ population
of 72 healthy French and Belgian volunteers, mean age 35, with no known gastro-
intestinal disease or thoracic/abdominal history, a study showed an average of 40
reflux events in 24 h [10].

It has also long been recognised that as well as refluxing, healthy adults may
aspirate oropharyngeal secretions, especially during reclined sleep. An indium111
chloride study from 1978 showed that 45% of normal subjects aspirated during deep
sleep. In patients with “depressed consciousness”, aspiration was detectable in 70%
of patients [11].

This study noted the potential for bacterial pneumonia as a result of failed
clearance of aspirated bacteria. More recently pepsin, a putative marker of gastric
aspiration, has been shown to be detectable in control populations, both by our
group and independently by a number of international centres, using a range of
assay systems [12, 13].

Some level of reflux and aspiration may therefore be regarded as normal or phys-
iological. A valuable quantitative study by Gleeson et al. employed infusion of
2 mL/h radioactive 99mTec tracer into the nasopharynx to estimate the quantity of
occult aspiration of nasopharyngeal secretions during sleep in normal humans. This
showed that aspiration was common, occurring in 50% of healthy young men dur-
ing sleep, and was variable within subjects studied on more than one occasion. The
aspiration measured was 0.01-0.2 mL. This quantitation was noted as being consis-
tent with a potentially significant bacterial inoculum [14]. Normally cough and cili-
ary transport protect the airways and this indicates the vital role of normal airway
homeostasis and clearance. A fuller understanding of lung pathophysiology associ-
ated with reflux and aspiration therefore requires integrating an understanding of
GOR, aspiration and the homeostasis of an integrated aerodigestive compartment.
This is a challenge, since traditionally the GI and Respiratory systems have separate
literatures, healthcare teams and research groupings. A multi-disciplinary approach
is therefore required.
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Both GOR and aspiration are recognised potential sources of acute lung injury
and frank airway damage. It is of interest that the quantitative study of aspiration in
normals cited above was performed to contextualise the known association between
aspiration and pneumonia both outside and inside hospital/healthcare facilities.
Early concepts involved Herb Reynolds [15], an influential and notable North
American respiratory clinical academic who also pioneered early bronchoscopic
studies. The established literature linking aspiration and pneumonia is a consider-
ation relevant to the potential role for GOR and aspiration in other, chronic lung
disease. Cross reference may therefore be useful.

With age and functional decline, reflux may increase and defence mechanisms
become impaired: Fragile elders are recognised as being more vulnerable to devel-
oping aspiration, and pneumonia is notably more common in the elderly. Cognitive
impairment, stroke, or other conditions that cause incompetent swallowing are risk
factors for aspirating foreign material. Again these are more common in the elderly
and frail, who may also have abnormal levels of GOR and chronic lung disease. The
Iatrogenic potential of oral and inhaled corticosteroid treatment, use of antibiotics
and treatments that alter normal gastric physiology including proton pump inhibi-
tors [16, 17] are factors that may also be important in complex real world patients.
A number of factors can lead to overall lung injury and pathophysiology and this
complexity may be underestimated and requires further research. On the other hand
the pleiotropic effect of PPI therapy has recently been shown to lead to suppression
of lung inflammation and fibrosis in a rat model of bleomycin-induced lung injury
[18]. Given the common use of PPIs and ‘over the counter’ availability in many
countries, there is a need for further work in this area, interpreted in the whole
patient setting.

Lung Diseases Associated with GOR and Aspiration
Parenchymal Disease (See Also Chap. 16)

Interstitial lung diseases have consistently been associated with GOR and aspira-
tion. Idiopathic Pulmonary Fibrosis (IPF) may be regarded as an exemplar of this.
IPFis a chronic, progressive lung disease, with median survival figures of 2.5-5 years
from diagnosis. This manifests in patients over 60 years old with, has a male pre-
ponderance and comorbidities are common [19]. There are few effective treatments
except lung transplantation, for which few patients are eligible and this is an inter-
nationally recognised area in need of further research. It is currently postulated that
identification and treatment of comorbidities, including GOR, may have a clinically
significant impact and an overall outcome that’s is meaningful for IPF patients
where treatment options are limited [19].

An association between IPF and Gastro Oesophageal Reflux (GOR) was demon-
strated in an early study by Mays et al., which noted that hiatus hernia is common
in IPF patients. Hiatus Hernia is a consistently implicated risk factor in reflux [20].
Reflux in IPF has been highlighted by international consensus as a priority for
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research. The limited available data have demonstrated, through pH monitoring,
that GOR is significantly increased in patients with IPF as compared to normal sub-
jects, but may be clinically occult of peptic symptoms [21]. Recently this has been
confirmed by Raghu et al., demonstrating GOR on 24-h pH monitoring in 87% of
their subjects [22]. The literature is variable however with a recent systematic
review indicating that the prevalence of abnormal GOR in 23 studies ranged from 0
to 94%. Methodological considerations are clearly important. The prevalence of no
abnormal GOR was among 20 IPF patients participating in a study into mechanisms
of sleep-disordered breathing, with no history of GER recorded. The figure of 94%
came from a single North American group who studied consecutive, patients with
IPF who were newly diagnosed.

Until recently GOR assessment, including the few IPF studies performed to date,
focused on using conventional pH monitoring, limited to detecting acid refluxing
from the stomach. Newer technology based on measurement of electrical conduc-
tivity in oesophageal catheters may advance understanding. Such impedance mea-
surements allow quantification of both acid and non-acid reflux and normal ranges
have been established. However, impedance has several methodological problems.
Work evaluating pepsin and bile salts as markers of aspiration in healthy individuals
and patients with lung disease has also been performed [8, 13, 23, 24].

An influential retrospective study showed that GOR therapy including surgery
was associated with longer survival in IPF and a lower radiologic fibrosis score,
emphasising the need for further careful study [25]. Patients with IPF can experi-
ence acute exacerbations in their respiratory status leading to loss of lung func-
tion, morbidity and mortality. Occult aspiration of gastric contents has been
proposed as a possible mechanism. A study from the University of California [26]
showed that levels of lavage pepsin were correlated with clinical features and
disease course. Pepsin levels were an indicator of acute exacerbation status and on
average, pepsin appeared higher in patients with acute exacerbations compared
with stable controls although pepsin level was not an independent predictor of
survival time. These results suggested that occult aspiration may play a role in
some cases of acute exacerbation of idiopathic pulmonary fibrosis. Reflux and
aspiration have also been implicated in IPF with the finding that some patients
with IPF have marked asymmetry of their lung disease on high-resolution CT
(HRCT), potentially suggestive of aspiration from the gastrointestinal (GI) tract
[27]. These patients showed an increased prevalence of acute exacerbations, with
increased reflux symptoms.

The potential for combining physiological evaluation of reflux by pH imped-
ance, manometry and bronchoscopic investigation of BAL markers of aspiration
were also evaluated in a study by Savarino et al. [28]. IPF patients were found
to have higher levels of proximal reflux events than non-IPF patients and healthy
volunteers, in association with higher levels of BAL bile acids and pepsin. This
was often ‘asymptomatic’ of typical symptoms of GOR; i.e. heartburn/regurgi-
tation. The authors’ discussion included wide ranging interpretation. The find-
ings were reported to be consistent with a previous report suggesting that IPF
patients who underwent Nissen fundoplication “had an additional benefit in
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terms of life survival” [25]. Savarino et al. called for “outcome studies with
intense anti-reflux therapy” [28].

This an area that would benefit from timely and open research and discussion. It
is of potential concern that the current literature includes increasing numbers of
statements supporting surgical treatment for IPF. This is despite the lack of evidence
from trials. For example Allaix et al. concluded that “because there is no effective
therapy for IPF, it makes sense to treat the abnormal reflux by a well proven therapy
for GERD, a laparoscopic fundoplication” [29]. A conclusion that would seem
extrapolated from the experience of fundoplication in a non IPF population [30].
This is potentially made more complex by the suggestion that the label of IPF may
mean different things in different centres, due to diagnostic and methodological
variation [19].

IPF is a disease that is more common in the elderly and patients can be frail with
significant co-morbidities [19]. It is understandable that there is enthusiasm for
treatments that may benefit the overall pathophysiology of IPF. This should also
take into consideration the potential iatrogenic consequences of treatment however,
especially when ‘elective’. In a series of four patients from Johns Hopkins Hospital
with acute exacerbations in IPF, two of three patients who underwent video-assisted
thorascopic surgery (VATS) lung biopsy had a fatal outcome. A fourth patient sur-
vived an acute exacerbation after a total knee replacement but had a fatal outcome
after a subsequent coronary artery bypass graft surgery. This illustrates that both
lung and nonlung surgical procedures have a high degree of risk in patients with
IPF, indicating the need for very careful patient selection [31]. VATS lung biopsies
are rarely carried out in our regional centre. It is therefore valuable that there is a
current trial of surgical fundoplication that is estimated to finish in Dec 2016
ClinicalTrials.gov Identifier: NCT01982968.

Chronic cough is a persisting and dominant clinical feature of IPF, which has not
been sufficiently studied. Interviews with IPF patients have revealed that cough has
an extremely significant impact on patients’ quality of life (QoL). IPF cough is dry,
non-productive and hacking, with significant physical and social impacts. It has
been suggested that cough affects 73-86% of cases [32]. A recent study from the
Manchester group (see Chap. 25) objectively quantified cough in IPF. They con-
firmed that cough is a major, distressing and disabling symptom. There was a strong
correlation between objective cough counts and cough-related QoL measures [32].

Reflux and microaspiration have been postulated as a possible cause of cough in
IPF. The fact that cough receptors are expressed proximally, whereas the pathologi-
cal changes in IPF involve the parenchyma, lends physiological potential for a link
between GOR and cough in IPF.

Despite the narrative outlined above, prospective studies of antireflux treatment
in IPF are lacking. Our group has initiated a pilot randomised placebo controlled
trial of Omeprazole in IPF. ClinicalTrials.gov Identifier: NCT02085018. The pri-
mary outcome is the change in frequency of objectively measured cough from
beginning of the study to the end of treatment.

Consideration of the potential role of reflux in IPF illustrates a potentially
important conundrum relevant to IPF and other parenchymal pathophysiologies:
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the question of sow GOR and aspiration may result in anatomical changes in the
periphery and interstitium of the lung. Direct contact injury mediated by micro-
saspirate may not be consistent with the recognised alveolar/lung pathophysiol-
ogy of IPF. A possibility is that microsaspirate may in some way be converted into
a liquid aerosol, since it is recognised that particulate aerosols are able to reach
the alveolar spaces of the lung. This is exploited for therapeutic purposes in nebu-
lised medication but the biophysical principle is also relevant to human lung
injury. In animal models gastric juice is found to have rapid distribution in the
lungs and is detected in the subpleural zones within 20s following instillation in
the main bronchus of dogs [33].

Reflex neural mechanisms are also thought to occur during reflux events, indicat-
ing that reflux could have effects in the distal airway and lung which do not involve
‘direct’; contact with refluxate.

In contrast to the potential puzzle linking aspiration and peripheral lung dis-
eases such as IPF, it is conceptually more straightforward to understand how
aspiration may be linked with airway disease. Indeed, in our work evaluating a
potential role for GOR and aspiration in respiratory disease, we have noted that
some patients undergoing bronchoscopy have direct evidence of movement of
liquid into the airway, consistent with a potential injury, which can be visualised
in real time at bronchoscopy. Contact of aspirate with airway may represent an
important injury. GOR and aspiration have therefore been linked to a number of
airway pathophysiologies.

Airways Disease

COoPD
Reflux is a recognised co morbidity in COPD [34, 35]. Reviews of oesophageal pH
testing confirmed that reflux is present in 49-62% of COPD clinic patients [36, 37].

Potential mechanisms that predispose patients with COPD may include smok-
ing, obesity as well as exaggerated intrathoracic pressure shifts, increased coughing
and diaphragmatic flattening. The use of f2-agonists may also have an effect on
sphincter tone, [38] and predispose to people with airways disease who routinely
need to use inhalers to reflux.

Because lung function is not regained, exacerbations are recognised pivotal
events in the progression of many chronic lung disease including COPD. In an influ-
ential study the frequency and associations of exacerbation in 2138 patients enrolled
in the Evaluation of COPD Longitudinally to Identify Predictive Surrogate
Endpoints (ECLIPSE) study were evaluated in a multivariate model [39]. This
included an exacerbation during the previous year with an odds ratio (95% CI) of
5.72 (4.47-7.31), supporting the hypothesised “frequent exacerbation phenotype”.
Of interest, the second best independent predictor in the model was peptic symp-
toms of reflux or heartburn, with an OR of 2.07 (1.58-2.72).

It seems reasonable to speculate that the type of patient history in the ECLIPSE
study favoured the reporting of “acid reflux”. Arguably this may therefore
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systematically underestimate the role of overall reflux in COPD. This is because
nonacid components of refluxate, such as bile are damaging, potentially aspirated,
but are not necessarily denoted by symptoms associated with acid reflux [40].

A potential related concern from such work, not derived from the authors own
conclusions, was that the reported association might be used to over emphasise the
role of an antiacid therapy. This might be predicted to relieve symptoms associated
with acid reflux but possibly be less effective on overall reflux. The need for further
research in COPD was marked by interest and correspondence [41] and further
research has been stimulated.

In a South Korean study of 118 patients, symptoms of laryngopharyngeal reflux
(LPR) in patients with COPD were significant predictors for severe acute exacer-
bation of COPD, associated with diffuse oedema, erythema, and hyperaemia on
laryngeal examination. The potential interest of this finding is that LPR symptoms
are thought to relate to extra-oesophageal reflux, and a potential precursor to aspi-
ration [42].

Asthma

The equivalent of 1 in every 12 adults and 1 in every 11 children have asthma in the
UK and in Ireland asthma prevalence is the fourth highest in the world. In 2012,
1242 people died from asthma in the UK, one of the highest asthma death rates in
Europe. The economic and social impact of asthma is therefore huge.

A relationship between GOR and airways disorders such as asthma has been
long postulated. Several risk factors have been identified as occurring in association
with a more severe asthma phenotype including female sex, obesity, tobacco expo-
sure and GOR [43]. Hence, asthma and GOR share potential risk factors. Whether
any association between aspiration and asthma severity is the result of confounding
or is due to a direct independent effect remains unknown.

In keeping with this, previous studies suggest that GOR, often asymptomatic, is
common in asthma. Preliminary prospective data from our group suggest that 8/16
severe asthmatics attending a dedicated clinic had evidence of GOR on Barium
swallow, a further patient had undergone a fundoplication while 69% reported GOR
symptoms, with 14/16 patients on proton pump inhibitors. Extensive trials examin-
ing the potential of proton pump inhibitors to improve airways disease in asthma
have had mixed findings [44, 45]. Current evidence does not support the routine use
of these agents to improve outcomes in asthma. If non-acid reflux is an important
component of airway injury then proton pump inhibitors might be expected to be of
limited clinical efficacy or indeed increase the risk of aspiration. Studies which
evaluate the potential response to injury of different reflux components may there-
fore have a role in guiding individual treatment strategies in respiratory patients
with reflux and aspiration.

Cystic Fibrosis (CF)

Gastro-oesophageal reflux is known to occur frequently in children and adults with
CF and estimates of prevalence range from 55 to 90% [46]. The presence of reflux-
induced cough and reported gastro-oesophageal reflux have both been associated
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with reduced lung function [46]. High levels of pepsin, a gastric protease, have been
described in bronchoalveolar lavage (BAL) samples from children with CF [12].
People with CF are predisposed to reflux as a result of both primary and secondary
mechanisms and abnormal gastrointestinal motility. Reflux of duodenal contents
back in to the stomach is also common. Consistent with these observations high
concentrations of bile acids have been described in saliva and sputum of both adults
and children with CF [46, 47].

Reflux is also a common finding in lung transplant recipients, who may receive
the operation as a result of end stage CF lung disease [24]. Microaspiration of
refluxate has been implicated in the pathogenesis of bronchiolitis obliterans syn-
drome (BOS) [48]. Blondeau et al. found bile acids in 60% of BAL samples from
people with CF post-lung transplantation in addition to a series of other studies from
the Leuven group indicating a potential role for bile acid aspiration in the patho-
physiology of BOS [46].

We have previously shown that extraction followed by tandem mass spectrome-
try was necessary to document the low levels of bile acids produced by dilution
effects in human BAL [49]. In pilot work we detected bile acids in the lower airways
of nine people homozygous for Phe508del with advanced CF lung disease at the
time of lung transplantation [23]. We subsequently hypothesised that bile acids
were present in the lower airways of people with CF before and after lung transplan-
tation. To investigate we used mass spectrometry to detect and identify bile acids in
lower airway samples and oesophageal pH-impedance studies to provide physiolog-
ical measurements of reflux. Combined 24-h ambulatory pH impedance was per-
formed to investigate reflux [50].

We found that bile acids were detected in samples from the explanted lungs of all
19 participants with CF and in all BAL samples from the same individuals post-lung
transplantation. Of this group 9/19 had oesophageal pH-impedance studies per-
formed post-transplant. These studies identified abnormal overall reflux in seven
(78%) patients [50].

Our data therefore confirm that bile acids are present in the lower airways of
people with advanced CF lung disease, consistent with our previous observations
restricted to Phe508del homozygotes [23]. Longitudinal follow up showed that bile
acids continue to be detectable in the lower airways post-lung transplantation.
Furthermore, we found abnormal levels of reflux in most people with CF tested
post-transplant. At a physiological level this rare longitudinal information indicates
that reflux and aspiration is not simply a function of factors associated with chronic
lung disease, such as abnormal cardiothoracic pressure gradients caused by chronic
disease; our data demonstrate persistence post-transplantation, where cough is
attenuated and thoracic mechanical changes, caused by advanced lung disease, are
corrected.

CF is a multi-system disorder that involves both the respiratory and gastrointes-
tinal tract. Our work and that of others indicate that duodeno-gastro-oesophageal
reflux and subsequent microaspiration may be an under recognised contributor to
airway injury in CF lung disease. Treatments for reflux exist and a very limited lit-
erature has advocated fundoplication in CF. In a recent small open study of adult CF
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patients there was a fall in cough and exacerbation events reduced by 50% post-
fundoplication [51]. Fundoplication in children with CF has also been undertaken
but results have been varied [52].

Post-transplantation people with CF have comparable levels of BOS with patients
transplanted for other indications. However, the CF population post-transplantation
is heterogeneous and some individuals develop BOS with an aggressive onset and
this is now recognised as a complex, alloimmune and non-alloimmune response to
injury. Colonisation of CF allografts with Pseudomonas aeruginosa has been associ-
ated with bile aspiration and neutrophilic airway inflammation by the Leuven group
[53]. In turn, infection and inflammation, associated with bile aspiration, has been
linked to BOS and death in 260 lung transplant recipients in a recent University of
California series [54]. Further studies are therefore required in greater numbers of
patients. There is potential that outcomes of lung transplantation in CF, already
comparable with other indications on average, could be further improved. This
‘aerodigestive’ approach may have therapeutic implications in a disease where
available treatments are limited.

Non-cystic Fibrosis Bronchiectasis (NCFB)

Non-cystic fibrosis bronchiectasis (NCFB) is defined by structural remodelling and
dilatation of the airways, visible on high resolution computed tomography (HRCT).
Patients suffer from repeated episodes of bronchitis and chest infections and NCFB
has numerous causes. Around 50% of patients have no causative factor identified
however [55].

GORD may be a potential risk factor for NCFB. Studies utilising questionnaire
pH monitoring, show symptomatic and clinically silent reflux in 26-75% of patients.
Symptomatic GORD is also associated with reduced lung function, exacerbation
frequency and reduced quality of life in NCFB [56, 57].

The association between hiatal hernias (HH) and GORD has previously been
evaluated and increased prevalence has been reported in lung disease and GORD
[20, 58]. A HH follows disruption of the anti-reflux barrier at the gastro-oesophageal
junction such that part of the stomach protrudes into the thoracic cavity through the
oesophageal hiatus of the diaphragm. These anatomical changes lead to the devel-
opment of reflux [59].

With no studies of prevalence rate in NFCB patients we estimated the prevalence
of HH on HRCT among well-defined patients [60]. We compared clinical indices in
hiatal hernia-positive (HH+) and hiatal hernia-negative (HH—) patients in a retro-
spective observational cross-sectional cohort study of 100 consecutive bronchiecta-
sis patients. Imaging was assessed in a blinded fashion by an independent specialist
thoracic radiologist to determine the presence of HH and the extent of bronchiec-
tatic disease.

Eighty-one patients had adequate imaging and 36% were confirmed to have HH
on CT. HH-positive patients tended to have high BMI and had significantly increased
frequency of cystic bronchiectasis. An increased number of bronchiectatic lobes
were affected. This cohort therefore showed that HH a known risk for GORD cor-
related with increased extent and severity of radiological disease [60].
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In preliminary, supporting cell work we showed that bile acids may cause inflam-
mation and injure airway epithelium in challenge experiments of human bronchial
epithelial cells. Challenge with bile acids led to both IL-6, IL-8 and TGF-B release
[61]. This was attenuated by incubation of the cells with azithromycin and provided
potential mechanistic insights linking GORD and potential aspiration to the clinical
characteristics of NCFB [62].

BOS Post Lung Transplantation

This is a subject of Chap. 14 and we have contributed studies in this area. The role
of reflux and aspiration early post lung transplantation is of potential importance but
research in this setting is rare and challenging. Non-alloimmune injuries have been
increasingly recognised as risk factors for the Bronchiolitis Obliterans Syndrome
(BOS), consistently a major barrier to long term allograft success and function [63].
It is therefore hypothesised that early post transplant non-alloimmune injuries may
play a key role in predisposing the allograft to BOS, Chronic aspiration, secondary
to extra-oesophageal reflux, may be a significant non alloimmune injury to lung
allografts [8, 13, 53, 63]. Up to 75% of patients have demonstrable gastro-
oesophageal reflux disease (GERD) following lung transplantation.

The practical importance of a more detailed understanding of reflux and aspira-
tion injury in lung allografts is that treatments are possible. Anti-reflux surgery may
be associated with an increased survival and improved lung function [64]. This is
currently used in our centre in carefully selected patients. In particular, it has been
suggested that fundoplication within 3 months of transplant may significantly
reduce the incidence of BOS [12].

Since no previous studies had assessed lung transplant recipients for reflux/aspiration
in the immediate post-transplant period, we evaluated whether assessment was feasible
in the immediate post-transplant setting in the first prospective study immediately post-
transplantation to date [24]. Eighteen lung transplant recipients, were recruited. Eight
had abnormal oesophageal peristalsis and five had abnormal levels of extra oesophageal
reflux, despite the use of PPIs. Pepsin was detected in 11 of 15 BAL samples, signifying
aspiration. Bile salts were undetectable, using spectrophotometry and only detectable in
two patients using a more sensitive tandem mass spectrometry approach [24].

This study therefore indicated that lung transplant recipients can be assessed for
reflux/aspiration within the first month post-transplant. Reflux/aspiration was pres-
ent early post-operatively in some patients. These investigations are used in our
centre to contribute to clinical decisions regarding fundoplication of selected
patients post transplant. This has led to an integrated ‘aerodigestive’ mixed disci-
plinary team (MDT) clinical initiative in Newcastle [65].

The Role of a Mixed Disciplinary Aerodigestive Team Approach

In Newcastle patients with chronic lung disease where GOR is thought be a signifi-
cant comorbidity have been reviewed by a newly established, formal, “aerodiges-
tive” mixed disciplinary team (MDT) [65]. We now have 2 years of experience with
this approach. The MDT includes gastroesophageal surgical representation,
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respiratory physicians and anaesthetists. Day to day organisation is by a clinical
fellow (RJ) working closely with hospital secretarial staff for the respective consul-
tants. Prior to MDT discussion, each patient has oesophageal manometry, pH-
impedance testing, spirometry, high resolution thoracic CT, BAL results and notes
collated. Meetings are held in venues allowing group assessment of high quality
imaging. Action points for reflux treatment and further investigations are discussed,
decided and implemented by the MDT. This is documented by letter (MDT chair),
with notification of actions to the patient referral source.

In this setting we have investigated reflux and aspiration in over a hundred patients.
This has included an unselected IPF cohort of 35 patients. Oesophageal manometry
suggested normal oesophageal function in only 46%. pH-impedance demonstrated
supranormal GOR in 24 patients (69%). In nine the combination of clinical history
and structured questionnaire revealed no evidence of GORD. BAL pepsin concentra-
tions were significantly higher than those measured in four healthy volunteer controls.
Our preliminary experience therefore suggests that acid reflux and weakly acid reflux
was common and frequently asymptomatic in IPF patients, [65] but not found to the
same extents as the higher levels reported in the IPF literature [19].

This supports the need for carefully integrated assessments to inform potential
treatment of reflux in IPF, which may be facilitated by the MDT review. In addition
to patients with IPF our ongoing aerodigestive MDT has considered adult and pae-
diatric patients. Patients with IPF, CF, Bronchiectasis and from the transplant clinic
have been studied to date with this integrated approach.

Questions Raised by This Chapter

The potential relationships between reflux, aspiration and lung disease and issues dis-
cussed in this chapter suggest a number of questions for further research. The potential
from better understanding is that patient treatment may be personalised and improved.

What Is Normal?

Established normal ranges for levels of reflux and markers of aspiration and stan-
dardisation of methodology are required. Reflux data from an older age range would
be particularly helpful in diseases of the elderly such as IPF. This would help inform
the question of what is the clinical relevance of events-both severity and frequency of
events. Near patient testing of markers of aspiration may be useful in this setting.

The Importance of the Microbiome

With the increasing recognition of the importance of the human microbiome in
health and disease the understanding of the potential for reflux and aspiration to
affect the lung/GI microbiome is required. The relevance of this is suggested by
work from our centre indicating that biofilm forming Pseudomonas aeruginosa can
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be common in the lungs and gastric juice of patients with CF [66]. The effects of
common therapies such as proton pump inhibitors on the microbiome require fur-
ther investigation.

Understanding Therapy

The effects of therapies on reflux, aspiration and overall lung pathophysiology
require further work and open minded appraisal. Examples are the potential effects
of antibiotics, PPIs and commonly used inhaled medications on aerodigestive
(patho)physiology. Potential iatrogenic effects may be under recognised e.g. the
effects of PPI, inhalers and antibiotic therapy on aerodigestive microbiome homeo-
stasis. For example is the change in organisms responsible for pneumonia in the
infirm (hospital acquired, nursing home etc.) due to colonisation or aspiration? This
may be very relevant in terms of antibiotic choice and patient care.

Interrelationships Between Lung and Gastrointestinal
Pathophysiology: The Chicken and Egg of Reflux
and Aspiration

A potential theory that may account for the high prevalence of GORD in advanced
lung disease is related to the exaggerated pressure fluctuations between the thorax
and abdomen seen in pulmonary disease; this may challenge the normal gastro-
oesophageal barrier and predispose to the movement of stomach contents up the
oesophagus. Further research into whether reflux and aspiration leads to lung dis-
ease or is a consequence of lung disease could benefit understanding.

The Role of Surgical Fundoplication

Surgical fundoplication requires careful consideration in all patients and especially
the frail and groups with comorbidities. For example surgery in patients with IPF is
known to associate with death and acute exacerbations of lung disease.
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Effect of Reflux on Cough Sensitivity
and Bronchial Responsiveness

Peter V. Dicpinigaitis

Abstract

Gastroesophageal reflux is an extremely common condition often associated
with chronic cough, dyspnea, laryngeal discomfort, and other extraesophageal
symptoms. A considerable body of evidence has established an association of
reflux with the presence of cough reflex hypersensitivity and/or bronchial hyper-
responsiveness. However, the demonstration of such airway hyperreactivity does
not uniformly predict the presence of underlying pathology nor the occurrence of
symptoms. Furthermore, treatment aimed at suppressing cough reflex sensitivity
or bronchial responsiveness, even when successful, often fails to ameliorate
associated symptoms. Given that reflux, cough, and asthma are all very common
conditions, the association of reflux with cough reflex hypersensitivity and bron-
chial hyperresponsiveness is likely causal in some individuals and coincidental
in others. Adequately performed clinical trials evaluating the presence of patho-
logical reflux, its effect on cough reflex sensitivity, airway responsiveness and
pulmonary symptoms, as well as objective and symptomatic response to thera-
peutic interventions, will be most useful in elucidating the pathophysiologic
manifestations of reflux on the respiratory system.

Introduction

Gastroesophageal reflux (GERD) is a ubiquitous clinical problem that is associated
not only with the classic symptoms of heartburn and dyspepsia, but also with extra-
esophageal manifestations such as cough, laryngeal discomfort, and dyspnea.
Despite the documentation of enhanced cough reflex sensitivity and bronchial
hyperresponsiveness (BHR) in association with GERD, studies of pharmacological
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treatment of reflux have failed to demonstrate a clinically relevant, therapeutic ben-
efit in chronic cough [1, 2] and asthma [3-5].

This chapter will focus on basic and clinical studies examining the effect of
reflux on cough reflex sensitivity and on bronchial responsiveness. The association
of reflux and asthma is reviewed elsewhere in this book.

Reflux and Cough Reflex Sensitivity

Preclinical studies have suggested a variety of mechanisms through which acid and
non-acid refluxate may affect esophageal function and thereby enhance cough reflex
sensitivity. In a model of hydrochloric acid (HCI) and pepsin-induced acute esopha-
gitis in ferrets, investigators observed increased sensitivity of capsaicin-activated
inhibitory pathways affecting lower esophageal sphincter function, apparently
mediated by neurokinin (NK)-1 receptors [6]. In a model of ovalbumin-sensitized
guinea pigs undergoing esophageal mast cell activation by in vivo ovalbumin inha-
lation, intraluminal acid infusion activated esophageal nociceptive C-fibers, sug-
gesting that mast cell activation renders esophageal epithelium more permeable to
acid, thereby increasing esophageal vagal nociceptive C-fiber activation [7]. In a
recent study employing an ex vivo guinea pig esophageal-vagal preparation with
intact nerve endings in the esophagus, acid perfusion activated jugular, but not
nodose C fibers and inhibited both responses to esophageal distention. This inhibi-
tory effect was thought mediated mainly through transient receptor potential vanil-
loid-1 (TRPV-1) receptors, and may be relevant to esophageal sensory and motor
dysfunction in clinical acid reflux disease [8].

Numerous clinical trials have documented the association of reflux with enhanced
cough reflex sensitivity. Most have employed capsaicin, the pungent extract of the
red hot chili pepper, as the provocative tussive agent. Indeed, capsaicin remains the
most widely used tussive agent in clinical cough research, given its established
record of safe, dose-dependent, and reproducible induction of cough [9]. In an ele-
gant study of the effect of esophageal HCI infusion on capsaicin cough sensitivity,
investigators compared two groups of patients with GERD: those with and without
chronic cough. Only in patients with associated chronic cough did acid infusion
enhance cough reflex sensitivity; those with GERD but without chronic cough, as
well as a group of healthy volunteers, were not affected [10]. An earlier study of
distal esophageal acid infusion compared with saline infusion in patients with
asthma provided similar findings of enhanced cough reflex sensitivity to capsaicin,
though no changes were observed in pulmonary function parameters [11].
Interestingly, one of the earliest studies in this field demonstrated that patients with
GERD, but without cough or other respiratory symptoms, did indeed have enhanced
cough reflex sensitivity to inhaled capsaicin compared with non-GERD subjects,
thus suggesting that reflux is necessary but not sufficient for the induction of cough
in this patient population, and that other associated factor(s) are necessary [12]. Two
recent studies have compared cough reflex sensitivity between patients with acid-
and non-acid reflux, demonstrating no difference in capsaicin cough sensitivity
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between the two types of GERD [13, 14], but enhanced sensitivity compared with
healthy volunteers [13]. One pediatric study demonstrated similar findings to adults;
children with a confirmed diagnosis of GERD, by 24-h esophageal pH monitoring,
had significantly enhanced capsaicin cough sensitivity compared with healthy chil-
dren [15]. Furthermore, cough reflex hypersensitivity was noted only in the subjects
with significant distal, not proximal, acid exposure [15].

Several studies have evaluated the effect of reflux treatment on the associated
enhanced cough reflex sensitivity, with discordant results. In a group of 29 asthmat-
ics with reflux confirmed by 24-h pH monitoring, a short course of therapy with
omeprazole (20 mg twice daily for 12 days) decreased cough and cough reflex sen-
sitivity to capsaicin, with the decrease being positively correlated with proximal
acid exposure. Bronchial responsiveness to methacholine was not affected, though
asthma symptoms were improved in subjects with proximal reflux [16]. In a study
of 21 patients with reflux esophagitis and digestive symptoms, a 60-day course of
omeprazole resulted in decreased capsaicin cough threshold, digestive symptoms,
as well as cough and laryngeal symptoms in the subgroup of patients with those
complaints [17]. In a study of patients presenting for evaluation of chronic cough,
cough severity as measured by visual analogue scale (VAS) as well as cough sensi-
tivity to capsaicin were noted to be diminished in a subgroup of patients who
responded to specific treatment of underlying GERD [18]. On the other hand, two
studies failed to show inhibition of cough reflex sensitivity with treatment. In a
group of 13 patients with chronic cough associated with GERD, a course of therapy
with omeprazole (40 mg daily for 14 days) led to significant symptomatic improve-
ment based on the Leicester Cough Questionnaire, yet pH levels in exhaled breath
condensate (EBC) and capsaicin cough response were not affected [19]. In a study
of 101 patients with chronic cough, 35 patients with associated GERD did not dem-
onstrate suppression of cough reflex hypersensitivity to capsaicin after a 3-month
course of therapy [20].

As noted above, capsaicin inhalation cough challenge is commonly used to
assess cough reflex sensitivity [9]. Often, measurements are made to compare dif-
ferent subject populations, or, to measure the effect of a pharmacological or other
intervention on the cough reflex in a single subject. Several studies have evaluated
the effect of presentation of capsaicin to the gastrointestinal tract in terms of induc-
tion of symptoms of reflux. Two trials have demonstrated that the intraesophageal
administration of capsaicin induces esophageal and gastric symptoms of reflux in
patients with GERD as well as in healthy volunteers [21, 22]. Postprandial heart-
burn symptoms were also induced in 11 GERD patients when capsaicin was admin-
istered orally in the form of a 5 mg gelatin capsule [23]. Another study employing
intraesophageal administration of capsaicin in 12 subjects with GERD and ineffec-
tive esophageal motility demonstrated that capsaicin induced significant improve-
ment in esophageal body contractility, suggesting a potential therapeutic role for
capsaicin as a prokinetic agent in this patient population [24].

Citric acid is a long established provocative agent for cough challenge testing, but
in recent decades has been used much less frequently than capsaicin [9]. Nevertheless,
cough reflex sensitivity to citric acid has also been shown to be enhanced in subjects
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with reflux relative to healthy volunteers [25, 26]. Studies evaluating the effect of a
therapeutic intervention on citric acid cough threshold in patients with GERD have
yielded discordant results. In a group of elderly, institutionalized subjects with GERD,
1 month of therapy with lansoprazole, 30 mg daily, significantly raised the citric acid
cough threshold relative to placebo [27], whereas 8 weeks of treatment with esome-
prazole demonstrated no such effect [1]. Inhibition of citric acid threshold was noted,
however, in a group of patients with GERD after laparoscopic fundoplication [26].

Reflux and Bronchial Responsiveness

The instillation of acid into the esophagus has been shown to induce bronchocon-
striction and/or airway neurogenic inflammation in a variety of animal models,
including cat, dog, guinea pig and mouse [28, 29]. In humans, a variety of different
methodological approaches and subject populations have been investigated to
examine the role of acid reflux and its effect on bronchial responsiveness. Multiple
studies in asthmatics have demonstrated that intraesophageal instillation of acid
enhances bronchial responsiveness to methacholine [30-32]; associated broncho-
constriction was observed in most [30, 31] but not all [32] of these studies.
Interestingly, another study of esophageal acidification in asthmatics demonstrated
enhanced methacholine sensitivity only in the subgroup of subjects with docu-
mented reflux [33]. Other studies examining the relationship of reflux and bron-
chial responsiveness have demonstrated an association between number of reflux
episodes and bronchial responsiveness to methacholine in asthmatics [34], as well
as enhanced responsiveness to methacholine in non-asthmatic subjects with GERD
compared with healthy volunteers [35]. In an interesting twist on the subject, two
studies incorporating measurements of lower esophageal sphincter (LES) pressure
and esophageal pH have demonstrated the induction of reflux episodes during
methacholine-induced bronchoconstriction in subjects with asthma [36, 37].

The aforementioned studies incorporating bronchial challenge have used metha-
choline as the provocative agent. However, other studies using histamine as the
challenge agent have also demonstrated enhanced bronchial responsiveness after
esophageal acid instillation in asthmatics [38, 39] as well as in non-asthmatic sub-
jects with GERD [40].

Negative mechanistic studies have also been published. In a group of stable asth-
matics, pulmonary function and BHR to methacholine were not different between
subjects with and without GERD [41]. A study of esophageal acid perfusion in
subjects with mild persistent asthma demonstrated enhancement of cough reflex
sensitivity to capsaicin, but no change in pulmonary function parameters [11]. In a
group of poorly controlled asthmatics undergoing 24-h esophageal pH monitoring,
no difference was noted in respiratory symptoms, medication use, pulmonary func-
tion parameters or methacholine responsiveness between subjects with and without
proximal or distal reflux [42]. Similarly, no association was demonstrated between
nocturnal GERD symptoms and lung function and bronchial responsiveness to
methacholine in a prospectively followed group of non-asthmatic subjects [43].
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A number of studies have evaluated the effect of treatment of GERD on bron-
chial responsiveness. In a randomized trial of 30 patients with asthma and GERD,
those subjects treated for reflux with a regimen of daily omeprazole (20 mg) and
domperidone (10 mg three times daily) for 6 weeks, in addition to asthma therapy,
demonstrated improvement in pulmonary function parameters and inhibition of
BHR to histamine, compared to subjects treated with asthma therapy alone [44].
Another study of patients with asthma and GERD receiving an 8-week course of
therapy with lansoprazole (30 mg daily) documented inhibition of bronchial respon-
siveness to methacholine, though no significant improvement in pulmonary func-
tion parameters [45]. One study of asthmatic children with GERD, documented by
esophageal pH monitoring, demonstrated inhibition of BHR to methacholine after
prolonged anti-reflux therapy [46]. A study of non-pharmacological GERD therapy
with Nissen fundoplication demonstrated, in a group of asthmatic and non-asthmatic
subjects, a positive correlation between the severity of distal esophageal reflux and
bronchial responsiveness to methacholine, as well as inhibition of BHR in asthmatic
subjects after operative intervention [47]. Furthermore, in a study of patients with
endoscopically documented esophagitis and no previous history of asthma, a
6-month course of therapy with pantoprazole, 40 mg daily, significantly inhibited
bronchial responsiveness to methacholine [48].

In contrast, other studies have failed to demonstrate an effect of reflux therapy
on BHR. In a randomized, double-blind, placebo-controlled study of 36 subjects
with airway obstruction, severe airway hyperresponsiveness despite maintenance
therapy with an inhaled corticosteroid, and GERD documented by 24-h esophageal
pH measurement, a 3-month course of omeprazole, 40 mg twice daily, had no
effect on pulmonary function parameters and degree of bronchial responsiveness to
methacholine, despite a significant effect on acid reflux and reflux symptom scores
[49]. In a study of 29 asthmatics with objectively documented reflux, a 12-day
course of omeprazole (20 mg twice daily) inhibited cough reflex sensitivity to cap-
saicin, but had no effect on bronchial responsiveness to methacholine [16]. A
recent study evaluating the effects of high-dose esomeprazole (40 mg twice daily)
and of fundoplication in asthmatic and non-asthmatic subjects with GERD found
no difference in pulmonary function parameters and airway responsiveness to
methacholine after 3 months of pharmacological therapy, as well as 3 months after
surgical intervention [50].

Conclusion

A significant body of evidence documents the association of gastroesophageal
reflux with enhanced cough reflex sensitivity and/or enhanced bronchial responsive-
ness. However, the presence of such hyperresponsiveness does not uniformly pre-
dict the presence of underlying pathology or presence of symptoms. Furthermore,
treatment aimed at suppressing cough reflex sensitivity or bronchial responsiveness,
even when successful, often fails to ameliorate associated symptoms. Thus, the rel-
evance of acid and non-acid reflux to airway hypersensitivity is likely a heteroge-
neous phenomenon, varying from one condition or patient phenotype to another,
and quite possibly varying from patient to patient within one diagnostic category.
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Abstract

Gastro-oesophageal reflux disease may present with extra-oesophageal symp-
toms. A wide assortment of questionnaires is available to use for the evaluation
of different dimensions of the classical symptoms of gastro-oesophageal reflux
disease. In contrast, there are very few validated questionnaires available which
evaluate extra-oesophageal symptoms. In this review specific questionnaires
which evaluate variously termed laryngopharyngeal, supra-oesophageal or air-
way reflux are described and discussed.

Introduction

The classical symptoms of gastro-oesophageal reflux disease (GORD) are reported
by up to a third of the population in the western world [1-3]. The most commonly
reported symptoms of GORD are heart burn and regurgitation. However GORD
may have a varied presentation. At a consensus meeting in Montreal, GORD was
defined as “a condition that develops when the reflux of stomach contents causes
troublesome symptoms and/or complications” [4]. This is a definition primarily
based on symptoms. Even in the gastroenterology fraternity the atypical, or so
termed “extra oesophageal”, manifestations of GORD are increasingly being recog-
nised. For instance in the Montreal Classification chronic cough and laryngitis,
amongst others, are grouped amongst the extra oesophageal syndromes of GORD. In
literature these symptoms have been variously described as “extraoesophageal”,
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“laryngopharyngeal” “‘supraoesophageal” or “airway” reflux, with considerable
overlap. The author’s personal terminology of choice is airway reflux.

The characteristics of airway reflux are quite different from those of oesophageal
reflux in many ways, including the clinical presentation. This is due to the composi-
tion of the refluxate being predominately gaseous and non or weakly acidic [5]. In
fact, the typical dyspeptic symptoms of GORD are often absent in those presenting
solely with airways reflux. Patients may present only with a cough, throat clearing,
hoarseness of voice or globus sensation [6]. Factors such as association of symptoms
with eating, phonation or change in posture may suggest airways reflux. Findings on
laryngoscopic examination as codified by a “reflux finding score (RFS)” has been
described, may also support the diagnosis of airway reflux [7]. However these find-
ings are variable both between patients as well as between evaluators. Trial of treat-
ment with acid suppressive therapy, an effective option in classic GORD, has limited
utility in the management of airway reflux [8]. The above in conjunction with a lack
of classic specific symptoms poses a diagnostic challenge, especially to those who do
not assess patients presenting with airway reflux on a regular basis.

A diagnosis of GORD is made based on the combination of typical symptoms,
response to acid suppressive therapy and objective investigations; the presence of
symptoms being the key. However the correlation of symptoms with the various
diagnostic modalities, including oesophago-gastro duodenoscopy (OGD), radio-
logical investigations and 24-h pH study is poor [9—11]. A wide assortment of ques-
tionnaires has been used in the assessment of GORD. These assess disparate
dimensions of GORD which include symptoms, diagnosis, response to treatment
and disease-specific quality of life. A recent systematic review on this topic identi-
fied a total of 65 questionnaires [12]. Of these 3 were generic gastrointestinal and
33 addressed classic gastrointestinal symptoms of GORD. Since many of the symp-
toms of airways reflux are quite different from that of classical GORD, the diagno-
sis may not be straightforward if GORD specific questionnaires are used. There is
also no specific objective gold-standard diagnostic test to detect airway reflux.
Therefore an objective, simple, highly sensitive investigation to make a diagnosis of
airway reflux is lacking. Hence there is a need for a standardised and validated ques-
tionnaire to aide in the diagnosis of airway reflux. In comparison to the plethora of
questionnaires evaluating the classical oesophageal symptoms of GORD there are
very few questionnaires pertaining specifically to airway reflux.

Airway Reflux Questionnaires

As described above the literature is replete with questionnaires assessing the classi-
cal manifestations of GORD. On the contrary very few are available which evaluate
airway reflux. Four specific questionnaires have been described which evaluate vari-
ously termed laryngopharayngeal, supraoesophageal or airway reflux. These 4
questionnaires assessing airway reflux are the Hull Airways Reflux Questionnaire,
the Reflux Symptom Index, the Supraesophageal Reflux Questionnaire and the
Pharyngeal Reflux Symptom Questionnaire [13-16]. These questionnaires are
described in detail below.
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Reflux Symptom Index (RSI)

The Reflux Symptom Index (RSI) is a well established diagnostic tool. It has been
validated in the context of patients with voice disorders and has been designed to
assess the severity of laryngeal symptoms that may be secondary to laryngopharyn-
geal reflux (LPR) [14]. It comprises a nine-item self-administered questionnaire.
The scale for each individual item in the questionnaire ranges from 0 (no problem)
to 5 (severe problem), giving a maximum possible score of 45. The RSI asks the
question “Within the last month, how did the following problems affect you?”” with
scoring as above. The specific questions are as below.

. Hoarseness or a problem with your voice

. Clearing your throat

. Excess throat mucus or postnasal drip

. Difficulty swallowing food, liquids or pills

. Coughing after you ate or after lying down

. Breathing difficulties or choking episodes

. Troublesome or annoying cough

. Sensations of something sticking to your throat or a lump in your throat
. Heartburn, chest pain, indigestion, or stomach acid coming up

O 0 1 O\ RN

The validation cohort for the RSI comprised 25 patients with LPR, selected on
the basis of the clinical diagnosis being confirmed by 24-h ambulatory pH record-
ing. The questionnaire was repeated at a mean duration of 8 days and age and gen-
der matched asymptomatic individuals without any evidence of LPR were used as
controls. The RSI was shown to be both reproducible and responsive to treatment.

Supraesophageal Reflux Questionnaire (SERQ)

The SERQ was developed and validated to evaluate the symptoms of supraesopha-
geal reflux (SER). The rationale for developing the SERQ was that the RSI lacked
content domains concerning frequency and duration of symptoms [15]. In the vali-
dation study for the SERQ the RSI was evaluated as well. This was because the RSI
validation study analysed the overall reproducibility of the questionnaire but not
that of the individual items themselves, leading to some uncertainty as to their valid-
ity. The SERQ was developed by incorporating questions to characterise symptoms
commonly attributed to SER. Nine symptom domains (throat clearing, globus sen-
sation, dry cough overall, nocturnal cough overall, sore throat overall, dysphagia
overall, hoarseness overall, heartburn overall and acid regurgitation overall) were
included with three questions per domain to detail symptom duration, frequency
and severity. Additional items regarding medical conditions and medications were
used to identify factors that might impact patients’ symptoms.

Patients were recruited from unselected oesophageal and ENT Clinics. A group
of patients completed both the SERQ and the RSI on two occasions, 2-21 days after
the first, to evaluate reproducibility of the questionnaires. Two hundred and twenty
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four patients took part in either the concurrent validity or the reproducibility phases
of the study. A weighted kappa statistic was used for assessment of validity and
reproducibility; k values greater than 0.8 considered excellent and that greater than
0.6 good. The concurrent validity and reproducibility of both instruments was good
to excellent for most items tested. On several parameters the SERQ was observed to
be superior to the RSI; none of the RSI items had significantly better concurrent
validity than the SERQ items. Not only does the study validate the SERQ but in
addition independently validates the RSI. It is to be noted that the RSI was observed
to be completed in a minute compared to 10 minutes it takes for the SERQ.

To evaluate predictive validity, or the ability to diagnose SER, the treating physi-
cians overall impression of SER was used as the “gold standard”. Both the RSI and the
SERQ were evaluated in this manner. Logistic regression modelling indicated that
chronic sinusitis and the use of over-the-counter (OTC) medications were associated
significantly with physician impression of SER, after adjusting for all other covariates
(P=0.04 and P < 0.001, respectively). The estimated odds ratio (95% confidence inter-
vals) for chronic sinusitis and OTC medications were 0.44 (0.2, 0.96) and 4.78 (2.22,
10.30) respectively. The SERQ, with the covariates of chronic sinusitis use and OTC
acid suppression medication use, was shown to demonstrate better predictive value for
SER than the RSI and the SERQ without these covariates.

Pharyngeal Reflux Symptom Questionnaire (PRSQ)

The aim for the development of the PRSQ was to evaluate both frequency and sever-
ity of laryngopharyngeal reflux (LPR) symptoms, both parameters not being part of
the RSI or the SERQ), in an attempt to improve the sensitivity of the instrument [16].
The PRSQ is self administered and in the initial version consisted of 24 items,
including both frequency and severity aspects, within the following domains; Cough
(9 questions), Voice/Hoarse (5 questions), Dysphagia (4 questions), Reflux (3 ques-
tions) and Chest (3 questions). Patient responses were on a six-point Likert scale for
frequency and severity with a 4-week recall period. Frequency of symptoms ranged
from “0” (never) to “5” (7 days a week). Severity of symptoms ranged from “0” (not
at all/no bother) to “4” (very bothersome).

Patients who had symptoms thought to be commonly associated with LPR
(hoarseness, chronic cough, globus or chronic throat clearing) and who had a two-
level 24-h pH monitoring done were invited to participate in the study. In addition
to the PRSQ, subjects completed the RSI, the Laryngopharyngeal Reflux Health
Related Quality of Life questionnaire (LPR-HRQL) and the SF-36, a generic ques-
tionnaire to measure HRQL. Two hundred and twenty-eight subjects were included
in the validation study. On an RSI score cut off of 13, 126 were classified as normal
controls. Following evaluation of the initial PRSQ a total of seven items were
excluded from the initial 24. This led to the final version of the PRSQ having 17
items in four domains (“Chest” being excluded), assessing frequency and severity.
The 17 questions of the PRSQ are as below.

1. Coughed in day time
2. Coughed at night
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Felt that your voice changed, sounded worse
Had difficulties swallowing
Had a “burning” sensation in the throat
Coughed after meals
Suffered from acid regurgitation
Been hoarse
9. Had phlegm in throat
10. Had pains when swallowing
11. Suffered from heart burn
12. Had a strained voice
13. Had a sore throat from talking
14. Been coughing when lying down
15. Been coughing when upright
16. Had a tired voice, felt speaking to be tiring
17. Had a lump in your throat

A

The PRSQ was well accepted by patients with satisfactory compliance and low
missing item rates. Following the item reduction process the final construct achieved
was with noscaling errors and high internal consistency (Cronbach’s alpha coeffi-
cient 0.79-0.93). The PRSQ was evaluated in a cross-sectional design study and
was not re-tested, which may limit generalizability. The responsiveness of the PRSQ
to any intervention was also not evaluated in this validation study.

Hull Airways Reflux Questionnaire (HARQ)

The authors of the HARQ hypothesised that patients with chronic cough represent
a distinct entity consisting of chronic cough with cough hypersensitivity and termed
it the Cough Hypersensitivity Syndrome [13]. The HARQ elicits the major symp-
toms of this clinical entity. Some questions analogous to the RSI were used in the
HARQ, with permission from the authors of the RSI. The validated questionnaire
consists of 14 questions with responses on a numeric response scale from 0 to 5. A
score of “0” means that no problems are caused by the symptom and “5” implying
severe/frequent problems. Thus the total score can range from O to 70. The HARQ
is a self-administered questionnaire and is depicted below (Table 7.1).

The HARQ was validated in prospective patients presenting with chronic cough
to a dedicated “Cough Clinic”, the Hull Cough Clinic. Patients were requested to
complete the questionnaire at the clinic review. Subsets of patients completed the
questionnaire 4—-8 weeks prior to the clinic review and 2 months after the clinic visit.
Normal volunteers were used as controls. Therefore, validity of the questionnaire,
reproducibility as well as response to treatment could be ascertained.

One hundred and eight-five patients and 70 volunteers were included in the vali-
dation study. All items in the scale significantly correlated positively with others in
the scale and with the total score. Factor analysis did not produce clear or interpre-
table factors with either two or three factors. The questionnaire is best treated as
having a single dimension. The Cronbach’s alpha coefficient for the scale was
observed to be 0.81. On repeatability testing in 96 subjects using Cohen’s kappa
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Table 7.1 The Hull Airway Reflux Questionnaire. This is self-administered and has 14 items.
Responses to each question can vary from O to 5

Within the last month, how did the following problems affect you?
0 =no problem and 5 = severe/frequent problem

Hoarseness or a problem with your voice 01 (23|45
Clearing your throat 01 (2345
Excess mucus in the throat, or drip down the back of your nose 01 /2|3 4|5
Retching or vomiting when you cough 0|1 /2|3 45
Cough on first lying down or bending over 01 (23|45
Chest tightness or wheeze when coughing 01 (23|45
Heartburn, indigestion, stomach acid coming up (or do you take 0121|345
medications for this, if yes score 5)

A tickle in your throat, or a lump in your throat 0121|345
Cough with eating (during or soon after meals) 0121|345
Cough with certain foods 01 (23|45
Cough when you get out of bed in the morning 0121|345
Cough brought on by singing or speaking (for example, on the 0121|345
telephone)

Coughing during the day rather than night 01 |2 415
A strange taste in your mouth 01213 45
Total score _ /70

Copyright of the University of Hull and is available for use for free for research purposes, but
requires a licence for commercial purposes. Version 5, July 2009

with quadratic weights, significant agreement was noted for all items of the ques-
tionnaire. Good agreement (kappa >0.6) was obtained for 11 items and moderate
agreement (kappa between 0.4 and 0.6) for the remaining three. There was a ten-
dency for the first score to be greater than the second score. The correlation coeffi-
cient between the scores was 0.78.

There was a marked difference in the HARQ scores between patients and normal
volunteers with little overlap. Both direct estimation as well as mean +2 SD yielded
the best estimate of the upper limit of the 95% reference range to be 13. Using 13 as
a as a cut-off point the estimated sensitivity and specificity of the HARQ was calcu-
lated to be 94.1% and 95% respectively. This led to the construction of a receiver
operating characteristic curve which was very striking (Fig. 7.1). It was also shown
that the HARQ was responsiveness to change; if cough improved the HARQ scores
significantly decreased.

Composite Questionnaires

There is both considerable overlap as well as differences between the symptom-
atology of GORD and that of airways or extraoesophageal reflux. There have been
attempts to combine questionnaires assessing classical GORD with that of extrao-
esophageal reflux. One such is the Comprehensive Reflux Symptom Scale
(CReSS) [17]. One of the commonly used questionnaires to asses classic GORD
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Fig. 7.1 Receiver operating characteristics curve for the Hull Airways Reflux Questionnaire

is the Gastroesophgeal Symptoms Assessment Scale (GSAS) [18]. The CReSS
combines the GSAS, as the original score described with 25 items, and the RSI
resulting in a 34-item questionnaire. The CReSS uses a Likert scale to record
symptoms as experienced in the preceding month. For individual questions scores
range from O (no problem) to 5 (severe problem). Hence, the total score can range
from O to 170 with higher scores indicating greater burden of symptoms. The
CReSS was demonstrated to have good internal reliability with a Cronbach’s
alpha coefficient of 0.93. Three major, robust CReSS factors emerged; oesopha-
geal, pharyngeal and upper airway.

Discussion

The classic symptoms of GORD are well recognised. In someone presenting with
these classic symptoms of GORD in conjunction with respiratory/airway symptoms
one may argue that the diagnosis is rather easy to make with no need for any diag-
nostic questionnaires. However often patients may present only with the airway
symptoms without the classic features of GORD. Here specific questionnaires to
assess airways reflux are likely to have diagnostic utility, especially so to those phy-
sicians who do not see this patient group on a regular basis or are unaware of the
significance of questions such as ‘a funny taste in the mouth’ or ‘cough on rising’.



88 S. Faruqi

These standardised questionnaires are also useful from the research perspective,
particularly in assessment of therapeutic efficacy.

Though both the SERQ and the PRSQ are validated questionnaires they are quite
cumbersome to use. This limits their application in routine clinical practice.
Similarly the CReSS suffers from the same limitation, but to a greater degree, mak-
ing routine clinical use difficult. In contrast, both the HARQ and the RSI are rela-
tively easy self administered tools conducive to use in the outpatient setting, as well
in formal research studies. Both these validated questionnaires have been widely
used in clinical practice. The RSI has been in use to aide in the diagnosis of LPR for
over 15 years now. It has been independently validated by groups separate to the
describing authors, again in the context of LPR. It is the most used questionnaire to
aide in the diagnosis of LPR and has been validated in languages other than English
such as French, Italian, Arabic, Filipino and Chinese [19-23]. The threshold for the
cut-off to diagnose LPR has been described in the allergy patient population [24]. In
the context of LPR it has been used to asses outcome in trials of medical as well as
surgical therapies [25-28].

Validation of the HARQ was described in 2011. Similar to the RSI the HARQ
has also been validated separately and in different languages as well [29, 30] (avail-
able on ISSC.info). The unique nature of the HARQ is that it is a diagnostic aide in
those presenting with chronic cough rather than symptoms of LPR. Chronic cough
without any associated obvious respiratory disease is one of the most common pre-
sentations to secondary care. As an underlying attribute, patients with chronic cough
have afferent upper airways sensitivity to a wide variety of common irritants. The
authors of the HARQ hypothesised, founded on their experience of evaluating
patients with chronic cough, that these patients could be categorised as having a
single syndrome based on their symptom complex. This was termed the “Cough
Hypersensitivity Syndrome” and the HARQ was constructed to diagnose this.

The authors suggest that the major precipitant of this syndrome is airways reflux
with phenotypes existing within this umbrella rubric. This airways reflux can be
gaseous, non-acid and undetectable by currently available diagnostic methodolo-
gies. One may also hypothesise that in the context of airway hypersensitivity, nor-
mal or physiological reflux episodes may also lead to cough and the perpetuation of
cough hypersensitivity. The HARQ was excellent at differentiating those with this
syndrome as compared to normal volunteers with sensitivity and specificity of 94
and 95% respectively, using a cut-off score of 13. The striking ROC curve, with the
area under the ROC curve of 0.99, yields outstanding ability to differentiate subjects
from controls. The area under the ROC curve was exactly the same in the Swedish
validation study [30]. This can be interpreted that for 99% of pairs of people
(patients and controls), the patient would have the higher score.

Cough in many respiratory diseases is thought to be related to reflux. The HARQ
has been used to evaluate underlying airways reflux in many chronic respiratory
diseases including idiopathic pulmonary fibrosis, cystic fibrosis as well as non-
cystic fibrosis bronchiectasis [31-33]. Similar to the RSI the HARQ has also been
used to evaluate outcomes of medical and surgical interventions [8, 34-36]. In con-
clusion specific validated questionnaires have been shown to aide in the diagnosis
of airway reflux. The RSI has been extensively used in the context of LPR. In the
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context of respiratory conditions, and in particular chronic cough, the HARQ has
been commonly used. Hence the applicability of the above two questionnaires is in
different clinical contexts. All questionnaires come with their own limitations and
have to be interpreted in the clinical context of the patient. The use of the question-
naire itself doesn’t “establish” a diagnosis but aids in making one; a diagnosis
should be made in the clinical context.
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Pepsin Detection as a Diagnostic Test 8
for Reflux Disease

Peter W. Dettmar, Rhianna K. Lenham, Adrian J. Parkinson,
and Andrew D. Woodcock

Abstract

Background: The history of pepsin dates back to 1836, when it was discovered
by Theodor Schwann. In 1938 Herriott studied the conversion of pepsinogen to
pepsin, which is now known to be most aggressive proteolytic enzyme in gastric
refluxate. Pepsin has been identified as a biomarker of gastric reflux into the
esophagus, the airways and the lungs. Peptest was developed as a non-invasive,
sensitive and specific diagnostic test to rapidly identify reflux in patients pre-
senting with a range of symptoms and introduced on to the UK market in August
2010.

Methods: Patients diagnosed with the symptoms of gastro esophageal reflux
disease (GERD), extra esophageal reflux (EER), laryngopharyngeal reflux (LPR)
and various respiratory diseases were tested for the presence of reflux by Peptest.
The reflux diagnostic test is based on lateral flow technology and contains two
unique anti-pepsin human monoclonal antibodies; one to detect and one to cap-
ture pepsin within a clinical sample. The intensity of the pepsin ‘test’ line within
the window of the lateral flow device is measured using a Peptest cube reader and
the intensity automatically converts to a concentration of pepsin (ng/ml).

Results: There are over 100 publications describing the reflux diagnostic
activity of Peptest across upper gastrointestinal and airway/lung diseases.
Compared to healthy asymptomatic control subjects patients presenting with
heartburn were shown to have a significantly higher prevalence of salivary pep-
sin. There is growing evidence that pepsin is a major aetiological factor in LPR
and Peptest is routinely used in many ENT clinics. Key respiratory centres in the
UK and the Czech Republic demonstrated similar pepsin positivity in patients
presenting with a range of respiratory diseases.
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Conclusions: Peptest as a marker of prior reflux improves the accuracy of reflux
diagnosis in order to better tailor appropriate treatments in patients presenting
across a range of upper gastrointestinal, airway and respiratory diseases. Therefore
reducing the use and dependency on invasive and expensive diagnostic tests.

Keywords

Peptest - Reflux disease - Diagnostic tests - Salivary pepsin - Gastro-esophageal
reflux disease - Laryngopharyngeal reflux - Respiratory diseases - Lateral flow
teat - Unique pepsin monoclonal antibodies

Introduction
History of Reflux

The anatomy of reflux is illustrated in Fig. 8.1. The origin of reflux disease dates
back to 1903—Coffin stated gas refluxed from the stomach was responsible for
causing hoarseness and rhinorrhoea, often being misunderstood and classified as
heartburn as described in Gelardi et al. [1]. Current research has led to the
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Fig. 8.1 The anatomy of
reflux
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understanding and definition that reflux is ‘an event that causes troublesome symp-
toms, mucosal injury in the oesophagus, or both of these’ [2] causing a plethora of
problematic painful symptoms for reflux disease sufferers including postnasal drip
and regurgitation [3]. Within the growing population gastroesophageal reflux dis-
ease (GERD) is known to be affecting up to 20-40% of the adult population and
extra esophageal reflux (EER) additionally affecting up to 20-30% [4, 5] with a full
percentage breakdown presented in Fig. 8.2.

History of Pepsin

The history of pepsin dates back to 1836 when Theodor Schwann made the remark-
able discovery of the compound [6]. Studying digestion through mucus membranes,
Schwann obtained a yellow-tinged filtrate and proceeded to note the effects of the
filtrate were different to those of hydrochloric acid also present, subsequently nam-
ing the filtrate pepsin [7].

Northop crystallised porcine pepsin and his description allowed Herriott in 1938
[7] to discover and study the conversion of pepsinogen to pepsin. He concluded
pepsin is secreted as its precursor pepsinogen and upon acidification pepsinogen is
converted into the active form of pepsin. Now, after years of extensive research it is
known that pepsin is the most aggressive proteolytic enzyme of the gastric contents,
responsible for causing damage to internal tissues and organs including the esopha-
gus (see Fig. 8.3).

Fig.8.2 Prevalence of PREVALENCE OF REFLUX

reflux By Percentage Global Population

* GERD —20%-40%

* EER -20%-30%

* Chronic diseases affecting all age groups
¢ A major clinical problem

¢ Can lead to more serious conditions

PEPSIN

* Major component of gastric refluxate

e Composed of a family of isoenzymes

* Pepsin 3 complex accounts for 80% of total pepsin
¢ Main activity pH 2 to pH 4

e Active up to pH 6.5

e Denatured pH 7.8

¢ Normal basal secretion

Fig. 8.3 Key information o 123mg/hr
about pepsin o 0.9mg/ml
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The structure of human pepsin was determined using x-ray crystallography dis-
playing the molecule to be composed of 2438 protein atoms, 102 water molecules
and have a disulphide separation of 2.0 A (see Fig. 8.4). Correlations were found
when comparing the amino acid sequences of human and porcine pepsin, [8, 9] with
the only true differences occurring at amino acids 8 and 18. At amino acid 8, human
pepsin contains glutamine whereas lysine is present in porcine pepsin, similarly
amino acid 18 in human pepsin is phenylalanine which is replaced by tyrosine in
porcine pepsin [10]. This slight alteration results in subtle chemical differences
between the two species of pepsin such as the pH they are denatured and their iso-
electric point.

Luebke (2016) reports pepsin is irreversibly denatured at pH 8 due to the deple-
tion of the molecule’s secondary structure, however, the enzyme is dormant and
stable up until pH 7.5, eventually resulting in consequences such as GERD [11].
This is due to re-acidification occurring, allowing the dormant pepsin to be
re-activated and exposing its damaging effects. Furthermore, pepsin is maximally
active over a wide range of pH values including 3.2 and 4.2, however the enzyme’s
optimal pH for digestion is 2 [12, 13]. This vast range of activity emphasises pepsin
to be a major aggressive enzyme as the re-acidification process does not need to
occur at a pH as low as the gastric juice (pH 1) but can happen through the con-
sumption of an acidic drink [14].

In addition, pepsin is composed of a family of isoenzymes, all of which have
slightly different characteristics and optimal pH values further embedding
pepsin to be maximally active over a wide pH range. Human gastric juice con-
tains isoforms 1, 3a, 3b, 3¢ and 5 with pepsin 3b being the most prominent
[15] (see Fig. 8.3). The nomenclature for pepsin isoenzymes is due to their abil-
ity to mobilise in electrophoresis with isoenzyme 1 displaying the most move-
ment [16].

Fig. 8.4 The structure of
pepsin
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Fig. 8.5 An extensive list of pepsin identification and detection

Reflux Diagnostic Tests: Invasive and Non-invasive

Pepsin has been detected in saliva, sputum, and secretions from the trachea, lung,
nose, sinus, middle ear and exhaled breath condensate (see Fig. 8.5) and pepsin
detection has been proposed as a method for GERD diagnosis. In addition to GERD,
pepsin has been identified in patients presenting with other upper gastrointestinal
diseases listed in Fig. 8.5.

There are many mainly invasive diagnostic methods currently available to con-
firm or reject if a patient’s symptoms are caused by reflux disease. However, these
tests are not only invasive and expensive but also do not achieve high sensitivity and
specificity. This includes empirical PPI treatment with a reported sensitivity of
around 68% and a specificity as low as 44% [17, 18] specific questionnaires [19]
(63% sensitivity and 67% specificity), endoscopy with only 30% [20] sensitivity for
diagnosing reflux disease and pHmetry with sensitivity in the region of 60% [17].
The reflux disease diagnostic tests available are listed in Fig. 8.6.

The current chapter describes the use of the non-invasive reflux test Peptest,
which detects pepsin [21] as a biomarker for reflux in a clinical sample.

Methods
Patient Recruitment

Previously diagnosed patients were recruited from gastroenterology clinics, ENT
clinics and various respiratory disease clinics throughout the UK and Europe. All
patients recruited provided saliva samples into collection tubes containing 0.5 ml of
0.01M citric acid which were analysed for pepsin content within 7 days of collec-
tion using Peptest (RD Biomed Limited, UK).
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Fig. 8.6 Current reflux

diagnostic tests CURRENT DIAGNOSTIC TESTS FOR

REFLUX DISEASE

Depending on the severity of symptoms:
¢ History, advice and medication
e Questionnaires
Invasive Procedures:
o Upper gastrointestinal endoscopy
e 24 hour oh monitoring or BRAVO
e pH + Impedance
® X-ray procedure — barium swallow radiography
e High-resolution manometry (HRM)
e Videofluroscopic swallow study (VFSS or VSS)
No-invasive Procedures:
e Laboratory based assays for pepsin — ELISA
o Peptest™ — rapid pepsin analysis

Sample Collection

Each patient provided three saliva samples at specific time points. The first of the
samples was provided in the morning on waking before eating and cleaning teeth.
The second and third samples were provided post-prandial; (pp) 60 min after fin-
ishing a meal and in some studies the third sample was provided 15 min after
experiencing symptoms. All the saliva samples were stored in a fridge at 4 °C
before being analysed for the presence of pepsin using Peptest (RD Biomed
Limited, UK). Patients were informed not to take any medication during the study
period and not to consume caffeinated or carbonated drinks 60 min prior to pro-
viding a sample.

Pepsin Analysis

Saliva collection tubes were centrifuged at 4000 rpm for 5 min until a clear
supernatant layer was visible. 80 pL from the surface layer of the centrifuged
sample was drawn up into an automated pipette. The 80 pL sample was trans-
ferred to a screw-top microtube containing 240 pL of Migration Buffer solution.
The sample was mixed with a vortex mixer for 10 s. A second pipette was used
to transfer 80 pL of the sample to the circular well of a Lateral Flow Device
(LFD) (Fig. 8.7) containing two unique human monoclonal antibodies; one to
detect and the other to capture pepsin in the saliva sample (Fig. 8.8) (Peptest,
RD Biomed Limited, UK). A ‘C’ (control) line is produced if the test was suc-
cessful and a ‘T’ (test) line was generated if the sample is pepsin positive due to
the monoclonal antibody capturing pepsin.

Each device was read by the Peptest Cube (Fig. 8.9), measuring the intensity of
the “T” line before automatically converting to a concentration pepsin in ng/ml
within the clinical sample.
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Fig. 8.7 Schematic procedure of Peptest from sample collection to sample analysis
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The lower limit for accurate detection of pepsin (as determined by the manufac-
turer) was set at 16 ng/ml. This value was used as a cut-off point to consider a saliva
sample positive for pepsin. Therefore, all samples with determinations below this
threshold were considered to have 0 ng/ml in the results.

Results

Peptest is a non-invasive and rapid test for diagnosing reflux disease and has been
clinically evaluated across many upper gastro intestinal disciplines, which are illus-
trated in Fig. 8.10.

Salivary pepsin was tested as a biomarker for the diagnosis of GERD, LPR and
various respiratory diseases across a series of clinical studies, which will be
described in the following sections.

Some of the key clinical studies in both GERD and NERD patients are illustrated
in Fig. 8.11.

It was interesting that the percentage Peptest (pepsin) positivity was similar
across all studies [22, 23]. In the first of the studies conducted, Peptest was com-
pared across a symptomatic patient population with asymptomatic healthy controls
[24]. The study recruited a total of 111 patients from the Centre for Digestive
Diseases, Barts and the London School of Medicine and Dentistry, UK. Of these
patients 58 were diagnosed with GERD, 26 with Hypersensitive Esophagus (HE)
and 27 patients with Functional Heartburn (FH) and compared to 87 asymptomatic
healthy subjects who served as the control population [23]. In total, 33/87 healthy
asymptomatic subjects had one or more saliva samples positive with a low level of

NON-INVASIVE RAPID DIAGNOSIS OF
REFLUX-PEPTEST™
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Barrett’s
Esophagus

Paediatric Laryngopharyngeal
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Otis Media
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Critical Care Airway Reflux
ICU
Organ Transplant

Asthma, COPD, IPF,
CF

Fig.8.10 Disciplines where Peptest has analysed the presence of pepsin
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pepsin. Compared to the healthy control subjects, patients with heartburn had a
significantly higher prevalence of salivary pepsin [23]. In patients with GERD,
45/58 subjects had one or more samples pepsin positive. Similarly a high prevalence
of positive pepsin was observed in HE patients 21/26. By contrast patients with FH
had a significantly lower prevalence of pepsin detection (9/27). This was signifi-
cantly different to those patients presenting with GERD (p < 0.0002) or patients
presenting with HE (p < 0.0008). Interestingly the prevalence of pepsin detection
was similar between FH patients and asymptomatic controls [23].

There is growing evidence that pepsin is a major aetiological factor in
Laryngopharyngeal reflux (LPR) and the value of the salivary pepsin test (Peptest)
has become an important diagnostic test for LPR [25]. Figure 8.12 shows pepsin
detection (ng/ml) in patients presenting with LPR in five UK ENT clinics. There
was a total of 865 patients recruited into this series of clinical studies. There was a
mean pepsin concentration of 150 ng/ml in the 2475 salivary pepsin samples anal-
ysed and in all five clinics there was a similar level of pepsin positivity observed. In

COMPARATIVE PEPTEST STUDIES GASTRO-ESOPHAGEAL REFLUX DISEASE

Patients presenting with % Peptest Positive _

GERD and Hypersensitive 79% 84

Esophagus Sifrim,

London, UK

GERD. Bardhan, Rotherham, UK 80% 59
GERD. Jackson, Hull, UK 81% 80
GERD. Bor, Izmir, Turkey 73% 10
NERD. De Bortoli, ltaly 93% 38
Functional Heartburn- Sifrim, London, UK 30% 27

Fig.8.11 Key Peptest clinical studies displaying the percentage pepsin positivity
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the study conducted at Doncaster Royal Infirmary, 100 consecutive patients present-
ing with upper aerodigestive track symptoms were recruited and each patient pro-
vided three salivary samples at specific time points as described in the method
section and these were analysed for pepsin [26]. All patients had a clinical diagnosis
and the pepsin analysis was correlated with the clinical findings by an independent
clinician. Of the 100 patients (287 salivary samples) 78 patients were confirmed
with LPR and 22 patients without LPR. In this study the salivary pepsin assay gave
81% sensitivity and a 100% specificity in diagnosing LPR. The positive predictive
value (PPV) of the test was 100% and the negative predictive value (NPV) was 60%
(see Fig. 8.13) [26].

There is evidence that reflux into the airways (lower and upper and lungs) is
responsible for the aetiology and the exacerbation of a range of respiratory condi-
tions. Peptest/pepsin detection has become a quick and easy routine diagnostic test
to identify airway reflux in patients with respiratory disease [27]. Peptest was used
in routine clinical practise in patients presenting with a range of respiratory/pulmo-
nary diseases in UK clinics and in the department of Pneumology and Physiology,
Charles University, Plzen, Czech Republic (see Fig. 8.14). There were large groups
of patients presenting with bronchial asthma, chronic cough, idiopathic pulmonary
fibrosis, progressive sarcoidosis, exogenic allergic alveolitis, chronic obstructive
pulmonary disease and cystic fibrosis [28]. It was interesting to compare the

LPR ROUTINE TESTING

e Patients provided 3 ~ Breakdown
saliva samples for

pepsin analysis ® 100 patients and 287 saliva
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e Used to rule out and e 78 patients confirmed with LPR
reflux in complex
patients and confirm
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0 81% LPR patients pepsin
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e 22 patients without LPR (other

diagnostic)
¢ Sensitivity 81% 0 0% non-LPR pepsin positive
Specificity 100%
93 ng/ml
500 n 000000000000
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of LPR testing using 0-
Peptest, displaying T
sensitivity and specificity not LPR
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percentage Peptest positivity and strong similarities between the UK centres and the
centre in the Czech Republic across the range of respiratory diseases [29].

In the routine testing of chronic cough reflux is a substantial but as yet undefined
component in the aetiology of cough hypersensitivity syndrome. Routinely, Peptest
was used in outpatients attending a major world renowned cough clinic based at
Castle Hill Hospital (Cottingham, UK). Patients were instructed to provide three
expectorated saliva/sputum samples into sample collection tubes (containing 0.01M
citric acid) immediately after three spontaneous coughing episodes.

In patients with airway hypersensitivity only small amounts of reflux may be
sufficient to induce a cough. Over a period of 4 months, 93 patients provided 262
evaluable samples for pepsin analysis by Peptest. Eighty patients had at least one
pepsin positive sample (86%) resulting in a mean pepsin concentration of 104 ng/ml
(see Fig. 8.15) [30].

COMPARATIVE PEPSIN STUDIES UK VERSUS OVERSEAS RESPIRATORY CENTRES

% Peptest Positive
Patients presenting with UK Non-UK

Idiopathic Pulmonary Fibrosis (IPF) 79% (n=29) 89% (n=55)

68% (n=38)

Chronic Obstructive Pulmonary Disease (COPD) 67% (n=12) 78% (n=37)
Chronic Cough 86% (n=94) 77% (n=78)

Cystic Fibrosis (CF) 83% (n=24) 86% (n=7)
Progressive Asthma - 81% (n=102)
Progressive/symptomatic sarcoidosis - 74% (n=46)
Exogenic Allergic Alveolitis - 78% (n=27)

Chronic Rhinosinusitis 83% (n=25) -

Fig. 8.14 UK and overseas results for percentage pepsin positivity over a range of respiratory
diseases
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Discussion

Clinicians are frequently faced with the dilemma as to whether a patient’s symp-
toms are due to reflux. This is particularly important for patients presenting with the
atypical symptoms of extra esophageal reflux or due to other reasons for example
infections, allergies, smoking and medications. Clinicians frequently turn to the use
of invasive diagnostic tests to diagnose the presence of reflux disease for example
24 h pHmetry, endoscopy and impedance + pHmetry. However, these tests are not
only invasive but also expensive and often there are long waiting lists to have the
diagnosis carried out. More importantly the sensitivity and specificity is question-
able. This has led to the development of Peptest: a non-invasive, rapid and inexpen-
sive test with good sensitivity and specificity for diagnosing reflux disease, thus
making Peptest an attractive alternative for clinicians and health professionals to
use instead of the current invasive tests. Furthermore, another advantage of Peptest
is that pepsin is able to be detected even in those patients prescribed PPI medication
which clearly influences acid secretion but not the reflux of pepsin. This is espe-
cially important in those patients presenting with extra esophageal reflux/LPR and
respiratory disease symptoms. Reflux above the upper esophageal sphincter and
into the airways may not always be causative of these conditions but the presence of
damaging pepsin will certainly be a negative influence, which can lead to an increase
in disease severity and a reduction in the impact of treatment.

Peptest and the salivary pepsin assay had excellent specificity and positive pre-
dictive value (PPV) in diagnosing LPR and has proved to be an excellent diagnostic
tool for diagnosing reflux in this difficult group of patients. It was also interesting to
observe that patients presenting with the symptoms of LPR were more likely to have
a higher concentration of pepsin present in their early morning saliva sample com-
pared to patients diagnosed with GERD, NERD and hypersensitive esophagus. The
determination of pepsin in saliva in these patients was considered to be an inexpen-
sive method for confirming or excluding the diagnosis of GERD and generally the
higher the concentration of pepsin in the saliva was reflected in patients presenting
with more severe symptoms.

Across all patient groups studied with Peptest, we observed a high prevalence of
pepsin positivity in patients with conditions linked with reflux for example GERD,
EER, LPR, chronic cough and respiratory disorders. These high pepsin concentra-
tions were considered to be pathological. Of particular interest was the low preva-
lence and concentration of pepsin in healthy control subjects, where in well
controlled studies around 30% of subjects were found to have low physiological
levels of pepsin present. Therefore, in terms of pepsin as a biomarker there is a clear
differentiation between healthy asymptomatic individuals and patients presenting
with the symptoms of reflux.

Conclusion

Peptest was first introduced onto the market in the UK in 2010 and is now com-
mercially available in over 24 countries. Peptest contains two unique anti-human
pepsin monoclonal antibodies to detect and capture pepsin. This enables the
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rapid detection of pepsin in saliva or other sources of refluxate to improve the
accuracy of reflux diagnosis in order to better tailor appropriate treatments.
Peptest/pepsin analysis can also complement the use of questionnaires and office
based reflux diagnosis, lessening the use and dependency on invasive and expen-
sive diagnostic tests.
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Imaging Reflux

Luca Marciani

Abstract

Diagnostic imaging methods allow evaluating morphology and function of the upper
gastrointestinal tract and have been used to evaluate reflux and its complications. In
this chapter the main whole-body imaging techniques used to image reflux are
described briefly, including their advantages and limitations. X-ray and video fluo-
roscopy in conjunction with oral barium contrast media can document reflux and a
range of morphological changes such as hiatal hernia. Whist X-ray methods are well
established, generally available and relatively cheap, they involve giving a dose of
ionizing radiation to the patients. Nuclear medicine techniques exploit the sensitivity
to small amounts of radiolabels to form images that can evaluate gastroesophageal
reflux disease. This sensitivity allows demonstrating postprandial pulmonary aspira-
tion of the ingested radiolabel by showing increased counts in the lung fields. Two
and three dimensional nuclear medicine techniques used to image lung delivery of
inhaled pharmacological agents could provide a promising technology to investigate
airway reflux. More recently a role for MRI has emerged. MRI fluoroscopy is capa-
ble to image directly reflux, swallowing and bolus passage in the esophagus. MRI
has the advantages of using non ionizing radiation, multi-planar capability, good
spatial resolution and good soft tissue contrast. Sensitivity however is low.

Introduction

Diagnostic testing for the evaluation of gastroesophageal reflux disease (GERD)
and its complications has been based over the years on well established techniques
including endoscopy, pH and impedance monitoring and radiological methods
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[1-3]. Until recently the imaging methods have focused mostly on evaluation of
morphological changes rather than function. Imaging of orogastric function and in
particular direct imaging of the reflux events has become the focus of increased
attention in recent years [4]. A particular imaging challenge is presented by extrae-
sophageal manifestations [5], when the reflux extends to the pharynx and larynx, as
in laryngopharyngeal reflux (LPR) [6], or into the airways, as in airway reflux [7, 8].
In this Chapter the main, non-endoscopic, whole-body imaging techniques used to
image reflux will be described; their ability to image airways reflux contamination
will be considered together with their advantages and limitations.

X-ray

Conventional radiological X-ray techniques form an image of the body based on a
beam of X-rays travelling in straight lines through the body of the patient. Detection
of the beam occurs on the other side of the patient, opposite to the X-rays source.
Detection methods have evolved from the old scintillators converting the beam into
light for film capture to digital capture plates and panels. Different body tissues
attenuate the X-rays beam differently; hence the beam carries spatial absorption
information that generates the contrast in the image. Highly absorbing contrast
media such as barium-containing drinks are used to fill the gastrointestinal lumen
and provide additional contrast to aid diagnosis.

The diagnostic evaluation of gastroesophageal reflux disease (GERD) and its
complications has primarily been carried out using the barium esophagram [3, 9].
The main aims of the barium esophagram are to document morphological changes
such as reflux esophagitis, scarring and strictures together with assessing esopha-
geal emptying, the presence of hiatal hernia or reflux (Fig. 9.1) [11]. The exam usu-
ally comprises multiple steps. These may include double-contrast views of the
esophagus, whereby the patient ingests an effervescent preparation and also a high
density barium suspension, followed by an evaluation of motility and reflux using a
low density barium suspension [10, 11]. Reflux events that are spontaneous or fol-
low provocative maneuvers can be visualized with fluoroscopic techniques (Fig. 9.2)
[10, 12].

X-ray methods are well established; they have been developed and used for over
100 years. They are generally widely available, quick to use and relatively cheap.
They have good spatial resolution. One of the main limitations of X-rays is the
radiation dose given to the patients. X-rays carry enough energy to ionize atoms and
molecules, which in simple words means that they can knock out an electron from
an atom shell therefore altering bonds and producing reactive ions, which in turn
induces biological damage. The effective radiation dose from a single X-ray exam
is relatively low (order of a fraction of mSv) but this is much higher for a fluoros-
copy exam. Another limitation is that the X-ray image is a two-dimensional projec-
tion through the whole body of the patient hence the image contains unwanted
organs and tissues superimposed within the region of interest. The literature reports
a marked variation in GERD detection rates for the barium esophagram compared
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Fig. 9.1 Supine anteroposterior esophagram in a patient with a large hiatal hernia. The image
shows the reflux identification phase of the exam. A spontaneous, high-volume reflux (arrow) can
be seen. Reproduced with permission from [10]
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Fig. 9.2 Example of an esophagopharyngeal reflux of barium recorded during a videofluoro-
scopic swallowing study. Reproduced with permission from [12]

to pH and impedance monitoring and its diagnostic value is debated [13—15]. Recent
guidelines recommend not to perform barium radiographs to diagnose GERD [2].

Nuclear Medicine

By contrast with the X-ray methods described above, nuclear medicine techniques
form an image by administering radiolabelled compounds to the inside the body of
the patient and detecting the radiation emitted through the body using external
detectors. Gamma emitting tracers and arrays of detectors are used in gamma scin-
tigraphy to locate the source of the radiation inside the patient and to reconstruct an
image. Gamma scintigraphy yields a two-dimensional, planar image. Three-
dimensional imaging is achieved using a higher degree of sophistication in the
detectors array and image reconstruction as used in single photon emission com-
puted tomography (SPECT) and positron emission tomography or PET.

Gamma scintigraphy has long been used to evaluate GERD [16]. The radionu-
clide of choice is technetium-99m (*™Tc) usually added to the solid phase of a
meal; in addition, indium-113m ('*™In) is sometimes used as a dual label for the
liquid phase of a meal. Anterior and posterior images are usually acquired for sev-
eral seconds at pre-defined intervals during gastric emptying of the meal. Radioactive
markers are placed on the subjects to allow spatial alignment of the time series.
Various methods have been used to maximize the chance of detecting reflux events.
These vary from using refluxogenic meals [17] to positioning of the patient [18] and
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physiological maneuvers [19]. '8F-Fluorodeoxyglucose (FDG) positron emission
tomography (PET) findings on esophageal inflammation have been shown to cor-
relate with endoscopic findings and symptoms in GERD [20].

Imaging lung aspiration of refluxate is a challenge but nuclear medicine tech-
niques offer a better chance due to the high sensitivity to the radioactive tracers and
therefore the small quantities of tracer needed for detection. There has been renewed
interest [21] in the use of scintigraphy to demonstrate pulmonary aspiration in the
postprandial period in GERD-related respiratory disease [22]. The scans can clearly
demonstrate aspiration of the radiolabel as increased counts in the lung fields
(Fig. 9.3). The use of the technique to evaluate pharyngeal contamination in LPR
[23] and lung aspiration [24] is promising. In particular, refluxate may not necessarily
be in liquid form but can consist of an aerosol/mist [25]; this makes it more difficult

Fig. 9.3 Overnight *Tc scintigraphic scan showing pulmonary aspiration of gastroesophageal
reflux. The left panel shows jugular markings and the shoulder and trunk (the anterior projection is
shown at the top and the posterior projection at the bottom). The right panel shows zoomed images.
The presence of radioactivity is detected within both lung fields indicating bilateral pulmonary
aspiration. Reproduced with permission from [21]
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to image but the sensitivity of nuclear medicine techniques has been proven to be
able to image lung delivery of inhaled aerosol doses for a variety of respiratory
medicine indications [26-28]. Two and three dimensional methods are used to
image successfully lung regional drug deposition [26] and such methods are prom-
ising for the imaging of airway reflux.

As already mentioned, sensitivity is one of the advantages of nuclear medi-
cine techniques, only small concentrations of tracers are administered so the
radiation dose is generally not high. The emission images can contain informa-
tion on activity, function and location. Limitations of scintigraphy are the low
temporal and spatial resolution and the relatively sparse availability of units,
with the need for large infrastructure or an external supply of radiolabelled trac-
ers. A limitation within the context of reflux is that concomitant pH monitoring
studies have shown acid reflux without an increase in gamma counts [17], sug-
gesting that gastric acid secretion can reflux without having mixed with the
radioisotope-labeled food and therefore some reflux events are invisible to the
gamma camera [29]. Small ambulatory gamma detectors worn over the esopha-
gus have also been used in a research setting to overcome the limitation of
restricting the patients to the static gamma camera unit [17]. The literature
shows a wide variation of results; this is mostly due to differences in the meth-
ods used, from test meals to data acquisition and analysis.

Magnetic Resonance Imaging

The MRI imaging technique is inherently different from the X-ray and nuclear med-
icine techniques. When placed in a strong magnetic field the nuclei of hydrogen
atoms inside the body of a patient can receive a radiofrequency signal at a given
frequency and, in turn, transmit a signal back. Spatial encoding of this process
allows reconstructing images from the received radio signal. The signal itself con-
tains information on the physicochemical environment of those hydrogen atoms,
which generates the contrast in the images. The skilled operator can tune the imag-
ing to highlight particular characteristics of the tissues or luminal contents. The lack
of ionizing radiation allows serial imaging without concerns for a radiation dose,
making the technique particularly suited to image gastrointestinal function [30].
Reflux events can be imaged directly by MRI (Fig. 9.4) [31, 32] using MRI fluo-
roscopy [33] using a positive oral contrast medium. Dynamic swallowing studies
investigated the physiology of normal swallowing [34], bolus passage [35] and pos-
sible applications to ‘MR esophagography’ [36]. Both morphology and function
could be investigated in such studies, with findings on reflux, motility, hiatal her-
nias, effects of surgery and cancer [36—40]. MRI has allowed unprecedented insights
into the biomechanics of the gastroesophageal junction as a reflux barrier [41, 42].
MRI showed that GERD patients have wider insertion angle of the esophagus into
the stomach [43]. This morphological change may alter the function of the ‘flap
valve’ of the sphincter complex; the opening of the esophagogastric junction was
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Fig. 9.4 Concurrent magnetic resonance imaging and high-resolution manometry detection of a
gastroesophageal reflux event. Note that shortening of the esophagus in the dynamic MR images
appears to draw the proximal stomach upwards relative to the catheter. Reproduced with permis-
sion from [31]

also larger in GERD patients compared to control [43] and demonstrated an effect
of baclofen treatment on the esophagogastric junction ‘functional anatomy’ [44].
MRI has various advantages including the lack of ionizing radiation, the multi-
planar capability, good spatial resolution and soft tissue contrast. MRI scanners are
nowadays widely available. MRI has various limitations. One is the low sensitivity.
Imaging can be carried out only in the horizontal position due to the standard con-
figuration of the scanners. It is expensive compared to X-rays. MRI is also contra-
indicated for patients with certain metal implants in the body such as cardiac
pacemakers. Particularly large patients may not fit in the bore of the scanners.

Conclusions

Reflux is an imaging challenge. The existing whole-body imaging techniques
provide information on morphology and function of the upper gastrointestinal
tract. Whilst the barium radiographs are currently not recommended to diagnose
GERD, a role for MRI is emerging although this is still in its infancy. Nuclear
medicine methods can provide information from the orophaynx and lungs,
regions of the body that are not accessible to other conventional techniques such
as pH and impedance probes. As such they hold promise for the imaging investi-
gation of airway reflux.
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High Resolution Oesophageal 1 0
Manometry in the Investigation
of Unexplained Cough

Jennifer Burke and Warren Jackson

Introduction

Abnormal motor activity in the oesophagus can result in oesophageal dysmotility,
leading to a variety of complaints such as difficulty swallowing, chest pain and acid
reflux [1]. Until recent technological advances in the arena of clinical gastrointesti-
nal measurement, oesophageal motility has been investigated using conventional
manometry systems. Conventional oesophageal manometry involves the trans-nasal
passage of a pressure sensitive catheter in to the stomach. Pressure sensitivity is
achieved with this system by using a series of transducers located either within, or
fixed directly to the catheter as shown in Fig. 10.1. This enables motor function
assessment of the upper oesophageal sphincter (UOS), oesophageal body and lower
oesophageal sphincter (LOS).

In recent years an association between oesophageal dysmotility and cough has
been demonstrated [2—4]. Although this relationship is poorly understood, there
are a number of mechanisms by which it is suspected that abnormal oesophageal
motility could elicit a cough response; these will be discussed later in the
chapter.

The association between respiratory complaints and oesophageal motor
abnormalities identified using conventional manometry was first explored by
Fouad et al. [2] who compared patients presenting exclusively with heartburn to
a group of chronic cough patients. Comparison of the manometric profiles of the
groups demonstrated that ineffective oesophageal motility was a common
abnormality in both cohorts; however, weak or failed peristalsis was signifi-
cantly more prevalent in patients with chronic cough. Kastelik et al. [3] also
examined the oesophageal motility of patients with unexplained cough.
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Comparably to Fouad et al., these authors also revealed a high incidence of
oesophageal dysmotility, revealing suboptimal peristalsis in one-third of the
cohort.

Although historical studies point to a previously undiscovered association
between cough and oesophageal dysmotility, study participants have routinely
been investigated using conventional manometry. For several decades conven-
tional oesophageal manometry has been the test of choice to assess motor func-
tion, however, the accuracy of this manometric system with as few as three
pressure sensors is limited by several factors. Firstly, the poor spatial resolution
between pressure recording sites results in a loss of contractile data from sections
of the oesophageal body. Secondly, the scarcity of pressure recording sites neces-
sitates a separate assessment for each section of the oesophagus. Consequently,
the sheer volume of line graphs produced can be time-consuming and complicated
to interpret. Outcomes of the investigations have also been thwarted by a lack of
a standardised process in performing the study and thus defining oesophageal
motility disorders.

Conventional Manometry

During conventional oesophageal manometry, each of the pressure sensors illus-
trated in Fig. 10.1 record the amplitude of the contraction of the muscle layers as the
peristaltic sequence passes through the oesophageal body. The pressure generated
by the contraction of the muscle layers distorts the transducer membrane which
alters the electrical resistence across the sensor. The changes in the electrical signal
for each particular sensor are then modified and converted in to a real time individ-
ual line graph as demonstrated in Fig. 10.1.

pressure sensor
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Fig. 10.1 (a) shows a simplified conventional manometry trace of a peristaltic contraction. (b)
Indicates the positioning of three pressure sensors along the length of the manometry catheter
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High Resolution Manometry: How Does it Work?

The relatively recent introduction of high resolution oesophageal manometry (HRM)
has transformed the contractile data available from the oesophagus by vastly increasing
the number of pressure transducers. HRM catheters can offer up to 36 closely spaced
pressure recording sites allowing a simultaneous examination of the pressure profile
throughout the entire length of the oesophagus. A fundamental advantage of HRM is
that it enables the valuable addition of colour topography. Colour contour plots (topog-
raphy) are derived from the intraluminal pressure data enabling operators of the system
to be led by picture recognition resulting in faster and more accurate analysis.

The technical theory of HRM topography can be illustrated using pressure graphs
from a conventional manometry trace during a peristaltic contraction.

Firstly, each unit of pressure is assigned a colour, creating a ‘colour bar’ which
can be observed at the top of Fig. 10.2.

The software converts the pressure trace from each of the 36 sensors in to indi-
vidual colour bars (Fig. 10.3).

Gaps in the data between each of the 36 pressure sensors are interpolated result-
ing in the final contour plot, Fig. 10.4. Interpolation describes the process by which
algorithms provide estimated pressures between actual sensor data which gives the
appearance of continuous pressure information along the entire length of the lumi-
nal axis as demonstrated in Fig. 10.4.

Improved Detection of Transient Lower Oesophageal
Sphincter Relaxations

HRM can effortlessly highlight previously elusive changes at the level of the
LOS such as transient lower oesophageal sphincter relaxations (TLOSR). A
TLOSR describes the spontaneous relaxation of the LOS and inhibition of the

Colour bar from one
Scale sensor

Fig. 10.2 A recording from one pressure sensor within the oesophagus during a peristaltic con-
traction. Image used with permission of MMS International
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Fig. 10.3 Pressure traces from 4 of the 36 pressure sensors during a peristaltic wave sequence and
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crural diaphragm usually as a result of gastric distension [5]. Relaxations occur
independently of swallowing as indicated in Fig. 10.5, and are not accompa-
nied by peristalsis. In the last decade several studies have indicated that TLOSR
represent the main mechanism of all types of gastro-oesophageal reflux, with
the majority demonstrating a high proportion of TLOSR associated with acid
reflux in gastro-oesophageal reflux disease patients as opposed to controls
[6-9].
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Fig. 10.5 Spontaneous relaxation of the LOS during HRM. Image used with the permission of
Wang et al. [10]

Gastro-Oesophageal Pressure Gradients

Transient relaxations of the LOS pose a significant risk in respiratory diseases
that exhibit hyperinflation due to the effect that this type of breathing has on the
inspiratory gastro-oesophageal pressure gradient (GOPG). The GOPG refers to
the gradient produced by the pressure profiles of the thorax and abdomen and
their subsequent effect on oesophageal and gastric pressures. The gradient rep-
resents the difference between the intragastric and the intraoesophageal pres-
sure and is generated by calculating the abdominal pressure minus the thoracic
pressure. These figures are readily available and easy to identify using HRM as
demonstrated in Fig. 10.6.

Pauwels et al. [11] revealed a significantly lower intraoesophageal pressure in
the inspiratory phase of respiration in a small cohort of cystic fibrosis (CF) patients
compared to healthy controls. As such, an increased inspiratory GOPG was found
in the CF group. Since transient relaxations represent the most prevalent mechanism
for reflux, an increased inspiratory GOPG during a TLOSR can promote reflux in
this type of patient, since the usual protective barrier to reflux offered by the LOS
and crural diaphragm are lost during a transient relaxation. This notion is supported
by the fact that participants of the CF group in the study carried out by Pauwels and
colleagues showed significantly more reflux episodes that started during inspiration
than in expiration, whereas in healthy subjects, reflux occurred equally in both
respiratory phases.

Using HRM, we [12] recently compared the inspiratory GOPG and oesophageal
motility of a group of 61 patients with unexplained respiratory symptoms such as
cough and breathlessness to an age and sex matched group of patients with typical
dyspeptic symptoms. These findings demonstrated a significantly higher inspiratory
GOPG in the respiratory group as well as a significantly higher prevalence of
oesophageal dysmotility compared to the dyspeptic group.
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Performing HRM

Patients should remain nil-by-mouth for 4 h prior to the investigation. If the patient is
undergoing HRM only, and on the instruction the referring physician, medications influ-
encing esophageal motility should be stopped 72 h prior to the procedure. These include:

e Calcium antagonists
e Erythromycin
 Nitrates

* Prokinetics

The Association of Gastrointestinal Physiologists Guidelines for performing
HRM are as follows:

e 10 x 5 ml swallows of water (each 5 ml water bolus separated by 20-30 s to
allow evaluation of each peristaltic sequence).

* 30 s of tidal breathing to assess the resting tone of the lower oesophageal sphinc-
ter (uninterrupted by factors which may influence LOS tone such as swallowing,
coughing and belching).

* A multiple rapid swallow consisting of 5 x 2 ml swallows of water (in rapid suc-
cession, allowing time to observe the peristaltic reserve).

* 5 single swallows of bread separated by a 20-30 s intervals to allow evaluation
of the peristaltic sequence following a bread bolus.

Change in
thoracic pressure
during inspiration
results in a
decrease in intra
oesophageal
pressure
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Fig. 10.6 Demonstration of intragastric and intra oesophageal pressure fluctuations during tidal
breathing
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Recent Developments in Physiological Measurement

Currently, the most comprehensive method of measuring oesophageal motility
is HRM combined with impedance technology (HRIM). Impedance technology
is a useful addition to HRM, employing a series of paired electrical components
alongside the existing pressure transducers of the manometry catheter. The
resistance to the electrical current passing between each pair of electrical com-
ponents is derived depending on the conductivity of the matter passing over the
sensors at any given time. The more conductive the matter between the paired
components, the lower the resistance and thus the impedance, measured in
Ohms (2). Conversely, a high level of impedance is produced by poor conduc-
tivity between the components. As a result, it is possible to determine the direc-
tion and composition of a bolus as shown in Fig. 10.7. In oesophageal manometry,
this is particularly beneficial since it enables investigators to examine the effi-
ciency of the clearance following a peristaltic contraction after a swallowed
bolus (as demonstrated in Fig. 10.8).

Almansa et al. [4] are the most recent investigators to employ both HRIM and
24-h impedance pH-metry in the study of chronic cough. This group concluded
that one-third of their study population, comprised of chronic cough patients,
exhibited weak peristalsis with large breaks. Using HRIM alongside ambulatory
impedance pH-metry, this group demonstrated that chronic cough patients with
suboptimal peristalsis categorised by weak peristalsis were associated with a
significant delay in clearance of both reflux events and the clearance of swal-
lowed boluses.
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Oesophageal Dysmotility and the Mechanism of Cough

Microaspiration is one of several theories postulated in the mechanism of unex-
plained cough. Oesophageal dysmotility could be significant in this process since it
is possible that physiological volumes of gastro-oesophageal reflux inadequately
returned to the stomach could remain in the oesophagus and be encouraged upwards
to the airways over a period of time. However, in one study [13] the gastric enzyme
pepsin was used as a marker to explore the theory of microaspiration in chronic
cough. These authors compared the amount of pepsin in the lungs of a group of
unselected chronic cough patients, and a control group of healthy volunteers and
found that patients with chronic cough did not have significant amounts of reflux
into their proximal oesophagus or a significant amount of pepsin in their airways,
despite having more reflux when compared with healthy volunteers. Furthermore,
patients with abnormal levels of reflux had no more pepsin in the airways compared
with those with physiological levels of reflux.

Another likely mechanism of unexplained cough is stimulation of the
oesophageal-bronchial reflex. Convergence of afferents of the vagus nerve from the
respiratory tract and oesophagus in the same part of the brain stem suggest the exis-
tence of an oesophageal-bronchial reflex, with preliminary evidence showing that a
transcription factor is expressed in the distal oesophagus [14]. Oesophageal dys-
motility could be a key factor in the activation of this reflex since poor clearance of

Fig. 10.8 HRIM trace. (a) A normal peristaltic contraction of adequate amplitude showing suffi-
cient clearance of the purple overlay denoting the low impedance associated with a liquid bolus.
(b) A peristaltic contraction with a large break in the upper oesophagus. Impedance technology
indicates poor clearance of the swallowed bolus with visual escape of liquid which remains in the
proximal oesophagus. Image used with the permission of the Functional Gut Clinic, London, UK
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swallowed food and liquids could lead to prolonged exposure thus triggering sig-
nificant respiratory symptoms. It is possible that reflux events could elicit the same
response. Ing et al. [15, 16] supported this theory by conducting a study in which
acid was infused in to the oesophagus of patients with chronic cough to determine
the response of the oesophageal-bronchial reflex. This group of authors found that
infusion of acid in to the distal oesophagus resulted in an increased frequency of
coughing when compared to infusions of normal saline. In addition, Rosztocy et al.
[17] found that individuals with an oesophageal-bronchial response to acid expo-
sure were more likely to have an acid-sensitive oesophagus. This may indicate
hypersensitivity to physiological levels of gastro-oesophageal reflux deemed to be
normal by 24 h pH-metry.

Along with other outcome based studies [18], Ziora et al. [19] demonstrated an
increased threshold for cough in patients that had undergone laparoscopic fundopli-
cation which the authors theorize is as a result of a weakening of the oesophageal-
bronchial reflex. This assumption could explain why some patients who had failed
PPI therapy had marked improvement following a Nissen’s fundoplication [20].

Oesophageal function tests have become increasingly popular in the assessment
of unexplained respiratory symptoms. As technological advances such as HRIM
and impedance pH-metry facilitate the exploration of the association between respi-
ratory disease and disorders of oesophageal motility, it is hoped that we can further
our understanding of this complex relationship and ultimately develop resolutions
for these troubling, unexplained symptoms.
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Cough Monitoring in Reflux 1 1
Lung Disease

Aakash K. Pandya, Joanne E. Kavanagh,
and Surinder S. Birring

Introduction

Gastro-oesophageal reflux (GOR) is a common cause of chronic cough and its
assessment is a key component of cough management guidelines [1]. GOR may be
suspected in a patient complaining of heartburn but it is often unclear if GOR and
cough are causally linked since GOR is prevalent in the general population.
Furthermore, typical symptoms of GOR may be absent and cough may be the only
manifestation. The assessment of patients may therefore require objective demon-
stration of GOR and its relationship with cough. The most widely used tools are
oesophageal pH and impedance monitors and manometry. Cough is usually recorded
by the patient with an event marker or detected during oesophageal manometry
from increases in oesophageal pressure. A can then be calculated to determine if
cough and GOR are temporally related [2]. This involves calculating the probability
that the observed association between reflux and cough occurred by chance with the
Fisher exact test.

The investigation of GOR in patients with cough is challenging for a number of
reasons. First, the presence of GOR is a poor predictor of a response to therapy [3]
and so many clinicians resort to trials of anti-reflux therapy rather than pursue inves-
tigations. This may involve high-dose drug therapy for a prolonged duration, which
is not ideal given it may be ineffective, delay alternative investigations or treatments
for the patient’s cough and expose them to potential side effects. Second, although
the demonstration of a temporal relationship between cough and GOR is thought to
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be more important than the presence of GOR, it has been hampered by the inaccu-
racy of cough detection associated with subjective reporting. Recently, there have
been significant advances in the assessment of cough severity, and a number of vali-
dated tools are now available. The development of objective cough monitoring tools
has allowed an in-depth investigation of the relationship between GOR and cough
events. This chapter reviews the utility of cough monitoring in reflux lung disease,
particularly in patients with chronic cough in whom most studies have been con-
ducted. The review will discuss the relationship between the type and site of GOR
and cough frequency, the temporal relationship between cough and GOR, and the
use of cough monitors to evaluate the efficacy of therapy.

Limitations of Current Methodology Used to Assess
Cough During GOR Investigations

A typical patient with chronic cough will cough on average 500 times per 24-h
(these are single events, whether occurring singly or in bouts recorded during 24-h
cough monitoring). This is significantly higher than a healthy subject, who on aver-
age will cough 25 times per 24-h [4-6].

Cough is commonly assessed during 24-h oesophageal monitoring with either a
patient-triggered event marker or detection from simultaneous oesophageal
manometry, however, both of these methods are inaccurate for detecting cough
frequency. The poor relationship between subjective and objective measures of
cough has been well documented [7]. The true rates of coughing are 618 times
more than those reported in studies using patient reported cough [8]. Oesophageal
manometry is likely to miss low-intensity coughs, and is also likely to be associ-
ated with significant false-positives. The true rates of cough are likely to be 2-3
times greater than those reported from oesophageal manometry studies [7]. This is
likely to impact the accuracy of the SAP index reported in oesophageal studies.
There is clearly a need for accurate methods of quantifying cough in future studies.
Another important consideration is that the presence of an oesophageal catheter
has a significant impact on the frequency of cough, reducing it by 33% compared
to subjects without a catheter [9]. It is not known whether this impacts the temporal
relationship between GOR and cough.

Validated Tools to Assess the Severity of Cough

A comprehensive assessment of cough involves the assessment of its severity, fre-
quency and intensity and its impact on health related quality of life. There are a
number of validated patient reported outcome tools available [10]. Cough severity
can be assessed with a 100mms visual analogue scale, which is perhaps the simplest
and most practical tool [11]. Cough severity can also be assessed with a Cough
Severity Diary, a seven-item questionnaire [12]. The impact of cough on health-
related quality of life can be assessed with either the Leicester Cough Questionnaire
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(LCQ) or the Cough-specific Quality of Life Questionnaire (CQLQ); both have been
well validated [13, 14]. The LCQ is a 19-item questionnaire and the CQLQ com-
prises 28 items. The objective assessment of cough intensity is possible in the labora-
tory with physiological measures such as cough flow [15], but the subjective
assessment of cough intensity has seldom been studied. Recent advances in digital
recording devices and improved battery life have facilitated the development of vali-
dated cough frequency monitors. Cough frequency monitoring has emerged as a key
objective outcome measure in trials of anti-tussive therapy. Its advantage over sub-
jective end-points is that it is not influenced by the mood of the patient or their per-
ception of symptoms, and more accurately reflects the degree of coughing. The ideal
assessment of patients is one that includes both subjective and objective measures to
capture the frequency and intensity of cough and its impact on the individual.

Cough Monitoring

Cough detection is possible in the patient’s own environment with ambulatory
cough monitors. They detect cough from sound recordings; an example of a cough
sound is illustrated in Fig. 11.1. The two most widely used cough monitors are the
Leicester Cough Monitor (LCM) and the VitaloJak [4, 16] and both have been vali-
dated for cough detection. The LCM comprises a portable MP3 recorder that can
record for up to 4 days and a free-field microphone. The recording is processed by
automated software. The LCM detects cough using an approach based on Hidden
Marker Models that are commonly used in speech recognition software. An exam-
ple of 24-h cough frequency report from a patient with cough and GOR is shown in
Fig. 11.2. The LCM has been utilised in clinical trials of Gabapentin, Pregabalin
and Erythromycin in patients with cough [17-19]. The VitaloJak monitor comprises
a recorder and two microphones; skin contact and free-field types [16]. The record-
ing is processed through software that eliminates segments containing low-level
noise or no sound. The condensed recording is then manually analysed by a trained
observer, who listens to the sound in conjunction with the visual sound signal. The
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Fig. 11.1 A cough sound. Cough sound with 3 phases: (1) explosive, (2) intermediate and (3)
voiced



128 A.K.Pandya et al.

Cough event frequency

250 220 218
200 166
150 129128
o 5127 68 37 36 39
50 |_||_| 21 17
14 14
0 |_| I_ll_l.ﬁ. 3 o O s ¥ 3 I_l
1112 1314151617 181920212223 0 1 2 3 4 5 6 7 8 9 10
Time of day

Fig. 11.2 24-h objective cough frequency in a patient with gastro-oesophageal reflux and cough.
Note reduced or absent cough at night during sleep (physiological diurnal variation in cough fre-
quency). The peaks of cough frequency corresponded to the meal times

VitaloJak has been used in clinical trials of a P2X3 inhibitor, Codeine and Transient
Receptor Potential Vanilloid-1 (TRPV1) antagonist [20-22].

Cough frequency is subject to diurnal variation, with most coughing occuring
when a subject is awake. Female subjects cough more frequently than males, con-
sistent with gender differences in other cough outcome measures such as cough
reflex sensitivity and quality of life. Cough frequency, is a repeatable and responsive
measure, and therefore ideal to assess the efficacy of therapy. An advantage of
cough monitoring tools over other objective measures such as cough reflex sensitiv-
ity challenge tests is their ability to discriminate subjects with cough from healthy
controls. Cough monitoring tools are largely used in research and clinical trials to
assess cough objectively; in the clinic, physicians prefer patient-reported measures
of cough severity because they are the more clinically relevant from the patient’s
perspective and easier to administer.

The Relationship Between the Type and Site
of GOR and Cough Frequency

The ability to combine oesophageal studies with 24-h cough monitoring in a
research setting has enabled an insight into the temporal relationship between the
type of reflux and cough. Decalmer et al. investigated 100 unselected patients with
chronic cough with 24-h oesophageal impendence/pH monitoring and cough mon-
itoring [23]. They also assessed the concentration of pepsin, a potential marker of
aspiration, in sputum and bronchoalveolar lavage (BAL) samples. They compared
this group with 32 healthy controls. The median number of all reflux events in
patients with chronic cough was 63 per 24 h and this was similar to healthy sub-
jects, who had 59 reflux events per 24 h. Most reflux events occurred in the distal
(80%) rather than proximal oesophagus. The distal oesophageal reflux events pre-
dicted 26% of the variance in 24-h cough frequency, whereas the proximal oesoph-
ageal reflux events did not predict cough frequency. There was no increase in
detectable pepsin in the airways of the chronic cough patients. Therefore, distal
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oesophageal reflux events seem to be more important compared to proximal
oesophageal reflux or micro-aspirations. This study is an excellent example of the
use of cough monitoring in combination with oesophageal tests to understand the
mechanism of disease. The findings of this study suggest that the number of reflux
events in patients with chronic cough, acid or non-acid, are similar to healthy sub-
jects and that microaspiration is not a common cause of cough. Could a temporal
association between reflux and cough be more important than the number of reflux
events?

The Temporal Association Between Reflux and Cough Events

An example of the temporal association between GOR and cough events is shown
in Fig. 11.3. The optimal conditions to conduct such a study are not known but it
seems appropriate that the patient is studied when symptomatic and off proton
pump inhibitors and other GOR treatments. Two studies have investigated the tem-
poral association between reflux and cough events with objective cough sound mon-
itoring. The study by Smith et al. is the most comprehensive [24]. This study
investigated 71 unselected patients with chronic cough who had typical causes
reflecting a specialist cough clinic, such as rhinitis, asthma, gastro-oesophageal
reflux. Patients underwent combined and synchronised studies of oesophageal pH/
impedance and 24-h cough monitoring. They also underwent assessment of cough
reflex sensitivity with a citric acid cough challenge test. A temporal relationship was
established if a cough event occurred within 2 minutes of a reflux event (with reflux
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Fig. 11.3 An example of a temporal association between gastro-oesophageal reflux and cough
[2]. (a) An example of impedance-pH and manometry catheters positioned in the oesophagus. (b)
An example of a tracing of impedance-pH and manometry monitoring—a weakly acid reflux pre-
ceding a cough event. With permission from Professor Daniel Sifrim [2]
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preceding cough). A Symptom Association Probability Index was calculated for the
temporal association, and this was based on the probability of the distribution of
data occurring by chance alone. Smith et al. also assessed the temporal relationship
when cough preceded reflux events, also using a 2-minute time window.

Most bouts of cough in the Smith study were not preceded by reflux events;
only 33% were preceded by reflux events. There was a positive SAP for reflux
causing (preceding) cough in 48% of subjects, but this was not related to the
underlying aetiology of cough. The findings of Smith et al. raise the possibility
that a positive SAP for reflux-cough may not be predictive of the response to
reflux therapy since many patients would have undergone a trial of GOR therapy.
The findings also suggest that reflux may be a co-factor important in many aeti-
ologies of cough, such as cough-variant asthma and upper airways cough syn-
drome. The study findings require caution because the study was not designed to
investigate the aetiology or therapeutic response and furthermore, the number of
subjects with established reflux aetiology was small. A similar number of subjects
(56%) had a positive SAP for cough preceding reflux events. Hence, it seems that
reflux events are equally likely to follow cough when they are temporally associ-
ated. An interesting finding in this study was that patients with a positive SAP for
reflux-cough had a heightened cough reflex, compared to those with a negative
SAP for reflux-cough. This suggests central neuronal sensitisation may be the
basis for the association between reflux and cough. These findings require confir-
mation in further studies.

Kunsch et al. also investigated the temporal relationship between cough and
reflux events [25]. They investigated 25 patients with reflux who also reported
respiratory symptoms and 20 healthy subjects with combined pH and biliary reflux
measurements (Bilitec measurement). In contrast to the study by Smith et al., the
cough monitor used by Kunsch et al., Lung Sound Monitoring Device has been less
validated and reported in the literature. The monitor was used in a non-ambulatory
setting at night time only and the analysis of cough was done manually. A 2-minute
time window was also used to determine a temporal relationship between cough
and reflux events. 21 of the 25 patients reporting symptoms of reflux had objective
evidence of reflux on pH monitoring and spectrophotometer assessment of biliru-
bin, a marker of biliary reflux. In 43% of cough events, reflux events preceded
cough, and were temporally related. The reflux events were more likely to be bili-
ary in nature than acidic. In 49% of cough events, cough preceded reflux. It is dif-
ficult to compare the findings of Kunsch et al. with the Smith et al. study because
they used different methods to assess both cough and reflux. A limitation of the
Kunsch study is that the recordings were limited to night time, when the frequency
of cough is markedly reduced in comparison to day-time. Patients in the Kunsch
study were likely to have presented with typical reflux symptoms, hence the appli-
cability of their findings to patients presenting with chronic cough is not known.
Nevertheless, the Kunsch study does offer insights into the relationship between
reflux and cough, and their findings also suggest that some cough events are tem-
porally related to reflux but cough was equally as likely to precede reflux as to
follow reflux.
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The studies by Smith et al. and Kunsch et al. have provided a wealth of informa-
tion into the relationship between cough and reflux events, and also highlight the
difficulty in assessing patients. A number of challenges need to be addressed to
improve the assessment of cough associated with reflux. The assessment of the tem-
poral relationship involves using two devices; a combined device is likely to be more
practical and easier to synchronise. Oesophageal and cough monitoring require man-
ual analysis which is time-consuming and expensive; there is clearly a need for auto-
mation. There is considerable uncertainty over the optimal time window between
reflux and cough events used to determine a temporal relationship. At present, a
2-min time window is used. A longer duration time window increases the statistical
likelihood of a temporal relationship by chance, but conversely transient reflux events
may lead to a prolonged sensitisation of the cough reflex and therefore episodes of
cough may occur for some time after the reflux event. It is not known if the temporal
relationship between reflux and cough predicts the response to treatment. This is a
critical issue for the future success of these techniques and their further development.
Future studies also need to investigate the temporal association with reflux into the
larynx and pharynx.

Are Cough Sounds Diagnostic for Reflux Cough?

There is considerable variability in the spectral and audio profile of cough sounds.
Cough sounds differ between gender, individuals, and possibly aetiology. In a recent
study, Abeyratne et al. have reported a cough sound analysis algorithm that is able
to distinguish patients with pneumonia from other acute respiratory illnesses [26].
It is not known if the spectral profile of cough due to gastro-oesophageal reflux is
distinct from other causes. In the author’s experience, the auditory and spectral
sound profile of reflux cough does not appear to differ from other categories of
cough, such as asthma, rhinitis and idiopathic cough. A comparative study of the
spectral profile of cough in a range of aetiologies is needed.

Assessment of the Efficacy of Anti-Tussive
Therapy with Cough Monitoring

Cough monitoring tools are being used more frequently to assess the efficacy of
anti-tussive medications. Their main advantage is they provide an objective assess-
ment. It is important to note they should always be used in combination with subjec-
tive assessments that include severity and impact on quality of life. The anti-tussive
effects of anti-reflux treatments should also be evaluated with cough monitoring
tools. Previous randomised controlled trials of proton pump inhibitor (PPI) treat-
ments for unexplained chronic cough have only assessed cough with subjective out-
come measures [8, 27]. There was a significant improvement in cough with PPI
therapy, but a similar improvement was also observed with placebo. Hence the over-
all conclusion was PPIs were no better than placebo. The inclusion of cough
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monitoring in future studies may lead to a better understanding of the mechanism of
action of active and placebo interventions.

We are only aware of one study that has evaluated the anti-tussive efficacy of
anti-reflux therapy with objective cough monitoring. Kilduff et al. evaluated proton
pump inhibitor therapy for patients with idiopathic pulmonary fibrosis and cough in
an uncontrolled trial [28]. Eighteen subjects with idiopathic pulmonary fibrosis
underwent therapy with either Omeprazole, 40 mg twice daily or Lansoprazole,
30 mg twice daily for 2 months. There was no change in cough frequency following
therapy with proton pump inhibitors. As expected, there was a significant decrease
in the number of acid reflux events.

Conclusion

Cough can be assessed objectively with ambulatory cough frequency monitors.
They should be used to assess the efficacy of anti-reflux therapy for patients with
reflux-related respiratory symptoms. It is possible to combine cough monitoring
with oesophageal monitors. Further studies are required to determine if a tempo-
ral relationship between reflux and cough events is predictive of a response to
anti-reflux therapy. Further work is also required to develop combined oesopha-
geal and cough monitoring devices, so they are automated and practical for clini-
cal use. The relationship between laryngeal reflux and cough events has not been
studied and deserves investigation.
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The Relationship Between Asthma 1 2
and Gastro-Esophageal Reflux

Adalberto Pacheco

Abstract

The relationship between asthma and gastro-esophageal reflux has been the sub-
ject of many epidemiological studies over the past decades. But the mechanisms
underlying this relationship remain obscure, principally for two reasons: first, the
lack of studies with sufficient statistical power assessing the physiology of extra-
esophageal reflux and the gastro-esophageal junction; and second, the need to
understand the development of a vicious circle between the two entities.
Comorbidities in asthma patients such as obesity, rhinitis and obstructive sleep
apnea probably also intervene in the control of asthma, the link between them
being the reflux material. The end result is that asthma and gastro-esophageal
reflux are multifactorial entities with many points of contact, meaning that their
study requires the participation of at least three specialties—Pulmonology, ENT
and Gastroenterology—to thoroughly explore each asthma patient and thus to
optimize therapy.

Background

Over a century ago, William Osler observed that in asthma patients “severe parox-
ysms may be induced by overloading the stomach” [1]. Gastro-esophageal reflux
disease (GERD) is habitual in human beings. This is because, during our evolution-
ary development to enable speech, the descent of the larynx joined together at a
lower junction two pathways which had previously been separate, the respiratory
tract and the digestive tract; this alteration in the position meant that the reflux could
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easily reach the upper airway [2]. The other reason for higher levels of reflux in
humans than in animals is bipedalism and the consequence of the formation of a
complex but imperfect gastro-esophageal junction as a barrier to avoid reflux.

The recent publication on GERD at the consensus meeting in Montreal con-
cluded that this condition may be an “aggravating factor” in asthma [3]. Indeed,
one large population-based epidemiological study found that subjects with the
combination of asthma and GERD had a higher prevalence of asthma and respira-
tory symptoms than patients without reflux [4]. However, the mutual dependence
of the two entities means that the relationship between them is highly complex;
the creation of a vicious circle between the two makes each one the cause and also
the effect of the other.

If we consider airway hyper-responsiveness (AHR) as the principal hallmark of
asthma, there are three mechanisms that are implicitly involved in the influence that
reflux exerts over this condition: (1) microaspiration, which may not only cause
direct tissue injury but may also trigger vagal reflexes, (2) acid infusion of the
esophagus in humans, which has been shown to result in vagally mediated reflexes
leading to bronchoconstriction, and (3) neuroinflammatory reflexes, which have
been found to play a role in airway responses through the release of neuropeptides
[5]. But conversely, asthma as an obstructive problem of the airway may affect the
ability of the gastro-esophageal barrier to prevent reflux; this is suggested by the
finding of an increase in airway responsiveness in asthma patients who have docu-
mented GERD [6].

In asthma therapy, it is becoming increasingly apparent that more than 50% of
asthma patients managed in accordance with standard guidelines are not well con-
trolled or are refractory to treatment [7]. The acknowledged comorbidities in asthma
are GERD, allergic rhinitis, obesity, depression, diabetes mellitus and cardiovascu-
lar disease. Of these comorbidities, above all GERD and rhinitis are either directly
or indirectly related to asthma. It has not yet been established whether they form
part of the natural history of asthma or are distinct events, a conceptual problem also
encountered in patients with COPD [8]. What is more, their prevalence in asthma
patients varies tremendously from study to study [9].

A new vision of airflow obstruction suggests that the coexistence of two or
more inflammatory stimuli in the airway is a key factor in the development of
more severe airway disease [10]. The effects of multiple inflammatory stimuli in
asthma may merely be additive or synergistic. The net result of different inflam-
matory stimuli will then depend on whether the stimulus is acute or chronic, on
variations in the host response to the stimuli, and on the degree to which the
stimulus triggers an eosinophil- or neutrophil-dominated inflammatory response.
But we should also consider the possibility that the inflammatory responses to
different stimuli interacts in a synergistic fashion. This may occur at an early
stage in the evolution of these responses. For example, smoking increases the
risk of sensitization to a variety of occupational high- and low-molecular weight
sensitizers [11], and exposure to smoke or endotoxin has been associated with an
increased risk of infection. Nevertheless, the authors proposing this theory make
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no mention of the possible role of reflux material on reaching the lower third of
the esophagus, where it may cause more AHR, or on reaching the laryngeal tis-
sue, where it may render the tissue dysfunctional and cause more frequent aspira-
tion; nor do they mention the toxic action or reflex mechanisms action caused by
the reflux (hydrochloric acid, pepsin and bile salts etc.) in the bronchial or bron-
chiolar epithelium from the stomach to the upper and lower airways. Therefore,
a classification of asthma is needed based on the pathophysiological mechanism
or endotype, and bearing in mind the presence of multiple impacts, including
reflux material, on the inflammatory process in the airway and thus on the clini-
cal course of the disease.

In clinical terms, in asthma patients whose symptoms worsen after meals and
those who do not respond to anti-asthma therapy the association with GERD
should be suspected. Similarly, patients who present GERD symptoms before
the onset of asthma symptoms should be taken to have reflux-induced asthma
[12]. However, since both asthma and GERD are multifactorial entities, assess-
ing the relationship from the perspective of a single medical specialty is very
often insufficient. Most epidemiological studies that link the two entities tend to
be confusing, either because they do not present a functional definition of
asthma or, more frequently, because they do not objectively specify the presence
of typical esophageal reflux (with heartburn and regurgitation) or atypical extra-
esophageal reflux (with laryngeal or extra-esophageal symptoms such as irrita-
tion, precipitation by posture, dysphagia or aphonia). Another problem inherent
in the study of the asthma-GERD relationship is the frequent absence of any
attempt to identify the possible interactions of other entities in a specific patient,
something that should be mandatory not just in epidemiological studies but in
clinical studies as well. For example, obstructive sleep apnea (OSA), asthma
and GERD are potentially linked at several levels. The pathophysiology of these
conditions seems to overlap significantly given that airway obstruction, inflam-
mation, obesity, and several other factors are implicated in the development of
all three.

An extensive bibliography is available on the relationship between asthma and
GERD. There is now a need for a thorough update of the studies of the trajec-
tory of the reflux from the stomach, examining it at all the stages of its journey
towards the airway and exploring the possible relationships with asthma in both
directions. In a recent study of the trajectory of reflux material from the stomach
to the airways and the appearance of asthma, Cheng et al. demonstrated that in
a guinea pig model, direct acidification to the lower esophagus and subsequent
micro-aspiration in the respiratory tract leads to airway hyper-responsiveness
and overactive bronchial smooth muscle [13]. We should therefore abandon our
conception of asthma and other airflow obstructions as closed compartments or
exclusive phenotypes, and should instead consider that the altered physiology of
the lung may be due to multiple causes in the same patient, possibly intercon-
nected, as in the multiple origin of atheroma, for example, the direct influence of
reflux material on a new or previously existing bronchial asthmatic inflammation,
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either eosinophilic or neutrophilic. On this premise, here we present the current
state of our knowledge on the toxic trajectory of gastric material ascending to
the upper and lower airways and on the interactions at the inflammatory level in
the airway which lead to alterations in pulmonary function and the appearance
of symptoms.

Epidemiology

Clinically, GERD affects 12% of the adult population at least once a week [14], and
the prevalence of asthma continues to rise: from 3.1% in 1980 to 8.4% in 2010 [15].
A recent systematic review of 28 epidemiological studies identified GERD in 59.2%
of asthmatics and in 38.1% of controls [16]. Other studies have found this associa-
tion in as many as 80% of well-established asthma [17]. The disparity is probably
due to patient selection.

One of the largest epidemiological studies linking GERD and asthma is the
Nord-Trgndelag health survey. Persons with heavy and wheezy breathing, daily
cough, daily productive cough, or chronic cough showed a twofold to threefold
statistically significant increase in risk of reflux symptoms [18]. Interestingly, in
the cross-sectional Busselton health survey, the relationship between GERD and
respiratory symptoms was independent of Body Mass Index, high risk of OSA or
AHR, and the authors suggested that reflux contributes directly to respiratory
symptoms [19].

A topical epidemiological study of the relationship between GERD and other
symptoms is the follow-up analysis of individuals exposed to the destruction of the
World Trade Center. Symptoms of GERD and OSA were significantly associated
with poor or very poor control of the asthma diagnosed subsequent to 9/11 [20].
Aerodigestive tract inflammatory syndromes have now been documented in occupa-
tional groups exposed to the disaster, and syndrome incidence has been linked to the
intensity of exposure to airborne pollutants. Interestingly, the hypothesis of a simul-
taneous aerodigestive impairment caused by dust suggests a dysfunction of the neu-
rological vagal network common to both systems.

A recent epidemiological analysis of the relationship between asthma and GERD
in the UK stressed the need for a high rate of initial suspicion in an asthma patient.
The authors reported that during the first year after diagnosis patients with asthma
are at a significantly increased risk of developing GERD [21].

Basic Mechanisms of the Relationship Between Asthma
and GERD. The Two Theories: Reflux Versus Reflex

In the pathophysiology of the extra-esophageal syndromes, of which asthma may be
one, two main mechanisms have been proposed: the reflux theory and the reflex
theory. According to the reflux theory, the refluxate leads to direct respiratory
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mucosal injury caused by the gastroduodenal contents, leading to extra-esophageal
symptoms, asthma, sinusitis and laryngitis. Direct aspiration into the lung causes
chronic inflammation, which can lead to impaired gas exchange and airway obstruc-
tion [22]. It should also be borne in mind that aspiration may be favoured by the
inability of the larynx-pharynx to function as “the guardian to the lower airway”
after suffering the action of the gastric juices. In the reflex theory, GERD causes the
esophageal-bronchial reflex in the distal third of the esophagus, without the need to
reach the upper airway [23].

Recent publications have stressed the central role of transient lower esopha-
geal sphincter relaxations (tLESRs) in the genesis of reflux [24]. While the evi-
dence suggests that tLESRs are no more frequent in GERD patients than in
asymptomatic volunteers, the likelihood that GERD patients will reflux during
the period of sphincter relaxation is almost twice as high [25]. Other theories are
based on the likelihood that increased frequency of acid reflux during tLESRs
may be a more important contributor to the genesis of extra-esophageal symp-
toms than an increased frequency of the events themselves. Further functional
studies have suggested that the ascent of retrograde waves of peristalsis towards
the esophagus appears to be propagated by the occurrence of tLESRs which
may act to further increase aspiration events [24]. Assessments of gastrointesti-
nal motility have also suggested that the position of the “acid pocket” (i.e.,
secreted gastric juice that sits above the meal bolus) in relation to the diaphragm
may drive reflux [26]. Nonetheless, in a classical study, the prevalence of inef-
fective peristalsis motility (a feature that often remains unexplored in epidemio-
logical studies) was identified as the most common motility abnormality in
patients with GERD-associated respiratory symptoms [27].

Another key factor in the upward movement of the reflux is intragastric pressure,
which is controlled by a complex array of neurohumoral pathways that govern
lower esophageal and pyloric sphincter tone, gastric compliance, gastric secretion
volume and gastric motility. Alongside vagal innervation, hormonal drives may
govern all these factors [28]. Cholecystokinin release from the duodenal cells is a
major driver for reduced gastric emptying, while gastrin release from gastric G cells
increases gastric mixing. Both of these factors may increase intragastric pressure.
At the same time, motilin release from intestinal enteroendocrine cells acts to
increase the rates of gastric emptying, and would thus be expected to decrease intra-
gastric pressure. Previous reviews have noted the potential of these agents and their
receptors as targets for reflux therapy [28].

In asthma, non-eosinophilic forms are increasingly being recognized as impor-
tant inflammatory subtypes [29, 30]. Potential triggers of neutrophilic inflammation
include infection, which can cause an acute neutrophilic bronchitis, rhinosinusitis,
and also GERD with aspiration. Recently, a novel clinical pattern of neutrophilic
asthma was distinguished from paucigranulocytic and eosinophilic asthma, with
evidence of abnormal upper airway responses and a higher presence of rhinosi-
nusitis and GERD [31]. The need to contemplate asthma from a broader perspec-
tive—that is, not as a condition affecting exclusively the lower airway—appears to
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be clear in the light of the influence of other agents such as reflux material, which

may not only act as aggravants but also as inducers of the inflammatory process in
asthma (Fig. 12.1).

Asthma and GERD: Cause or Effect

A causal relationship between silent or overt GERD and asthma is difficult to
establish since we must accept that either condition can induce the other [32,
33]. The association has been described conceptually as a vicious circle, with-
out a clear beginning or end. Although the presence of asthma is not more preva-
lent among individuals with GERD than in the normal population, the presence
of reflex-mediated cough and upper airway symptoms is clearly very frequent;
however, reversible airway obstruction if one defines asthma as such, does not
appear to be as common. Upper airway conditions associated with GERD
include chronic cough, wheezing, stridor, recurrent croup, sinusitis, laryngoma-
lacia, and subglottic stenosis [34, 35]. However, despite the enormous volume
of literature on the subject, Haveman et al. noted the paucity of data on the
direction of the temporal sequence of the asthma-GERD association [16]. It
often remains unclear whether GERD exacerbates lower airways disease like
asthma through the reflux or reflex mechanism (an issue that has been widely
studied), or whether, on the other hand, asthma patients develop pathologic
GERD. There are two principles of physics that explain how airway obstruction,
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both upper and lower, might lead to GERD, and indeed many existing disease
associations seem to lend support to this theory.

Asthma Caused by GERD

The pathophysiology of GERD is not fully understood. However, like asthma it is
now recognized to be a multifactorial disease. Among the factors that have been
shown to be involved in the provocation or increase of reflux are sliding hiatus
hernia, decreased lower esophageal sphincter pressure, transient lower esophageal
sphincter relaxation, the acid pocket, obesity, increased distensibility of the gas-
tro-esophageal junction, prolonged esophageal clearance, and delayed gastric
emptying [36].

There is increasing evidence that asthma can be considered as a disease linked to
extra-esophageal reflux. The interplay between asthma and GERD is complicated.
Heartburn and regurgitation, the typically defined peptic esophageal symptoms,
affect 35—40% of the adult population in the western world but GERD also presents
extra-esophageal symptoms [37, 38]. Diagnosing extra-esophageal GERD can be
difficult in the absence of heartburn or regurgitation, which are not present in
40-60% of asthma patients with GERD [39]. In a study using 24-h esophageal pH
monitoring Kiljander et al. found that 35% of asthma patients had reflux but did not
present typical symptoms such as heartburn and regurgitation; therefore, reflux is
likely even if patients do not report such symptoms [40]. A careful history of non
acid airway reflux such as that from the HARQ questionnaire [41] and physical
examination is important in the evaluation of patients with asthma in which GERD
is suspected to play a role.

However, a universal problem that persists with the problem of the asthma-
GERD relationship is that current diagnostic testing for reflux in patients with
asthma has sub-optimal sensitivity and/or specificity and often does not predict
response to treatment. Esophageal impedance pH monitoring, for instance, is unre-
liable for assessing reflux that reach the upper airway. In the esophagus, the baseline
impedance level remains stable because the impedance rings remain in contact with
the esophageal mucosa. The pharynx, however, is an air-filled cavity and so the
baseline impedance level fluctuates depending on whether the impedance rings are
in contact with the moist mucosa or the air. Finally, subjective scoring systems for
documenting apparent laryngo-pharyngeal reflux (LPR) reaching the upper airway
have been used but have largely been discredited since inter-observer agreement is
poor [42]. However, the assessment of the influence of reflux on pulmonary physio-
pathology is gaining ground. An interesting study of proximal and distal refluxes
simultaneous to oxygen desaturations in peripheral blood found that nearly three
quarters of GERD patients with predominance of respiratory symptoms had oxygen
desaturations associated with esophageal acid exposure, compared with less than
one third of those with predominance of typical reflux symptoms. Perhaps most
importantly, successful anti-reflux surgery reduced the number of reflux-associated
desaturations to values comparable to those in normal controls [43]. In another
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study, Mise et al. [44] evaluated the impact of reflux on pulmonary physiology by
means of direct measurement of pH in the lung in patients who had recently been
diagnosed with GERD but were otherwise healthy. Compared with normal controls,
patients with GERD had lower pH in the peripheral alveolar branches (pH 5.13 vs
6.08, p = 0.001) and higher levels of LDH in broncho-alveolar aspirates, a sign of
tissue damage.

GERD Caused by Asthma

Asthma is a dynamic disease of the respiratory system, viewed as a set of interacting
subsystems, inflammatory, immunological, but also mechanical. There is increasing
evidence that upper or lower airway obstruction leads to GERD. Recent investiga-
tions stress that physical mechanisms such as Boyle’s Law and Bernoulli’s Principle
can help to explain how airway obstruction might predispose to GERD [45]. Boyle’s
Law predicts that the increased negative inspiratory pressure required to overcome
airway obstruction might result in positive abdominal pressure which compromises
the anti-reflux barrier from below. Bernoulli’s Principle predicts that upper airway
obstruction might cause air to shunt into the esophagus and compromise the anti-
reflux barrier from above, either through pressure swings within the esophagus or
through gastric distension with air, both of which may affect the lower esophageal
sphincter tone. Once GERD develops, the potential for asthma exacerbation exists.
A recent epidemiological review of COPD, a disease with the same physiopatho-
logical basis as asthma (that is, chronic airway obstruction), evaluated the relation-
ship between gastro-esophageal reflux disease and COPD in a large cohort of
patients over a 5-year period. Patients with GERD did not have a higher risk of
being diagnosed with COPD than controls, but patients with COPD were more
likely to be diagnosed with GERD (OR, 1.46; 95% CI, 1.19-1.78). The authors
concluded that COPD appears to predispose patients to GERD rather than vice
versa, and it is possible that GERD may worsen pre-existing COPD. This may well
be the case with asthma as well: a vicious circle that begins with airway obstruction
[46].

In one of the few studies to suggest that asthma might be the precipitating factor
in the GERD-asthma relationship, Moote et al. [47] conducted a methacholine chal-
lenge and simultaneous pH probe in 15 patients with mild asthma and 15 controls
with no asthma. During bronchospasm, the patients with asthma had more episodes
of reflux and lower esophageal pH than the control subjects who had no evidence of
bronchospasm with methacholine. In 2002 Zerbib et al. replicated these findings
and also provided evidence that the tLESRs represent the mechanism through which
bronchospasm-induced GERD occurred [6]. Perhaps, then, the reason why antacid
treatment with PPIs has not obtained a dramatic improvement in asthma symptoms
is that we are not really addressing the underlying cause of the reflux: that is, the
breach of the anti-reflux barrier formed by physical structures at the junction of the
esophagus and diaphragm, esophageal motor function and acid clearance, the upper
esophageal sphincter, and pharyngeal and laryngeal mucosal resistance. Sequential
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failure of all four barriers is necessary to produce extra-esophageal reflux [2].
Another problem regarding the action of the antacid therapy on the interrelation
between asthma and GERD is that numerous studies have shown that it is other
components of the gastric fluid, rather than the acid, which mediate in the bronchial
response. Therefore, the failure of antacid medication to control the asthma cannot
be taken to indicate that GERD does not affect asthma evolution.

The Interface Between Esophageal Dysfunction and Extra-
Esophageal Involvement: Reflux in the Upper Airway
and Aspiration

The first issue to resolve in the investigation of the asthma-GERD association is
whether the GERD is typical or atypical. The concept of atypical GERD is still not
addressed by many pulmonologists, and it is more studied in the field of ENT; this
may be the reason for the notable differences in the frequency of GERD in the stud-
ies that assess asthma and GERD simultaneously. The prevalence of asymptomatic
or silent acid reflux in patients with asthma varies between 10% and 62% according
to the underlying severity of the asthma and the measure used to identify symptoms
[48-50]. Two problems emerge in the study of these asthma-GERD patients, one
clinical and the other technical. The clinical difficulty in patients with GERD is due
in many cases to the low presence of symptoms. For example, a population-based
study from Sweden found that up to 36.8% of patients with erosive esophagitis
presented no symptoms [51]. Furthermore, studies of the asthma-GERD relation-
ship present shortcomings above all due to the low sensitivity and specificity
achieved by tests for detecting GERD at various stages along its path towards the
airways, probably due to the neglect of the non-acid reflux and the nature of the
reflux material, which may be liquid or gas.

To assess distal acidification, ambulatory pH monitoring can be combined with
symptom-reflux indices to help determine whether low pH values are causing path-
ological signs of GERD. Tools to quantify the relationship between symptoms and
reflux include the Symptom Index (SI), the Symptom Sensitivity Index (SSI), the
Symptom Association Probability (SAP) and the Binomial Symptom Index [52].
This relationship has been studied in chronic cough but has been assessed far less
frequently in asthma, among other things because there is no clear symptom to
establish a relationship with reflux episodes, as there is in the case of chronic cough
and its monitoring [53]. Thus, given the low predictive value of pH testing, the lack
of reliability of SAP and the temporal association, which may not be causal, pH
testing in patients with chronic cough or asthma is likely to be misleading and there-
fore not routinely recommended.

To determine whether proximal or distal esophageal reflux is associated with
asthma severity, symptoms, physiology, or functional status in patients with poorly
controlled asthma, DiMango et al. [54] analysed 304 patients with minimal or no
GERD symptoms using probe recordings. They found that 53% had reflux and 38%
had proximal reflux. Patients with proximal reflux reported significantly worse
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asthma and health-related quality of life. The concordance between distal esopha-
geal reflux and upper proximal reflux was only moderate; 25% of subjects had one
without the other. The authors concluded that the evaluation of GERD using ambu-
latory pH probes in individuals with poorly controlled asthma without reflux symp-
toms is not usually warranted unless atypical symptoms, such as cough or
unexplained chest symptoms, might suggest the diagnosis.

However, most patients with extra-esophageal symptoms were not found to
exhibit increased proximal esophageal acid reflux compared with patients with
typical esophageal symptoms of GERD [55] although this study did not take into
consideration the role of the aerosolized droplet component in the reflux mate-
rial. Oropharyngeal pH monitoring with the ResTech pH probe is another method
for assessing reflux using a nasopharyngeal catheter to measure pH in either
liquid or aerosolized droplets, since in short reflux episodes the gastric aspirate
may not damage the respiratory mucosa sufficiently to trigger cough and the
aspiration of aerosolized gastric contents may also harm the airway. In any case,
while it would not deliver the same volume of gastric contents to the airways, it
is believed that aerosolized vapor may act to coat the airway mucosa [56, 57].
However, many studies have compared Restech pH probe with concurrent esoph-
ageal pH monitoring or impedance monitoring and present inconsistent results,
ranging from the oropharyngeal probe registering lower pH values during sleep
and a higher rate of false positives and non-correlating pharyngeal events [58].
Therefore, further controlled outcome-driven studies are needed to assess the
future role of this new device in these patients who are particularly difficult to
diagnose and manage.

Involvement of Reflux in the Upper Airway

Over a short time scale, gastric aspirate may not be damaging enough to the airway
mucosa to provoke a relevant clearance response such as cough. As previously dis-
cussed, aspiration of aerosolized gastric contents may also cause damaging material
to enter the airways. In chronic cough patients, after ruling out eosinophilic airway
inflammation (asthmatic or non-asthmatic eosinophilic bronchitis which may be
caused by such aerosolized reflux) there is growing evidence that the most impor-
tant etiology is a sensory disorder of the laryngeal branches of the vagus nerve. In
these cases LPR is often concurrently diagnosed [59]. This is no surprise, since the
vagus nerve supplies the entire aerodigestive tract, including the upper and lower
respiratory tracts and the digestive tract [60]. Phua et al. have suggested an elevated
threshold for laryngo-pharyngeal sensitivity in refluxers with chronic cough [61,
62]. The same authors also demonstrated that patients with GERD exhibited dimin-
ished glottal closure in response to laryngeal puffs of air (the laryngeal adductor
reflex) and patients have exaggerated pharyngeal reflexes compared with controls.
This suggest that their laryngeal responses, but not their pharyngeal responses, may
be impaired, with the resulting risk of microaspiration, and may therefore trigger
asthma or worsen asthma that has already initiated [63].
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In chronic cough the number of proximal refluxes in the esophagus do not pres-
ent differences in relation to healthy controls [64]. In asthma, however, few studies
have analysed this issue. One such study recently demonstrated that reflux can reach
the upper airway either in liquid or in gas form and may cause aspiration even
though conventional pH-metry is negative. Komatsu et al. recently studied the tech-
nical and methodological problems deriving from exposure to reflux in the proximal
area of the esophagus and hypopharynx; in their cases with abnormal reflux at this
level, the asthma responded positively to anti-reflux surgery [65].

In an interesting study of chronic cough and laryngeal dysfunction assessed by
measuring laryngeal hyper-responsiveness, the degree of improvement in cough
reflex sensitivity correlated with the improvement in extra-thoracic airway hyper-
responsiveness, an entity that has only rarely been recognized in asthma patients
[66]. Reflux material is probably one of the inducers of laryngeal irritation, since
there is increasing evidence that a significant proportion of patients display statisti-
cal associations between reflux and cough events, in the absence of an excessive
number of reflux events either inside or outside the esophagus [67]. Surprisingly,
upper airway dysfunction mimicking resistant asthma or coexisting with asthma has
not been comprehensively investigated, and despite numerous reports of upper air-
way dysfunction masquerading as difficult-to-treat asthma, it has been largely
ignored as an alternative or coexisting diagnosis. A clear laryngeal dysfunction such
as vocal cord dysfunction (VCD) has repeatedly been misdiagnosed as asthma;
however, the relationship between asthma and VCD remains elusive. Mechanistically,
it raises the possibility that asthma and laryngeal dysfunction are interrelated condi-
tions and that laryngeal hyper-responsiveness is an intrinsic and unsuspected char-
acteristic of asthma itself. Vocal cord movement abnormality may also occur
intermittently, and therefore inspection of flow-volume loops in spirometry may
produce false negative results. Although a psychological origin for VCD has been
claimed, reflux material, nonspecific airway irritants, and exercise have also been
associated with intermittent laryngeal obstruction, dyspnea and noisy breathing.
But it should also be remembered that Bernoulli’s Principle predicts that upper air-
way obstruction (laryngeal hyper-responsiveness, rhinitis-sinusitis or OSA) may
cause air to shunt into the esophagus and compromise the anti-reflux barrier from
above through the dysfunction of the lower esophageal sphincter.

Although in the analysis of asthma the associated GERD phenotype has not been
systematically considered, this phenomenon was recently addressed in a study
which used bronchoscopy in asthmatics, on the grounds that gastro-esophageal
reflux may produce extra-esophageal manifestations such as LPR that can be mea-
sured during examination via the index of endoscopic findings. The group with LPR
had good response control after treatment for reflux using fundoplication [68].
However, in a critical analysis of the literature between 1977 and 2008 Kotby et al.
concluded that there is no “gold standard” diagnostic test for LPR [69]. This was
recently confirmed by a study of LPR diagnosed by the reflux finding score and the
reflux symptom index in which impedance monitoring confirmed GERD diagnosis
in fewer than 40% of patients, probably due to the low specificity of laryngoscopic
findings. As a result, the study stressed the usefulness of impedance in determining
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the association between GERD and LPR [42]. However, research in the field of
ENT has reported new methods for diagnosing LPR such as laryngeal biopsy in
refluxers. In a prospective translational research study, detectable levels of pepsin
remained in the laryngeal epithelia after a reflux event. Pepsin bound there would be
enzymatically inactive because the mean pH of the laryngo-pharynx was 6.8.
Significantly, pepsin could remain in a form that would be reactivated by a subse-
quent decrease in pH, as would occur during an acidic reflux event or possibly after
uptake into intracellular compartments of lower pH [70].

In another recent study, this time using laryngeal 320-slice CT technol-
ogy in patients with difficult-to-treat asthma, vocal cord movement abnormality
was detected in 50% of all patients. Albeit guardedly, the authors suggested that
asthma and VCD may share similar mechanisms (airway inflammation and hyper-
responsiveness); therefore, they may both be integral components of an “asthma
syndrome” reflecting a “united airway” [71]. Some caution is in order, since there
is a strong possibility that a number of the subjects with abnormal laryngeal move-
ment had VCD rather than difficult-to-treat asthma. Nonetheless, the significant
number of asthma patients with associated VCD indicates that some relationship
exists between the conditions. However, whether upper airway dysfunction and
VCD is the cause or the result of difficult-to-treat asthma remains to be established.

There is a clear need for a more profound and effective analysis of the connec-
tion between the involvement of the upper airway and aspiration as a potential
mechanism of the origin or worsening of asthma. Asthma may develop either by
an alteration in swallowing, a direct mechanism, or via aspiration of contents from
the esophagus, that is, through an indirect mechanism. In the former case Terada
et al. found a relationship between the number of exacerbations of COPD, another
obstructive airway disorder, and altered swallowing. Abnormal swallowing
reflexes frequently occurred in subjects with COPD and predisposed them to
exacerbations; conceivably, these abnormalities might be affected by the presence
of GERD, and may also cause bacterial colonization in the lower airway [72]. As
for the influence and interrelation of GERD and asthma via the indirect mecha-
nism, that is, through aspiration of the reflux content, in a recent study comparing
different asthma phenotypes Gibson et al. found that the FIF50 tended to be low-
est in patients with neutrophilic asthma, and that there was a significant inverse
correlation between sputum neutrophils and FIF50% predicted with Spearman’s
rho —0.326, p < 0.015 [31]. GERD was common in neutrophilic asthma (73%)
and the likelihood of the presence of GERD in patients with neutrophilic asthma
was 4.6 times higher than in those with eosinophilic asthma and 2.9 times higher
than in those with paucigranulocytic asthma. However, two criticisms of this
study merit comment: (1) the diagnosis of GERD was based on a questionnaire on
typical GERD devised by gastroenterologists, and so it did not include symptoms
of extra-esophageal GERD; and (2) although the presence of typical GERD was
more frequent in the neutrophilic asthma group, the possibility of combined phe-
notypes—for example, eosinophilia and GERD and sinusitis—was not men-
tioned. Achieving groups that are exclusive and not mixed is a universal problem
in studies of obstructive airway disorders.
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Aspiration

Gastric fluid may also be an inducer of asthma. This has been demonstrated in
murine models in which the aspiration of gastric fluid altered the bronchial hyper-
sensitivity response [73]. The risk of food or refluxate entering the airway is likely
to be a delicate balance between the complex reflex responses that have evolved to
protect the airway and pathological processes that increase pharyngeal/laryngeal
exposure to food and refluxate, such as impaired co-ordination of swallowing,
excessive laryngo-pharyngeal reflux and esophageal dysmotility [74]. Two mecha-
nisms have been proposed to explain the association of asthma and aspiration in the
lower airway. Firstly, homogenized and partially hydrolysed foods may act as a
more amenable substrate to bacterial species already occurring within the airways;
secondly, the hydrolysis and denaturation of dietary proteins during normal diges-
tion may lead to the appearance of previously sequestered antigen [75]. However, it
is still unclear whether chronic aspiration in the context of GERD causes and/or
exacerbates pulmonary disease, or vice versa; the beginning and end of this vicious
circle remain a mystery (Fig. 12.2).

In an acute aspiration model in rats previously sensitized with ovoalbumin, after
6 h the combined injury caused an additive, not synergistic, increase in airway hyper-
responsiveness and neutrophil recruitment to the airways [73]. In chronic aspiration,
the investigation of GERD-induced airway inflammation offers results that are
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particularly controversial, given the diversity of the findings. Studies in another rat
model have shown that the particulate matter in gastric fluid is pivotal in the develop-
ment of a macrophage-laden pathology [76]. Today, in view of the results obtained
with numerous animal models, it is acknowledged that while aspiration profoundly
decreases certain aspects of the T-cell-associated immune response, in others the
effect is less pronounced and more variable. Lung histology from these rats indicates
that chronic aspiration of whole gastric contents results in a granulomatous pneumo-
nitis with prominent chronic inflammatory infiltrates and giant cell formation [77].
Those authors report that the interstitial pneumonitis and granuloma formation seen
with whole gastric fluid aspiration were reproduced in rats receiving instillations of
food particles and neutralized gastric fluid, but not with instillations of hydrochloric
acid. This suggests that the particulate matter found in gastric contents is a major
contributor to the histopathologic changes observed with repetitive aspiration. If we
accept that it is the non-acidic components of the gastric fluid that mediate in the
bronchial response, the failure of PPI to control asthma with concomitant GERD can-
not be taken to indicate that GERD does not affect the evolution of asthma through the
aspirated material [78]. Recently, using thorascopic biopsy (a procedure performed
only very rarely in asthmatics) it has been demonstrated that a subset of severe asthma
manifests a granulomatous pathology termed “asthmatic granulomatosis” [79].

In a recent comparative study of chronic aspiration, 60 rats were randomly
divided into six equal groups: a GERD group, GERD-associated-asthma group,
allergic asthma group, and their control groups. Cytokine levels and concentration
of inflammatory cells in BAL were determined. The results demonstrated that
assaying the concentrations of IL-5 and inflammatory cells in BAL may be an effec-
tive method of distinguishing GERD-associated asthma from allergic asthma [80].
Another group, however, found that GERD worsened IL13 (a Th2 cytokine) and
eosinophil levels in BAL fluid of rats in the reflux esophagitis and asthma group
compared with the asthma group; they also found that acid plays a major role in the
deterioration of OVA-induced airway inflammation in rats with reflux esophagitis
and asthma. These enhancements of OVA-induced airway inflammation were pre-
vented by treatment with rabeprazole [81]. These inconsistent findings may be due
to the species of rats used, since Brown—Norway rats are known to be Th2-
predisposed [82, 83]. The extrapolation of these findings to humans might suppose
that the response of the bronchial epithelium to the gastric aspirate may depend on
the previous underlying asthmatic inflammation: type Thl or Th2. In any case, it is
possible that GERD does exacerbate asthma, possibly through vagally-mediated
reflex bronchospasm [84]. Likewise reflux is reportedly more common among
patients with ‘difficult-to-control’ asthma than in their well-controlled peers, sug-
gesting that reflux may contribute to poor control [85].

Aspiration Markers in Asthma
The effects of various components of gastric fluid (e.g., acid, bacteria, food, and

enzymes) upon airway inflammation, hyper-responsiveness and hypersensitivity
may have important implications for the clinical treatment of asthma and may
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provide insights into the underlying mechanisms associated with asthma pathogen-
esis. The current situation of aspiration markers such as pepsin, bile acids and intra-
alveolar macrophages in the lung and their possible connection with eosinophilic or
non-eosinophilic asthmatic inflammation merits some comment.

Pepsin

Salivary pepsin measurement has been used in the detection of GERD, especially in
reflux-related laryngitis. A novel pepsin rapid test (Peptest-Biomed) is a convenient,
non-invasive, quick and inexpensive technique in LPR diagnosis. As regards pepsin
in the lower airway, Rosen et al. [86] found that 44% of patients with chronic cough
or asthma had pepsin in the bronchoscopy fluid; however, the presence of pepsin did
not correlate with any reflux parameters with the exception of non-acid reflux
(0.04). Its sensitivity and specificity in predicting pathologic reflux by pH-MII or
EGD were 57% and 65% respectively, with a positive predictive value of 50% and
a negative predictive value of 71%. The authors propose that this association with
non-acid reflux and pepsin positivity occurs because the non-acid reflux may not be
sensed until it reaches the proximal esophagus or oropharynx, by which point the
refluxate is already exposed to the airway.

Bile Acids

D’Ovidio et al. showed that the presence of bile salts in BAL fluid 3 months after
lung transplant was associated with the development of obliterative bronchiolitis in
a time- and dose-dependent manner. This important study was the first to prospec-
tively evaluate post-transplant patients and to show that aspiration markers are a risk
factor for obliterative bronchiolitis [87]. However, the main limitation of using
molecular aspiration markers such as pepsin and bile salts in BAL samples is the
impossibility of standardizing the concentration.

Alveolar Macrophages

A new analysis of the presence of alveolar macrophages (AMs) as markers of
chronic aspiration has recently been proposed. Chlorophyllin-stained macrophages
show the presence of green cytoplasmic pigments and appear to be highly specific
for aspiration—much more so than the traditional approach of searching for lipid-
laden macrophages which may in fact be a product of the endogenous metabolism
[88]. This is an interesting finding but needs future validations.

AMs are among the main immune system cells found in the airways and have been
implicated in the development and progression of asthma. AMs constitute a unique
subset of pulmonary macrophages, which serve as a first line of defense against for-
eign invaders of the lung tissue. In addition, in human and animal studies, they have
also been found to regulate pro- and anti-inflammatory responses in the airways,
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suggesting that they have a critical role in asthma [89]. The literature has established
a substantial link between lung macrophages and airway remodeling and eosinophilic
inflammation in asthma [90]. These findings show that CD11b(+) CD11c(int) macro-
phages expressing CCR3 as key pro-inflammatory cells are both necessary and suffi-
cient for allergen-specific T cell stimulation during ongoing eosinophilic airway
inflammation. Various parameters associated with asthmatic responses, including air-
way remodeling, the cellular immune response and the humoral immune response, are
dependent upon the strain of mouse used, although a profound down-regulation of a
broad array of T cell-associated cytokines and chemokines and up-regulation of mac-
rophage-associated markers was observed as a result of aspiration [77]. These results
suggest an interesting postulate that may impact human disease/asthma: chronic aspi-
ration of gastric fluid has the potential to drive the immune response in the airways
from adaptive to more innate. Another recent study indicated that the macrophages
activated in the lung might become a source of IL-13 and thus increase mucous pro-
duction and bronchial hyper-responsiveness [91].

Neutrophils in the broncho-alveolar area also have the capability to cause
AHR. Coyle et al. demonstrated that neutrophil cathepsin G causes marked increases
in AHR [92]. However, the triggers and mechanisms of neutrophilic forms of asthma
remain unknown; growing evidence supports a role for the innate immune response
with altered gene expression of toll-like receptors and increased expression of genes
from the IL-1p pathway observed in patients with increased sputum neutrophils.
This suggests that pathogen recognition and destruction processes may be altered
and that in non-eosinophilic asthma, macrophage phagocytosis is impaired in
patients with normal sputum eosinophil proportions [93].

Influence of Other Entities on the Course of Asthma and Their
Possible Interactions with GERD: Obesity, Obstructive Sleep
Apnea and Chronic Cough

OSA, GERD and Asthma

GERD has been associated with upper airway disorders such as rhinitis, sinusitis,
and obstructive sleep apnea (OSA) [94, 95]. With regard to the association of OSA
and GERD, treatment of nasal obstruction with continuous positive airway pressure
(CPAP) has been shown to improve GERD symptoms [96]. It is doubtful that reliev-
ing upper airway obstruction would improve GERD unless the obstruction actually
contributed to its pathophysiology. The association between GERD and OSA was
assessed in a recent case-control study in Brisbane, Australia, of 237 patients with
histologically confirmed Barrett’s esophagus and 247 population controls. The
study concluded that symptoms of OSA may be associated with an increased risk of
Barrett’s esophagus, an association that appears to be mediated entirely by GERD
[97]. Interestingly, children with sleep-disordered breathing have also been shown
to have a higher incidence of GERD [98]. Most children with OSA are not obese,
but have large tonsils or adenoids that can cause upper airway obstruction.
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Currently, sleep-related GERD is underappreciated from a clinical standpoint [99].
The only prospective study to have investigated whether nocturnal GERD (nGERD)
induces respiratory disorders, including asthma and OSA, is the 9-year population-
based study by Emilsson et al. [100]. Subjects with persistent nGERD had an inde-
pendent increased risk of new asthma at follow-up (OR 2.3, 95% CI 1.1-4.9). The risk
of developing symptoms of OSA was increased in subjects with new and persistent
nGERD (OR 2.2, 95% CI 1.3-1.6, and OR 2.0, 95% CI 1.0-3.7 respectively).
Therefore, this study suggests that nGERD is a risk factor for developing asthma.

As regards the mechanism connecting OSA and asthma, the recent literature has
suggested a central role for tLESRs. Contrary to former belief, nocturnal reflux is
not caused by negative intrathoracic pressure during apnea; recent studies have
reported that the lower esophageal sphincter contracts during apneic episodes and
thus inhibits gastric acid reflux. Therefore, nGERD is more likely caused by tran-
sient tLESRs [101]. However several factors may drive the unusual physiopathol-
ogy of OSA. It appears to be more common in patients with obstructive lung
diseases, perhaps as a result of shared risk factors—for example, obesity, smoking,
increased airway resistance, local and systemic inflammation. Recently a new syn-
drome has attracted attention: OLDOSA (obstructive lung disease and obstructive
sleep apnea syndrome) [102]. OSA has also been shown to be an independent risk
factor for asthma exacerbations [103]. A recent study found OSA in 88% of patients
with severe asthma, a significantly higher rate than in both moderate asthmatics and
non-asthmatic controls matched for age and body mass index [104]. While the exact
pathophysiological mechanism for this association remains to be determined, one
possible explanation would be that OSA leads to GERD which exacerbates asthma
in a kind of vicious circle [105] (Fig. 12.3).
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Obesity, GERD and Asthma

The risk of asthma increases by 50% in the overweight or obese [106]. A recent
meta-analysis found obesity to be a significant risk factor for incident asthma (OR,
1.51; 95% CI, 1.27-1.80) [107]. In the Obstructive Lung disease In Northern
Sweden study, a variety of risk factors for new-onset asthma were studied in people
living in three countries [108]. In addition to the known asthma risk factors such as
family history of asthma, prior smoking, and allergic rhinitis, the study found that
obesity was associated with twofold to threefold increases in the odds of developing
asthma in the future. The effect was seen in both allergic and non-allergic individu-
als, suggesting that the mechanisms of obese asthma are different from the Th2
lymphocyte processes associated with allergic asthma.

In obese asthma there is an increased prevalence of comorbidities related to obe-
sity, such as obstructive sleep apnea and gastro-esophageal reflux. Although these
comorbidities should be treated in their own right, their role in worsening asthma
and in symptom generation is unclear. More research is required to investigate these
associations. One more variable that should be considered is how the upper airway
obstruction, frequently present in obese patients during sleep, may act on the esoph-
agus to exacerbate asthma. Another possible explanation of how obesity might lead
to asthma is that adipokines, inflammatory cytokines derived from adipose tissue,
contribute to increasing airway hyper-responsiveness [109]. Other authors believe
that asthma may simply be over-diagnosed in obese patients. Clearly, multiple fac-
tors contribute to the asthma-obesity link, and no single factor is likely to explain it.

Chronic Cough, GERD and Asthma

An interesting association which has not been analysed in depth so far is the coex-
istence of asthma and chronic cough. In a fair number of medical histories of asth-
matics of varying degrees of severity, patients are unable to state which symptom is
predominant. In humans, esophageal acid perfusion causes cough only in subjects
with prior states of airway irritation such as asthma, not in healthy subjects [110].
The current body of evidence broadly supports the concept that neuronal interfer-
ence between the esophagus and the airway drives the relationships between gastro-
esophageal reflux and cough. Chronic cough presents the diagnostic triad of
eosinophilic airway inflammation, GERD and upper airway cough syndrome,
although it has been hypothesized that the last two of these conditions may be con-
nected through the reflux that reaches the upper airway, since patients with chronic
cough, and asthmatics as well, very frequently report laryngeal symptoms such as
inspiratory dyspnea, stridor, throat tightness and laryngeal itching, tickling, plug-
ging and mucus dysphagia. Many asthma patients report developing ““sensitivity” to
various non-specific triggers such as cigarette smoking, cold air, exercise, perfume,
clearing agents, odors and emotional stress, and these triggers should be routinely
investigated in all asthmatics. Chronic cough often leads to misdiagnosis of asthma
or multiple chemical sensitivity. The disorder may be long-lasting, as patients may



12 The Relationship Between Asthma and Gastro-Esophageal Reflux 155

be unsuccessfully treated for asthma and other comorbidities before correct diagno-
sis is made. Some patients present asthma but chronic cough is usually associated
with other extra-esophageal symptoms, episodic choking or shortness of breath, and
often the breathing problems begin at the same time. In these cases the reflux reach-
ing the upper airway seems to be the cause of, or at least a decisive factor in, the
breathing problems, especially in refractory neutrophilic asthma.

The Role of Anti-GERD Treatment in the Course of Asthma:
Antacid (PPI) Therapy, Life-Style Modifications and Surgery

Antacid PPl Therapy

In general physicians treating asthma must address the following important consid-
erations when standard therapy is ineffective: (1) Is the diagnosis correct? (2) Have
environmental exposures been minimized? (3) Is medication adherence optimal?
(4) Is inhaler technique correct? (5) Have factors that can exacerbate asthma been
controlled—such as drugs (e.g., non-steroidal anti-inflammatory drugs, beta-
blockers), rhinosinusitis, and GERD? In the last case, the treatment options include
empiric acid suppression therapy, lifestyle modification, and surgery. The 2007
National Asthma Education and Prevention Program Guidelines for the diagnosis
and management of asthma recommend that clinicians consider treatment of reflux
to improve asthma control in patients with poorly controlled disease [111]. The
American College of Gastroenterology guidelines suggest treatment with PPI for
patients with extra-esophageal symptoms who also have typical symptoms of
GERD [112]. Pharmacological therapies for acid suppression have been shown to
greatly reduce esophageal exposure to low pH. In a study of the treatment of 82
patients with pH-confirmed diagnosis of extra-esophageal reflux who underwent an
8-week trial of 20 mg omeprazole twice daily, Patterson et al. reported failure to
respond in over half of subjects [113]. Another controlled trial suggested a thera-
peutic benefit for PPIs in the subgroup of patients with both nocturnal respiratory
and GERD symptoms but was largely negative [114]. Nonetheless, in a later ran-
domized, placebo-controlled study the same authors found that only esomeprazole
40 mg twice daily led to a significant improvement when FEV 1 was calculated over
the entire 26-week period (+0.07 L; p = 0.0042) [115]. Not all studies have shown
improvement in asthma symptoms with PPIs. Littner et al. followed 207 patients
with moderate-to-severe asthma and symptomatic reflux, who were treated with
either placebo or a PPI b.i.d. for 24 weeks; these authors found that medical treat-
ment did not reduce daily asthma symptoms, but did reduce asthma exacerbation
and improved asthma-related quality of life [116].

PPI therapies reduce the total volume of the gastric juice [117] but may also
increase the concentration of pepsin, bile acids and other putatively damaging
digestive factors due to the lower volume of gastric secretion. However, the modest
effects of PPI treatment of GERD in asthmatics may rather be attributed to a relative
irreversibility of GERD-induced airway damage. Indeed, as many authors have
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pointed out, PPIs do not stop reflux but just make it less acidic; they limit, but do not
eliminate, the potential damage to the airways caused by other components of the
reflux and in addition they may compromise the competence of the stomach—esoph-
agus barrier. However, PPI treatment may require considerable time, and this is an
issue that has not been assessed in depth in studies of the relation between asthma
and GERD. Bucknall et al. showed that the impact of the normalization of abnormal
esophageal acid exposure on asthma symptoms is progressive and is greater at
3 months than at 2 months; a third of the patients in their series had persistent abnor-
mal esophageal acid exposure despite daily PPI doses up to 80 mg. Therefore, tai-
loring GERD therapy with repeated pH studies may be beneficial, given the diversity
in the presence of esophageal acid. Nonetheless, additional randomized controlled
studies of this issue are needed [118]. In studies of the effectiveness of anti-GERD
treatment in asthma, the vast majority only analyse medical treatment (essentially
PPI) and not other anti-reflux measures.

Nevertheless, effective treatment strategies for supraesophageal reflux disease
remain inadequately defined. It has been demonstrated that the mucosa of the upper
airway is more sensitive to an acidic environment than the esophagus, and so small
amounts of mildly acidic refluxate may be enough to result in inflammation [119].
In a randomized placebo-controlled trial of PPI for suspected extra-esophageal
reflux, Vaezi et al. found no significant improvement with PPI treatment [120]. A
possible confusion is the limit established for the pH of the reflux in extra-esopha-
geal areas, as demonstrated in a recent study in which a nasopharyngeal pH cutoff
of 6 correlated with symptoms of supra-esophageal reflux disease [121].

The treatment of the combination of asthma and GERD presents several meth-
odological problems. Due to the poor sensitivity of endoscopy and pH monitoring,
empiric therapy with PPIs is now considered the initial diagnostic step in patients
suspected of having GERD-related symptoms. If unresponsive, diagnostic testing
with pH monitoring off therapy may be reasonable in order to assess the baseline
presence of reflux, and/or impedance/pH monitoring on therapy to exclude contin-
ued acid or weakly acid reflux. PPI-unresponsive asthmatics, without overt regur-
gitation, usually have either no reflux or causes other than GERD. In this group,
PPI therapy should be discontinued [37]. However to complicate the situation of
research into GERD treatment even further, there are patients with respiratory dis-
ease who have a normal reflux burden but respond to anti-reflux surgery. This sug-
gests that even with pH-MII, catheter-based reflux monitoring is suboptimal for
establishing causality between gastro-esophageal reflux and lung disease, and
other tools to measure reflux related lung disease are needed [122]. Furthermore,
when pepsin in the airway was assessed as an aspiration marker and potential
aggravating factor in asthma, the relationship with lung pepsin and reflux
monitoring was inconsistent [123].

In general, the criticism levelled at studies that compare the influence of anti acid
treatment on asthma, and even though antisecretory treatment in difficult-to-control
asthmatics with presence of acid reflux demonstrated by pHmetry has not been
effective in the asthma [124] is that their results only support the idea that acid
reflux is not important in asthma and that their design did not bear in mind other
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factors: the effect of pepsin on the laryngeal epithelium on non-acid reflux [125],
esophageal distension and the stimulation of neurogen inflammation that is not miti-
gated by PPI [126], or the ineffective esophageal motility as a part of treatment-
refractory esophageal reflux due to the presence of nocturnal gastric acid [27]. Thus,
further studies are needed to determine the exact mechanism of this bilateral pro-
cess, to better stratify patient populations (via pulmonary function testing, symptom
scores or age) and to determine dose and duration of therapy.

Life-Style Modifications

As regards the other measures for combating the effect of reflux in the airway, an
interesting recent double blind randomized trial of patients with endoscopic signs
and symptoms of LPR compared 2 months of rabeprazole with placebo control. The
study found that lifestyle modifications significantly improved chronic and symp-
toms (hoarseness, throat clearing, non-productive cough, globus sensation and sore
throat) compared to baseline but that the improvement in reflux symptoms, health
status or laryngeal appearance was not significantly greater in the PPI group with
additional lifestyle modifications. The modifications were: avoidance of fatty meals,
caffeine, alcohol, smoking, and oral intake within 2 h of lying down or bedtime, as
well as addition of extra pillows to raise the head of the bed by 6 in. [127]. Another
recent study supported the role of lifestyle modifications in patients who had under-
gone overnight nasopharyngeal pH monitoring with a commercially available naso-
pharyngeal pH monitoring device (Dx-pH Measurement System, Restech). The
study provided new evidence that supra-esophageal symptoms frequently occur in
the supine position; 55% of patients with positive studies had supine-only reflux and
6 in. of head-of-bed elevation was effective in reducing symptoms such as throat
clearing, cough, asthma, postnasal drainage, sinusitis, laryngo-pharyngitis, and
sleep disturbance [128]. When effective, treatment with head-of-bed elevation has
the additional advantage of eliminating both acidic and nonacidic reflux, which
potentially makes it superior to treatment with PPI. This is in contrast to the treat-
ment of GERD, for which nonacidic reflux is less of a concern due to the more
robust defense mechanisms of the esophageal mucosa. Nonacidic reflux contains
several potentially harmful constituents, including bile, pancreatic enzymes, and
pepsin [129].

Surgery in GERD

However, the true gold standard method for demonstrating reflux-related lung
disease is the performance of fundoplication in patients, with resulting symptom-
atic improvement. Francis et al. performed a retrospective cohort study to estab-
lish which patients would benefit the most from Nissen fundoplication, [130].
They found that patients with both heartburn with or without regurgitation and
esophageal pH <4 more than 12% of a 24-h period were more likely to present
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post-fundoplication resolution of the extra-esophageal reflux symptoms. Hence,
surgical fundoplication may be useful in selected patients who continue to have
regurgitation despite PPI therapy, have moderate-to-severe reflux measured by pH
monitoring off therapy, and who may have a mechanical defect such as a moder-
ate-sized hiatal hernia (>4 cm). Surgical fundoplication is not recommended for
patients who are unresponsive to aggressive medical treatment. In another pro-
spective review of the effects of anti-reflux surgery, data from a prospective, ran-
domized, open-label trial comparing the efficacy and safety of laparoscopic
anti-reflux surgery (LARS) vs esomeprazole (20 mg or 40 mg daily) over 5 years
in patients with chronic GERD were analysed. The authors found esophageal acid
reflux to be greatly reduced by LARS or esomeprazole therapy. However, patients
receiving LARS had significantly greater reductions in 24-h esophageal acid
exposure after 6 months and after 5 years. Esophageal and gastric pH, off and on
therapy, did not predict long-term outcomes of patients and the authors concluded
that abnormal supine acid exposure predicted esomeprazole dose escalation [131].

In summary, it is generally accepted that patients with poorly controlled asthma
despite corticosteroid therapy without symptoms of reflux, as well as children, do
not respond to aggressive PPI therapy. This is likely due to the fact that acid reflux
does not contribute to their symptoms, although this concept, proposed by gastroen-
terologists, refers only to antacid treatment and to typical reflux symptoms, and not
to atypical symptoms more related to extra-esophageal involvement. However there
is a clear need for a clinical trial with inclusion criteria of objective evidence of
acidic and nonacidic esophageal reflux and with randomized assignment of patients
to medication and life style modifications or surgical repair of gastro-esophageal
reflux. Until a trial of this nature is undertaken, empirical treatment with proton-
pump inhibitors does not make sense [132].

Summary and Conclusions

The trajectory of the reflux material from the stomach-duodenum to the airways
causes esophageal and extra-esophageal symptoms, due to the direct action of the
reflux material on the respiratory epithelial tissue or via reflex mechanisms involved
in neuronal inflammation.

As an obstructive airway disorder, asthma also induces mechanistic changes
which can also lead to GERD.

The relationship between asthma and GERD and the associated comorbidities
such as obesity or OSA create numerous vicious circles. As it is not known whether
the role of GERD is primary or secondary, the relationship is particularly
problematic.

The suboptimal sensitivity and specificity of current diagnostic methods such as
upper endoscopy, pH monitoring and impedance monitoring makes the diagnosis of
the asthma—GERD relationship particularly difficult.

The current paradigm includes empiric therapy for GERD with high dose PPI
twice a day. But attention should also be paid to other features of GERD such as
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gaseous material and nonacid material, and to aspects of its physiopathology of
such as esophageal dysmotility, excessive gastric filling and the physical mecha-
nism of the invalidation of the gastro-esophageal barrier which is common to all
obstructive airway processes including COPD, laryngeal hyper-responsiveness
and OSA.

There is no predictive model available to determine which patients will benefit
from complete anti-reflux therapy. The results regarding treatment dose, duration
and utility have varied widely from study to study.

Asthma and GERD are both multifactorial. In the two-way relationship between
the two entities, close cooperation is required between pulmonologists, ENT spe-
cialists and gastroenterologists to achieve a fuller understanding of the problem and
thus improve its management.
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Gastroesophageal Reflux Disease (GERD) 1 3
and COPD

Nabid Zaer and John R. Hurst

Introduction

In this chapter we will consider the relevance of gastroesophageal reflux (GER) to
Chronic Obstructive Pulmonary Disease (COPD), particularly with regard to COPD
exacerbations. COPD is a long-term condition, progressive in its clinical course, charac-
terised by persistent airflow limitation and chronic airway inflammation. Exacerbations
contribute to the clinical severity in individual patients and are defined as episodic dete-
riorations in respiratory health. GERD, being common in the general population, is also
highly prevalent in COPD. However, GERD has emerged as a potential risk factor for
exacerbations of COPD in many studies employing diverse methodology.

Definition of COPD, Exacerbation and GERD in COPD

COPD is a chronic, progressive condition, characterized by an increased inflam-
matory response within the airway and airflow limitation that is not fully revers-
ible [1]. It is part of a spectrum of lung disease that develops when a genetically
susceptible individual meets a sufficient environmental stimulus. In the devel-
oped world this stimulus is usually tobacco smoke but exposure to biomass fuel
is important globally. The clinical course is progressive and often punctuated by
exacerbations, with exacerbations having detrimental effects on patient quality
of life, survival, accelerating lung function decline and therefore also being
responsible for much of the heath-care costs associated with COPD [2]. The
Global Initiative for Chronic Obstructive Lung Disease (GOLD) defines a
COPD exacerbation as “an acute event characterized by a worsening of the
patient’s respiratory symptoms that is beyond normal day-to-day variations and
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leads to a change in medication”. Our understanding of the pathological mecha-
nisms of COPD and COPD exacerbation is evolving. They appear often to be
triggered by acquisition of respiratory viruses, or by alterations in the lung
microbiome. Underlying mechanisms relevant in COPD and COPD exacerba-
tions include unopposed action of proteases and oxidants leading to destruction
of alveoli, and increased circulating inflammatory markers. The genetic suscep-
tibility to COPD is best exemplified by alpha-1 antitrypsin deficiency.

For the purposes of this chapter we will defined GER as the retrograde move-
ment of stomach contents through the lower esophageal sphincter (LOS) [3] into the
esophagus or more proximally. According to the Montreal consensus definition
GERD is “a condition which develops when the reflux of stomach contents causes
troublesome symptoms and/or complications” [4]. The mechanisms of GER have
been explored elsewhere in this text.

Epidemiology and Prevalence of GERD in COPD Patients

A range of methodologies have been used in studies examining the prevalence of
GER in COPD, and associations between the two conditions, including symptom
questionnaires and objective measurements. The area is complex because of the poor
correlation between symptom-based and objective assessments and whether purely
peptic/acid reflux is assessed or non-acid reflux also considered. Using peptic symp-
tom-based approaches, the prevalence of GERD ranges from 17% to 54% [5-13].
However, whilst over 90% sensitive, the use of symptoms is poorly specific—per-
haps less than 50%—which limits the diagnostic value [14]. Symptoms may be up to
three times more prevalent than the general population [15] including smoking con-
trols [16]. Symptoms are more common with increasing COPD severity, and COPD
patients are more likely than controls to be prescribed therapy for GERD.

Taking an epidemiological approach, using a large UK primary care database,
incident GERD was positively associated with a prior diagnosis of COPD [17]: the
relative risk of an incident GERD diagnosis among COPD patients over 5 years of
follow up was 1.46 (95% CI 1.19-1.78). However, the relative risk of an incident
COPD diagnosis in patients with GERD was not significantly elevated [18].

Studies using esophageal pH monitoring report the prevalence in COPD at
between 19% and 78% [9, 19-22], up to five times more prevalent than the non-
COPD population for proximal and distal reflux [23, 24]. The first study reporting
24 h pH monitoring in COPD patients and controls was published in 2004 [25].
Sixty two percent of the COPD patients had distal acidic reflux compared to 19% of
age-similar controls (p = 0.003). In 58% of the COPD patients GERD symptoms
were absent suggesting a high prevalence of asymptomatic acid reflux. In some
patients, acidic GERD episodes were associated with oxygen desaturation, particu-
larly when supine. A subsequent distal and proximal probe study found similar
results and also noted abnormal proximal reflux [26].

There are no sufficiently large, comprehensive studies exploring GERD in COPD
and control populations to be able to definitely answer questions regarding com-
parative prevalence of GERD in COPD versus control populations.
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Potential Mechanisms of Interaction Between GERD and COPD

There are a number of potential mechanisms by which GER and GERD may be
more common in subjects with COPD than controls and these are summarised and
illustrated in Fig. 13.1.

First, hyperinflation which flattens the diaphragm necessitates increased respi-
ratory muscle effort may amplify the pressure gradient between the thorax and
abdomen, impacting lower esophageal sphincter (LES) tone and predisposing to
reflux [27, 28]. In support of this, indices of hyperinflation correlate negatively

Fig. 13.1 Potential mechanisms of association between GER and exacerbations of
COPD. Displacement of the diaphragm (A) from hyper inflated lung results in additional extrinsic
pressure on the stomach. Increased used of abdominal muscles from dyspnea and cough results in
additional pressure on the stomach (B). This facilitates passage of stomach contents retrograde
through the lower oesophageal sphincter (C), the competency of which may be affected by altera-
tions in vagal tone either directly or with COPD therapy. Increased intrathoracic pressure from
hyperinflation may exert additional extrinsic pressure on the esophagus (D), facilitating retrograde
movement of refluxate to the proximal esophagus. Small quantities of liquid refluxate therefore
spill over into the airway (E) and constituents of aspirated refluxate (F) enhance inflammation and
increase susceptibility to exacerbation. Alternative mechanisms include impairment in swallowing
(G) and vagal neuronal reflex from esophageal stimulation (H)
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with resting sphincter tone [22] however indices of hyperinflation are not neces-
sarily correlated with the presence of GERD in COPD [29]. Such effects may be
increased further at COPD exacerbations when there may be additional dynamic
hyperinflation together with increased cough. Second, mechanisms may be active
that reduce LES tone. This may be seen, for example, in association with smok-
ing, and with cough, the former associated with nicotine-induced relaxation of the
LES circular muscle [30]. Smoking may also affect saliva production, and there-
fore the ability to neutralize acidic reflux events [30]. Medications commonly
used in COPD including beta-2 agonists, anti-cholinergics and theophylline may
also affect LES tone [6, 31-36]. A more general autonomic dysfunction, which
may include effects on LOS tone, has been described as a feature of COPD [37].
The limited number of studies examining esophageal peristalsis in COPD suggest
that motility may be altered, at least in severe disease [22, 26, 38—41]. There are
no data to suggest that hiatus hernia is more common in COPD patients than
controls.

Third, pulmonary micro-aspiration may arise from proximal GER, or from swal-
lowing dysfunction. A higher frequency of exacerbations has been reported in indi-
viduals with an abnormal swallowing reflex (OR 4.86 [95% CI 1.45-18.43]) [41]
and the swallowing reflex may be abnormal in a proportion of patients with COPD
compared to controls [42]. Increased breathing frequency, as seen at exacerbations
for example, may also impact the ability to swallow normally [43]. Our understand-
ing of the airway microbiome is evolving rapidly and it is yet to be established how
micro-aspiration affects microbial diversity and dysbiosis within the airway.

Fourth, GER may heighten bronchial reactivity [44]—perhaps through a vago-
vagal mechanism as in the induction of cough [45, 46]—although the concept of
bronchial reactivity in COPD is less well understood than in asthma.

Lastly, it is important to remark that risk factors for GER in the general popula-
tion may also be relevant in patients with COPD. Such factors include increasing
age, female gender and elevated BMI. Elevated BMI is a predictor of GERD in
severe COPD (OR 1.2 [95% CI 1.0-1.6]) [26].

GERD and Exacerbations of COPD

The first report of a relationship between symptoms of GERD and COPD exacerba-
tions was published in 2006 [9]. In a small, selected group of 86 patients self-
reported exacerbation frequency was higher in patients with self-reported GERD
(3.2 vs. 1.6/year, p = 0.02). Results were confirmed in a 2007 study that quantified
GERD using the FSSG questionnaire [5], demonstrating a significant association
between symptom score and exacerbation frequency (r = 0.24, p = 0.03). Multiple
studies have since examined associations between the presence of GERD—usually
by self-report—and exacerbations of COPD. Seven of these have been combined as
a meta-analysis reporting that the risk of exacerbation is over seven times higher in
people with GERD (Risk Ratio 7.57 [95% CI 3.84-14.94]) [47].
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Subsequently, studies in COPD have been greatly facilitated by the collection of
data in large collaborative cohorts of patients, including the Copenhagen City Heart
Study, COPDGene and ECLIPSE datasets. More recent data have therefore emerged
evaluating the prevalence and associations of GERD in patients with COPD from
these cohorts.

It is now recognized that susceptibility to exacerbation in COPD may be consid-
ered a phenotype or endotype of the disease, and in comprehensive multi-variable
assessments the presence of GERD independently predicted exacerbation in the
ECLIPSE cohort [48]. The presence of self-reported GERD increased the risk of
exacerbation in a multi-variate analysis: OR for >2 vs. 0 exacerbations of 2.07
(1.58-2.72), p < 0.001. GERD was the only novel modifiable risk factor in the analy-
sis. This is important since currently available interventions to prevent exacerbation
are poorly effective and GERD provides an alternative therapeutic approach. Whether
this underlies the effectiveness of macrolide exacerbation is discussed in Chap. 25.

Further and more detailed analysis of the ECLIPSE data [29], specifically look-
ing at GERD, showed that self-reported GERD was more common in women
(OR = 1.80, 95% CI 1.41-2.29), older people (OR = 1.20, 95% CI 1.02-1.41 per
10 year increase), and those who were overweight or obese (OR = 1.40 [1.08-1.80],
and 1.48 [1.11-1.98], respectively, for 25-29.9 and 30+ kg/m?, when compared to
18.5-24.9 kg/m?). GERD was also seen more frequently in those with milder COPD
as assessed by less severe impairment in FEV, (OR = 0.95, 95% CI 0.93-0.97), and
was associated with poorer health status (OR = 1.06, 95% CI 1.04-1.09), and a his-
tory of wheeze (OR = 1.33, 95% CI 1.05-1.68) and asthma (OR = 1.65, 95% CI
1.29-2.12). Although GERD was more common in women, the variables associated
with GERD did not vary by sex. In an analysis from the Copenhagen City Heart
Study, subjects with COPD and GERD had a greater prevalence of chronic bronchi-
tis (31 vs 21%, p = 0.004), more breathlessness (39% vs 22%, p < 0.001), and more
experienced exacerbation (6.8% vs 1.4%, p < 0.001) than those with COPD and no
GERD [49].

The COPDGene cohort analysis reported that the prevalence of GERD was 29%
and more common in women, and in those with chronic bronchitis [6]. The presence
of GERD was associated with increased breathlessness, poorer quality of life, car-
diovascular events and frequent exacerbations both at baseline and during
follow-up.

It must be acknowledged that the relationships between GERD and exacerbation
is complex: exacerbations may also predispose to increased GER through additional
cough and dynamic hyperinflation. However, it will be appreciated from the above
that the signal between GERD and exacerbation events in COPD is present in many
different studies, suggesting that the association is robust.

Exacerbations are not the only relevant outcome measure in COPD and associa-
tions between COPD and quality-of-life, and symptoms have been described above.
It is also possible that reflux may be associated with disease progression (FEV,
decline), as seen post lung-transplantation for example, but there are at present no
data to support this in COPD.
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Implications for Practice

A thorough medical history provides the most important initial assessment to detect
the presence of GER in COPD in clinical practice [50, 51]. Because of the overlap
between GERD and COPD symptoms, relationships between symptoms and pro-
voking factors such as body position and meals should be carefully examined.
History may be supplemented by the use of GERD symptom-questionnaires [51,
52]. Several have been validated for use in the diagnosis of acidic GERD, and most
respond to antacid therapy [53]. Non acid airway reflux may be better assessed in
validated questionnaires (see Chap. 7).

The gold standard investigation in the eyes of many, as in a non-COPD popula-
tion, is 24-h pH-manometry testing. However, this clearly does not detect non acid
reflux. Many clinicians and patients prefer an empiric trial of antacid therapy but
antacid therapy does not alter the number of reflux events. Thus the sensitivity and
specificity of empiric approaches has been questioned [54].

Direct visualization of the oesophagus may be considered, and in patients with
severe COPD where endoscopy may be hazardous the use of camera-pills could
provide a safer alternative. As outlined above, the relationships between symptoms,
esophageal mucosal appearances and findings on physiological studies are variable
such that in a population survey of 1000 subjects, 2/3 of those with symptoms had
no esophagitis and only 1/3 of those with visible esophagitis reported symptoms
[55]. Perhaps a better investigation is high resolution oesophageal manometry
where oesophageal dysmotility can also be assessed (see Chap. 10).

Finally, assessments of swallow such as contrast swallow and detection of aspi-
ration using scintigraphy may be considered. Pepsin and bile-acids can be been
detected in sputum as evidence of reflux, but such investigations are still largely a
research tool [56].

Does Treating GER Affect Outcomes in COPD?

This remains a key question, and there have been few studies of anti-reflux therapy
specifically in patients with COPD. In the main, trials of antacid therapy have been
undertaken in the mistaken belief that these treatments prevent reflux and
aspiration.

A 12 month single-blind randomized trial of lansoprazole in 100 patients with
COPD was associated with a reduction in exacerbation frequency (0.34 vs. 1.18/
year p < 0.001), and the frequency of colds in patients randomized to the PPI [57].
This study was predicated on the anti-inflammatory actions, of acid-suppression of
the drug and thus patients with symptomatic GERD were excluded [58].

Macrolide antibiotics reduce exacerbation frequency in COPD [59, 60] and
whilst the potential mechanisms for this clearly include antibacterial and anti-
inflammatory action, macrolides are also pro-kinetic and it is possible that this
mechanism may also be relevant (see Chap. 25).
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Epidemiologic studies provide conflicting data. The Copenhagen City Heart
study reported that people with COPD and GERD who did not use acid suppres-
sion therapy had an increased risk of exacerbations Hazards Ratio (HR): HR =2.7
(1.3-5.4, p = 0.006) which was not present in those who did use acid suppression
[49]. In contrast, the COPDGene Investigators [6] reported that use of PPI did not
influence the positive association they had also reported between GERD and exac-
erbations in COPD. This was also the finding of a further analysis in the large
ECLIPSE dataset which noted that patients with GORD and taking acid suppres-
sion therapy actually had an increased risk of exacerbation (HR = 1.58, 95% CI
1.35-1.86) [29]. These conflicting data are no substitute for a properly powered
and conducted clinical trial of anti-reflux intervention in COPD. No such trial yet
exists.

Conclusions

GER is a common comorbidity in those with COPD and patients may or may
not be symptomatic. Multiple mechanisms are likely to be relevant. Self-
reported GERD symptoms robustly increase the risk of exacerbations in
COPD, across multiple studies. Key unanswered questions remain including
whether acidic or neutral, proximal or distal, liquid or gaseous, and reflux,
reflex or micro-aspiration mechanisms are most important, and therefore which
anti-reflux strategies may be most beneficial in managing GER-related COPD
events.
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and Bronchiectasis

Kirsty L. Hett and Ben Hope-Gill

Introduction

Bronchiectasis was first described in 1819 by the French physician Rene Laénnec
[1]. William Osler offered a more detailed description in the late nineteenth century
[2] and it is suspected that he died from complications of undiagnosed bronchiecta-
sis [3]. Bronchiectasis is a disease characterised by abnormal, permanent dilatation
of the small and medium sized airways, leading to symptoms of chronic cough,
mucopurulent sputum production, haemoptysis, breathlessness and fatigue [4]
(Fig. 14.1).

The pathophysiology of bronchiectasis has been described as a vicious cycle of
events [5]; following an initial event to damage the airways, there is abnormal
mucous clearance leading to bacterial colonisation, infection and on-going inflam-
mation (Fig. 14.2).

The Aetiology of Gastroesophageal Reflux and Bronchiectasis

The causes of bronchiectasis depend upon the population being studied. A case
series of 25 patients, published in 1962, highlighted the association between proven
cases of gastro oesophageal reflux (GOR), with or without hiatus hernia and bron-
chitis, bronchiectasis, pneumonitis and empyema [7].

A UK based study of 150 patients with bronchiectasis showed that chronic GOR
disease led to the development of bronchiectasis in 4% of the study population [4].
A separate UK study of 165 patients with bronchiectasis suggested aspiration was
the cause in 1% of the study population [8] (Table 14.1).
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Fig. 14.1 HRCT showing bronchial wall thickening, mucoid impaction and dilated airways and a
hiatus hernia (arrow)
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Fig. 14.2 Adapted from Mc Shane [6]

However, the method of diagnosis of GOR was mainly based on clinical assess-
ment. None of the studies used gastro-oesophageal impedance monitoring; which
measures both acid and non-acid reflux or oesophageal manometry. Therefore it is
likely that the true prevalence of reflux in patients with bronchiectasis is
underestimated.
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Table 14.1 Aectiology of bronchiectasis of adults

Year Total % aspiration/
Author published | Country | Method of diagnosis number | GOR
Guan [9] 2015 South History simplified reflux | 148 4
China questionnaire 24 h pH
monitoring
McDonnell [10] | 2015 UK History 81 7
Anwar [11] 2013 UK History 189 1
McShane [12] 2012 USA History 106 11
Shoemark [8] 2007 UK History video fluoroscopy | 165 1
Pasteur [4] 2000 UK History 150 4

Fig. 14.3 HRCT showing bronchiectasis, contrast enhanced images demonstrate a small hiatus
hernia (arrows)

Oesophageal acid exposure and the severity of oesophagitis is greater in patients
with a hiatus hernia, than in those without [13—15]. The role of hiatal hernias (HH)
in the development of bronchiectasis has been suggested, although a causal link is
unproven [10]. A retrospective, cross—sectional, observational study of 81 stable
patients with a diagnosis of bronchiectasis, found that a HH was present in 36%.
Patients with HH had a higher prevalence of GOR symptoms (62% vs 29%,
p < 0.01). The newly developed bronchiectasis scoring systems were used
(Bronchiectasis Severity Index [16] and FACED [17]) and showed a higher bronchi-
ectasis severity score in patients with HH. It has previously been shown that symp-
tomatic GOR in bronchiectasis is related to reduced lung function [18]. This study
shows that patients with HH also had greater lung function impairment with
increased extent and severity of bronchiectasis on high-resolution computed tomog-
raphy (HRCT). Interestingly there was no predilection for any particular lobe being
affected. An alternative explanation is that HH is caused by underlying bronchiecta-
sis; as patients with severe disease have more hyperinflated lungs, potentially alter-
ing the diaphragm-oesophageal interface [12] (Fig. 14.3).

In 1992, a small study evaluated the effects of hiatal hernia and lower oesophageal
sphincter (LOS) pressure on the competence of the gastroesophageal junction during
abrupt increases in intra-abdominal pressure, such cough and Valsalva manoeuvre.
They found that susceptibility to GOR induced by sudden increases in pressure were
strongly associated with the size of hiatus hernia and LOS pressure [19].
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It is unclear whether bronchiectasis and its associated cough, leads to incompe-
tence of the diaphragm-oesophageal interface causing GOR or whether it is the
GOR itself that leads to bronchiectasis. It is likely that both mechanisms contribute
to worsening bronchiectasis and exacerbation of GOR disease.

Gastroesophageal Reflux and the Bacteriology
of Bronchiectasis

Different bacterial pathogens require different conditions to thrive; for example the
airway microbiome may be altered by either refluxate or conditions created by anti-
acid pharmacotherapy. A recent study using 24 h impedance monitoring has shown
that high dose acid suppression therapy increases proximal non-acid reflux [20].

Humans secrete approximately 2.5 | of gastric juice per day, generating a fasting
pH of 1.5, which increases to between pH 3.0 and 5.0 during feeding. There has
been investigation into the bactericidal properties of gastric acid since the early
1920s. Interestingly, a pH of less than 2.0 has generally been accepted as the require-
ment for killing bacteria, which is not maintained during eating, when most bacteria
enter the stomach [21]. Some conditions such as achlorydia or hypochlorydia lead
to an increased risk of infection; with gastrectomy and chronic gastritis being identi-
fied as risk factors for the development of tuberculosis [22-24]. This raises the
question whether iatrogenic increase in gastric pH leads to greater proliferation of
bacteria and subsequently respiratory infection, from aspiration of gastric
contents.

The presence of bacteria in the stomach has been associated with the develop-
ment of hospital-acquired infection, particularly ventilation associated pneumonia
[25, 26]. Patients undergoing intensive care are routinely given acid suppression
therapy to prevent the development of stress ulcers but this appears to pre-dispose
them to respiratory infections [27-31].

The most commonly cultured bacterial pathogens in bronchiectasis are nonen-
teric gram-negative bacteria; mainly Haemophilus influenza (55%) and Pseudomonas
aeruginosa (26%) [32]. Other organisms include Moraxella catarrhalis, Streptococcus
pneumonia and Staphylococcus aureus [33]. On longitudinal follow up, the micro-
organisms isolated do not change but there is a higher incidence of pseudomonas
[33]. Patients colonised with pseudomonas aeruginosa have an accelerated decline
in lung function [34].

Reflux can have an alkaline or neutral pH due to its complex composition;
including gastric acid, gastric enzymes, bile acids and pancreatic enzymes from the
duodenum. The gastric pH influences activity and toxicity of enzymes and subse-
quent damage to the epithelium [20]. However, whether it is the acidic or alkaline
refluxate itself that cause bronchiectasis or associated bacteria aspirated with it, is
not clear. Little is also known about the proliferation of bacteria in relation to pH or
refluxate and further studies to identify which bacteria commonly isolated in bron-
chiectasis thrive in acid versus alkaline conditions would improve our understand-
ing of disease mechanisms.



14  Gastro Oesophageal Reflux and Bronchiectasis 179

Overall, there is currently little data regarding the bacteriology of patients with
bronchiectasis specifically due to GOR or aspiration to inform our understanding of
the underlying mechanisms of disease. Further studies are needed to identify poten-
tial pathogenetic relationships. However, it is possible that microenvironmental fac-
tors, such as refluxate pH, contribute to the observation that enteric organisms are
not usually cultured in sputum in bronchiectasis.

Nontuberculous Mycobacterial Lung Disease

Nontuberculous mycobacteria (NTM) are opportunistic organisms commonly
found in the human environment, particularly water and it’s distribution systems,
biofilms, soil and aerosols [35]. Mycobacterium avium complex (MAC) is a NTM
that typically causes respiratory infection, in patients with chronic lung disease or
those that are immunosuppressed. MAC is the most commonly isolated NTM in
patients with non-cystic fibrosis bronchiectasis [36].

It is unclear whether MAC causes bronchiectasis or whether MAC occurs as a
consequence of bronchiectatic disease [37, 38].

The radiographic features associated with MAC have been described as reticulo-
nodular infiltrates [39], particularly within the right middle lobe and lingula [40,
41]. This was initially described as Lady Windermere syndrome; it was postulated
that the voluntary suppression of cough, a behaviour that befitted ladies of good
breeding in England, led to the development of non-specific inflammatory processes
in these poorly draining regions of the lung [40].

Gastroesophageal reflux is common in patients with NTM disease [42]. Thomson
and colleagues hypothesised that as MAC can be found in contaminated water,
reflux aspiration may be a point of entry into the respiratory tract. As described
above, MAC more commonly infects the right middle lobe and lingula [40, 41]. The
bronchi to these areas are long and narrow and at particular risk from aspiration.
Although this was not confirmed in a more recent study [43].

It is possible that acid suppression enhances survival of MAC within the stomach,
leading to respiratory tract infection. Thompson et al. studied the prevalence of GOR,
symptoms of reflux and acid-suppression therapy in patients with MAC compared with
controls. They showed that GOR (44% vs 28% p < 0.019), medication to suppress acid
production and clinically suspected aspiration are more common in patients with
MAC, than in patients without. However, there were cofounding factors which need to
be taken into account when considering this data (including use of steroids) and it is
possible that use of acid suppressive therapy may reflect more severe GOR [43].

Koh et al. investigated the prevalence of GOR disease in patients with NTM
disease using 24 h oesophageal pH monitoring. In patients with NTM disease, prev-
alence of GOR was 26%, although without symptoms of heartburn (27%). Patients
with GOR were more likely to have a positive sputum smear for acid fast bacilli (80
vs 44%, p = 0.008) and the involvement of bronchiectasis on HRCT was more
extensive [44]. However, it is not clear whether GOR is causative or secondary to
more severe lung disease and increased cough frequency [45].



180 K. L. Hett and B. Hope-Gill

The above data raises the possibility that the presence of GOR influences which
organisms infect the lung in bronchiectasis and that acid suppressive treatment may
also play a role by altering the micro environment within the upper gastrointestinal
tract and the lungs.

Helicobacter Pylori

Helicobacter pylori (HP) was first identified in tracheobronchial aspirates in mechan-
ically ventilated patients in 1993, suggesting a potential link with ventilator-
associated pneumonia [46]. However, it was only identified in 2 of 20 patients (10%)
so subsequent studies were designed to evaluate the seroprevalence of HP in bronchi-
ectasis and to directly investigate the presence of HP within respiratory samples.

Helicobacter Pylori is a slow growing microaerophilic gram-negative spiral
shaped bacterium that causes chronic inflammation of the gastric mucosa. It has
been causally related to some digestive diseases such as gastritis, peptic ulcers [47],
gastric mucosa-associated lymphoid tissue lymphoma and gastric carcinoma [48—
51]. There is also increasing recognition of its role in extra-gastrointestinal diseases,
including ischaemic heart disease [52], cerebrovascular disease [52], rosacea [53,
54], urticaria [55], idiopathic thrombocytopenia [56] and Henoch-Schonlein pur-
pura [57]. Helicobacter Pylori is also associated with several chronic respiratory
diseases; particularly asthma, chronic bronchitis, pulmonary fibrosis and bronchiec-
tasis [58-61]. A meta-analysis of nine case control studies comprising 782 cases
and 815 controls showed a significant association between HP infection and the
presence of chronic respiratory disease (bronchitis OR 2.90 (95% CI: 2.04-4.13)
[62]. There are also similarities between the pathogenesis of peptic ulcers within the
upper gastrointestinal tract and bronchiectasis [63, 64]; including the recruitment of
polymorphs and T lymphocytes into the sub-mucosa and the release of cytokines,
particularly IL-8, TNFa and IL-1p [65, 66].

In 1998, seropositivity for HP was found to be significantly higher in patients
with bronchiectasis (76%), than in healthy volunteers (54.3%) and in those with
active pulmonary tuberculosis (52.9%), when measuring HP specific IgG using an
ELISA assay. Seropositivity for HP was also higher in patients with greater volumes
of expectorated sputum. However, the investigators were unable to isolate HP
directly from the sputum of bronchiectatic patients [67] so the significance of sero-
positivity remains unclear.

Tsang et al. [18] evaluated 100 patients with bronchiectasis and 94 controls, who
tested positive for HP. They found that one third of bronchiectatic patients suffered
from upper GI symptoms. There was an inverse relationship between the presence
of upper gastrointestinal symptoms and lung function; patients who had acid regur-
gitation or upper abdominal distension had significantly lower FEV1 and FVC com-
pared with those that didn’t. The presence of upper abdominal pain and distension
was also associated with the number of lobes affected by bronchiectasis. This fur-
ther supports a link between upper abdominal pathology and the development of
bronchiectasis [18].
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In 2007, Gulhan et al. performed polymerase chain reaction assays on bron-
choalveloar lavage fluid (BALF) and surgically resected preserved lung tissue from
patients with bronchiectasis and controls. The study aimed to determine the preva-
lence of HP in addition to evaluating serum IgG against HP using an
ELISA. Contradictory to previous studies, HP was not detected in either BALF or
lung tissue samples and anti-HP IgG did not significantly differ from controls [68].
These conflicting results question a clear association between HP infection and the
development of bronchiectasis.

An indirect role for other toxic products of HP has also been considered. These
include urease, catalase, phospholipidase, alcohol dehydrogenase, haemolysin,
platelet aggravating factor and mucolytic factor [69]. Some strains of HP express a
virulence factor known as cytotoxin-associated gene A (CagA), which is an outer
membrane protein that leads to the production of a vacuolating cytotoxin [70].
Detection of serum anti HP CagA is currently the most practical investigation for
predicting bacterial virulence and disease development by HP [71]. Patients that are
seropositive for anti-HP CagA are associated with increased incidence of peptic
ulcer disease [72]. The role of serum anti-HP CagA has also been evaluated in
patients with bronchiectasis compared with controls. Although anti-HP CagA was
elevated in patients with bronchiectasis, there was no significant difference in clini-
cal parameters such as sputum volume, lung function or the number of lobes affected
by bronchiectasis between CagA positive and CagA negative patients. This suggests
that if HP does play a significant pathogenic role in bronchiectasis, it probably does
so via a non-CagA and non-vacuolating toxin-mediated mechanism [18].

Gastroesophageal Reflux, Quality of Life and Bronchiectasis

Mandal et al. used the Hull Airway Reflux Questionnaire, a validated tool, to assess
whether symptoms of reflux predicted exacerbation frequency and quality of life in
patients with bronchiectasis [58]. Using this assessment tool reflux was reported in
approximately one third of patients, although the presence of GOR was not con-
firmed by oesophageal physiology tests. In addition, symptoms of reflux were asso-
ciated with more severe bronchiectasis; including poorer lung function and greater
disease extent as assessed by HRCT scans. Patients with reflux also had higher
levels of inflammatory mediators and pathogenic organisms in the sputum. In addi-
tion, there was an increased risk of exacerbation. Overall, symptoms of reflux were
associated with reduced health-related quality of life [73].

Investigation of GOR in Bronchiectasis

There is currently no gold standard test for the diagnosis of GOR in respiratory
disease. In relation to COPD and bronchiectasis, Lee et al. developed the idea of
measuring pepsin in exhaled breath condensate (EBC) [74]. Pepsin is a proteolytic
enzyme produced in the stomach which has also been isolated from saliva, tracheal
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aspirates and bronchoalveolar lavage fluid. It causes mucosal injury to the exposed
tissue and is more damaging than gastric acid alone [75]. The investigators under-
took a small study of 30 patients undergoing synchronous 24 h oesophageal pH
monitoring and EBC sampling to measure pH and pepsin concentration. In this
study GOR was not associated with a higher concentration of EBC pepsin and also
did not correlate with DeMeester score (a measure of lower oesophageal acidity and
a surrogate indicator of the severity of GOR). However, pepsin concentrations in
EBC and sputum were moderately correlated suggesting it may have a role as a non-
invasive marker of pulmonary microaspiration [74]. A previous study by the same
investigators in 2014 found pepsin to be present in 26% of patients with bronchiec-
tasis but the presence of pepsin in sputum was not related to a diagnosis of GOR
based on oesophageal monitoring [76].

The Effect of Treatment on GOR and Bronchiectasis

As discussed, anatomical upper gastrointestinal disorders, such as hiatus hernia, are
common in patients with bronchiectasis [10]. Pitney and Callahan published an
interesting case report in 2001, describing resolution of bronchiectasis after treat-
ment of the underling GOR. A child with Cri du Chat Syndrome, had bronchiectasis
on HRCT secondary to recurrent aspiration. This was confirmed on barium swal-
low, nuclear scintiscan and bronchoalveolar lavage. The child underwent Nissen
fundoplication with gastrostomy tube placement. Several months later a repeat
HRCT showed near resolution of the bronchiectasis [77].

An earlier study evaluated the success, complication rates and comorbidities fol-
lowing a modified Thal fundoplication in children with reflux associated respiratory
disease; of which 10% had bronchiectasis. The results were not analysed according
to specific disease category but overall 88% of children “felt better” after the proce-
dure [78]. A study was also performed to evaluate the effect of Nissen fundoplica-
tion in adult cystic fibrosis patients, who had failed conventional medical therapies.
There was a significant improvement in cough symptoms; assessed using the
Leicester Cough Questionnaire. Interestingly, spirometry also improved and the
number of exacerbations was halved [79]. These findings highlight the potential
benefits of anti-reflux procedures for the treatment of GOR in patients with bronchi-
ectasis. However, further prospective studies are required.

The use of mechanical aids, including chest physiotherapy with postural drain-
age, active breathing cycles, oscillatory positive pressure devices and high fre-
quency assisted airway clearance constitute potential adjunct therapies for patients
with bronchiectasis. A small study of 6 patients showed that airway clearance tech-
niques to facilitate sputum expectoration involving gravity-assisted drainage with
head down tilt provoked GOR in patients with cystic fibrosis (CF). The use of
adjuncts in CF is well established but their role is less well understood in non-CF
bronchiectasis. However, it is not unreasonable to hypothesise that this is also a
relevant factor in patients with non-CF bronchiectasis.
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Conclusions

There has been a recent surge in interest in the relationship between GOR and
bronchiectasis. The evidence presented suggests that underlying bronchiectasis
is exacerbated by the presence of coexistent GOR resulting in reduced health-
related quality of life. Therefore, the identification and treatment of GOR should
be a priority for treating clinicians. Although, such treatment should not neces-
sarily mean lone acid-suppression therapy as the effect of non-acid reflux on the
airways remains unknown. Well-conducted clinical trials are needed. Whilst evi-
dence of GOR is common in patients with bronchiectasis there remains much
work to be done before a clear understanding of the role of GOR in the pathogen-
esis of bronchiectasis is achieved. This includes the influence of both acid and
non-acid refluxate on the airway microbiome and airway colonisation. The use
of newer reflux assessment methods such as impedance manometry and EBC
sampling in this patient group will help this.
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Abstract

Chronic airway infections are the hallmark of cystic fibrosis (CF), an autosomal
recessive disease, however it is defined as a multi-organ disease, with character-
istic abnormalities in the lung, pancreas and the gastro-intestinal tract. Gastro-
oesophageal reflux (GOR) is the retrograde bolus movement into the oesophagus
and beyond and can be accompanied by typical symptoms such as heartburn and
regurgitation.

Introduction

Increased GOR has been demonstrated in a large proportion of CF patients, both in
children as well as in adults, with a prevalence ranging from 15 up to 90%. A sub-
stantial subgroup of CF patients have so called silent reflux, i.e. increased reflux
without having typical peptic reflux symptoms. Aspiration of (duodeno)-gastric
contents into the airways has been suggested in CF patients: bile acids have been
found in saliva and sputum of CF patients. More important, aspiration of bile acids
in the lungs of CF patients was associated with more airway inflammation, by
means of higher interleukin-8 levels, and the degree of aspiration appears to be
related to the extent of the airway inflammation. Treatment with proton pump inhib-
itors (PPI) is common practice in CF patients, however, this will not prevent reflux
and consequently aspiration from occurring. PPIs decrease the acidity in the stom-
ach, hence leading to more bacteria or bacterial products in the stomach. When this
is aspirated into the lungs, it will lead to higher grades of inflammation, ultimately
questioning the efficacy of PPI use in patients with CF.
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Cystic Fibrosis (CF)

Cystic fibrosis (CF) is an autosomal recessive disease occurring in approximately
1/2000—-1/4000 live births in the Western world. The characteristics of this disease
were first described in 1938, but it was only in 1989 that the CF-gene was discov-
ered [1]. It is now widely known that recessive mutations of the CF transmembrane
conductance regulator gene (CFTR-gene) mapped on chromosome 7 entail CF. This
gene encodes a chloride channel expressed in epithelial cells of multiple organs.
Mutations in the CFTR-gene will lead to the production of an abnormal CFTR-
protein. Although CF remains a life-threatening disease survival of CF patients has
substantially improved in the last 20 years, with a median survival of 37 years in
2005 [2].

Airway Inflammation

Airway inflammation is the main characteristic of CF lung disease. The traditional
concept in CF is the defect in the CFTR-gene leading to hyperviscous secretions in
the airways, which impairs mucociliary clearance, leading to chronic bacterial
infection and eventually causing inflammation [3]. In respect to healthy individuals,
airway fluids, such as broncho-alveolar lavage fluid (BALF) of patients with CF
show an increased number of neutrophils and increased levels of pro-inflammatory
cytokines, such as interleukin-8 (IL-8) [4]. Since the lungs of CF patients are
inflamed and infected at a young age, it is debated whether infection is the cause or
consequence of the pulmonary inflammation in CF [5-8].

Patients with CF can have a variety of gastro-intestinal tract symptoms. Two enti-
ties are common: gastro-oesophageal reflux (GOR) and an obstruction of the small
bowel. It has been suggested that CF is primarily a GI disorder which effects the
lungs. Small bowel obstruction presents problems in approximately 10% of the CF
patients over the age of 5 and distal intestinal obstruction syndrome (DIOS) is the
most common cause of obstruction in CF adults [9]. CF patients with DIOS typi-
cally present with pain in the lower abdomen and a decreased frequency of
defecation.

Gastro-oesophageal Reflux (GOR)

The occurrence of GOR, the retrograde bolus flow in the esophagus, in CF was first
described by Feigelson in 1975 [10]. There is a high variation of prevalence of GOR
in CF in literature, which is probably due to the different age groups studied and
different techniques used to study reflux in CF. The prevalence of increased acid
exposure varies from 15 to 76% in infants with CF, from 20 to 55% in CF children
and up to 90% in adults [11-19]. The ‘gold standard’ to detect reflux in the 1980s
and 1990s was 24 h oesophageal pH-monitoring. Since the development of a newer
technique, impedance-pH monitoring, it is possible to determine not only acid
reflux, but also non-acidic reflux episodes [20, 21]. Using this technique, increased
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reflux was found in 20/23 (87%) CF patients. Acid reflux was most common, how-
ever, there appeared to be a subgroup of CF patients (21%) having increased weakly
acidic reflux [22]. In a group of 24 CF children, increased reflux was found in 67%,
with the majority of reflux events being acidic [23]. It is important to notice that a
substantial subgroup of CF patients have increased reflux without having typical
GOR symptoms, i.e. so called silent reflux. Button et al. described silent GOR in
60% of CF adults and Blondeau et al. previously reported silent GOR in 57% of
adult CF patients [13, 22].

The mechanisms of increased reflux have been extensively studied in GORD, but
much less is known about the pathophysiology of GORD in CF. Low LES pressure
is an important factor in the pathogenesis of reflux in CF, however the predominant
mechanism of reflux in CF is the increased occurrence of transient lower oesopha-
geal sphincter relaxations (TLOSRs) [14, 16, 24]. During TLOSRs, gastro-
oesophageal pressure gradients were higher in 12 CF patients compared to healthy
subjects. This was suggested to be due to a more negative intra-thoracic pressure
[24]. This increased inspiratory effort in CF can favour reflux, suggesting that in
adult CF reflux can be a secondary phenomenon to respiratory dysfunction.

The highest concern about increased reflux in CF is the alleged occurrence of
aspiration of (duodeno)-gastric contents into the lungs. The gastro-oesophageal
refluxate contains mostly acid, aerosolised chyme and food particles; however,
other components might also be present, such as pepsin, bile and other duodeno-
gastric enzymes. Several methods have been used to detect gastric aspiration into
the lungs, like pulmonary scintigraphy, ambulatory 24 h laryngeal or pharyngeal
pH-measurements, lipid-laden macrophages and the presence of (duodeno)-gastric
components in BALF [25-30].

Detection of Aspiration

Pulmonary scintigraphy has been used to detect aspiration by measuring radiola-
belled gastric material in the lungs, however, it has a low sensitivity [30].

Laryngeal or pharyngeal pH-measurements have the limitation of being able to
only detect proximal reflux of acidic components. Therefore, Ledson et al. per-
formed simultaneous ambulatory 24 h tracheal and oesophageal pH-measurements
in a group of 11 adult CF patients and described tracheal acidification in 36%, sug-
gesting that acidic components are frequently aspirated into the trachea [29].

The presence of lipid-laden macrophages in BALF has been used to determine
aspiration, but it has a low sensitivity and specificity, varying from 57 to 69% and
from 75 to 79% [31, 32].

Aspiration can also be determined by detection of (duodeno)-gastric compo-
nents, such as pepsin and bile acids, in saliva, sputum or BALF. The golden standard
in detecting aspiration, measuring (duodeno)-gastric contents in BALF collected
during bronchoscopy is invasive and not routinely performed in CF. Blondeau et al.
showed the presence of bile acids in saliva of almost half of the CF adults and in
35% of CF children [22, 23]. Although measuring the presence of (duodeno)-gastric
markers in saliva is simple, if positive, it indicates regurgitation of gastric contents
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Fig. 15.1 Concentration of bile acids in sputum of healthy controls (n = 15), patients with chronic
cough (CC), asthma patients and patients with CF (n =41) [33]

and only suggests a higher risk for aspiration. In contrast, detection of (duodeno)-
gastric components in sputum is non-invasive and can confirm aspiration in the
airways. In a recent study, bile acids were found in sputum of 23/41 (56%) CF
patients, in 2/15 (13%) healthy controls, in 4/28 (14%) patients with chronic cough
and in 8/29 (28%) asthma patients (Fig. 15.1). The concentration of bile acids in
sputum of patients with CF was significantly higher compared to healthy controls
and patients with chronic cough [33].

Presence and concentration of (duodeno)-gastric markers in the airway theoreti-
cally depends on volume and proximal extent of the refluxate, failure of the anti-
aspiration protective mechanisms and bronchial mucociliary clearance. Aspiration
does not occur with every reflux event. Normal protective mechanisms against aspi-
ration are reflex contraction of the UES and closure of the glottis and vocal cords
and cough [34].

Lung Function

Since impairment of lung function in CF is determined by a variety of parameters
(i.e. recurrent infection with Pseudomonas aeruginosa, poor weight for height val-
ues, development of CF related diabetes mellitus), it is challenging to assess the
impact of an isolated factor, e.g. GOR of aspiration, on the pathophysiology of lung
disease in CF.

An early study by Stringer et al. performed in a group of 57 CF children, reported
lower lung function values in those with proven reflux compared to those without
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reflux [35]. These results were confirmed in 2001 in a study using data from the
European Epidemiologic Registry of CF, where Navarro et al. conducted a survey in
7010 CF patients older than 6 years and found that patients with peptic GOR have a
slightly lower lung function compared to patients without GOR [36].

A more recent study however was unable to confirm a significant correlation
between quantitative severity of reflux and impairment of lung function in a group
of 42 CF patients [33].

In the latter study, median concentrations of neutrophil elastase, a marker of
inflammation, and neutrophilia were significantly higher in sputum from a group of
41 CF patients compared to healthy controls. Moreover, CF patients with proven
aspiration (the presence of bile acids in sputum) had significantly higher levels of
neutrophil elastase compared to those without aspiration. Although lung function at
the time of the sputum sampling was not significantly different between patients
with and without aspiration, a significant negative correlation was found between
lung function values and bile acid concentrations. Furthermore, in these patients,
there was a significant correlation between bile acid concentrations in sputum and
the number of days of IV antibiotic therapy in 2 years preceding sputum collections
[33]. Such studies are confounded by sampling error because of the episodic nature
of reflux events.

Aspiration

Aspiration of bile acids in CF is associated with more airway inflammation and the
degree of aspiration appears to be related to the extent of the airway inflammation.
It seems logical to assume that increased reflux will increase the likelihood of aspi-
ration. However, even CF patients with a physiological amount of reflux might have
aspiration with deleterious consequences for their lung function.

It has been hypothesized that aspiration can lead to chemical injury, which can
provoke airway constriction and edema followed by an inflammatory response. Not
only acid particulates and bile acids, but also pepsin has been linked to increased
airway inflammation. It was shown by McNally et al. that high levels of pepsin in
BALF of a group CF children was associated with high levels of IL-8, a potent acti-
vator for neutrophils [37].

Treatment

Treatment with proton pump inhibitors (PPI) to reduce acid reflux is common prac-
tice in CF, but also to compensate for decreased bicarbonate secretion and to facili-
tate pancreatic enzymes supplementation. PPI treatment reduces both acidity as
well as volume of the gastric contents, however, it does not eliminate reflux [38].
Consequently acid suppression will not prevent aspiration of non-acidic gastric
components, like food particles, bile acids, trypsin and other duodeno-gastric
components.
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As mentioned above, there appears to be a link between reflux/aspiration and
neutrophilic inflammation in the lungs, probably mediated via IL-8. A recent in vitro
study showed that exposure of primary bronchial epithelial cells to gastric juice
from patients treated with PPIs provoked a significantly higher grade of inflamma-
tion, by means of IL-8, compared to exposure to gastric juice from patients not
treated with PPIs. Levels of endotoxins were significantly higher in gastric juice
from patients on PPI compared to patients off PPI, suggesting that bacterial sub-
products might be very important for the inflammatory reaction [39].

Conclusions

Several studies proposed the hypothesis that CF lungs are more susceptible for
inflammation compared to healthy lungs. Khan et al. and Rosenfeld et al. have
revealed elevated levels of different cytokines and neutrophils in the lungs of CF
patients, even in those who have only mild lung disease or in the absence of
infection [4, 6]. Muhlebach et al. found higher levels of inflammatory cytokines
in response to similar levels of pulmonary infection in CF children compared to
non-CF controls and after stimulation of both CF and healthy airway epithelial
cells with Pseudomonas aeruginosa, levels of IL-8 were found to be significantly
higher in the CF cells compared to the healthy cells [7, 40]. A recent study could
confirm these findings: CF primary bronchial epithelial cells secreted signifi-
cantly higher levels of IL-8 compared to healthy primary bronchial epithelial
cells, both after stimulation with gastric juice from patients on and off PPI [39].

Based on literature findings, we can hypothesize that CF patients, when
treated with PPIs, have a gastric juice with a high pH and bacterial contamina-
tion. CF patients are known to have increased reflux and bronchial aspiration.
The aspirated material has a significantly enhanced inflammatory effect on CF
bronchial epithelial cells in culture. Chronic treatment with PPI does not prevent
aspiration and may result in a paradoxically increased inflammatory effect in the
airways. Alternative therapies, such as anti-reflux surgery, can be the treatment
choice in CF patients. In a group of 25 CF children who underwent a Nissen
fundoplication, those who had a forced expiratory volume in 1 s (FEV1) of less
than 60% predicted at the time of the fundoplication showed an improvement in
FEV1 slope as compared to those with a FEV1 of 60% and more [41]. A recent
uncontrolled study by Fathi et al. showed beneficial effects of a Nissen fundopli-
cation in a group of CF patients reducing both cough and exacerbation rate [42].
Based on these results, a non-invasive screening test for aspiration might be used
to select CF patients that could benefit from anti-reflux surgery.
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Abstract

Idiopathic pulmonary fibrosis (IPF) is a specific form of chronic and progressive
fibrosing interstitial pneumonia of unknown cause. IPF is the most common
form of idiopathic interstitial pneumonia (IIP) and accounts for 50—60% of these
diseases. Even though the cause of IPF is unknown, various exposures such ciga-
rette smoking, metal/wood dust, certain drugs and importantly gastroesophageal
reflux (GER) have been associated with IPF. There is an increasing body of lit-
erature regarding the relationship between GER and IPF, particularly over the
last decade. This has culminated in anti-acid medications receiving a conditional
recommendation for use in patients with IPF in the most recent American
Thoracic Society/European Respiratory Society/Japanese Respiratory Society
and Latin American Thoracic Associate guidelines for the treatment of IPF. This
chapter will explore the proposed pathologic relationship between IPF and GER
as well as treatments, outcomes and future directions.

Idiopathic Pulmonary Fibrosis

Idiopathic pulmonary fibrosis (IPF) is a chronic and progressive fibrosing intersti-
tial pneumonia of unknown cause that is associated with the histopathologic and
radiographic pattern of an usual interstitial pneumonia (UIP) pattern [1]. A median
survival of 3-5 years from the time of diagnosis has been widely described [2].
Clinical features of IPF include progressive dyspnea, cough and a restrictive pulmo-
nary physiology. The incidence and prevalence of IPF worldwide is increasing with
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recent estimates of prevalence in the US being 18.2 cases per 100,000 persons [3].
IPF occurs in adults over 50 years old with the onset typically in the sixth and sev-
enth decade of life [1]. There is a male predominance; males with IPF outnumber
females with IPF by nearly 1.5:1 [1]. Although studies in the western hemisphere
have a higher prevalence in Caucasians of European origin, there does not appear to
be any known racial, ethnic, geographic, or cultural predilection for IPF. In the
appropriate clinical setting, a confident diagnosis of IPF can be made based on clini-
cal features—an UIP pattern on high-resolution computed tomography (HRCT)
combined with clinical criteria including the absence alternative causes [1]. Based
on current guidelines for the diagnosis of IPF, histopathologic features of an UIP
pattern on surgical lung biopsy is required for definitive diagnosis of IPF in patients
who do not have the definitive UIP pattern on HRCT images [1].

Until recently, treatment options for IPF have been limited [1]. In 2014, the
results of two randomized controlled clinical trials were published demonstrating
that both the medications studied, pirfenidone and nintedanib, attenuated the rate of
decline in the forced vital capacity (FVC) over 52 weeks [4, 5]. These two medica-
tions have been given a conditional recommendation for use in the 2015 updated
American Thoracic Society guidelines for the treatment of IPF [6]. In addition to
these two medications, anti-acid medications were the only other type of medication
to receive a conditional recommendation in these updated guidelines. This high-
lights the growing link between IPF and abnormal gastroesophageal reflux (GER).

GER and Idiopathic Pulmonary Fibrosis

Although the understanding of the pathogenesis of IPF is incomplete, the theory of
inflammation playing a significant role in IPF has fallen out of favor. Instead, most
investigators agree on a theory involving a lung injurious event with resultant con-
tinuous abnormal repair [7]. By definition, IPF is a disease of unknown etiology, but
various factors have been associated with IPF as potential causes of lung injury.
These factors include cigarette smoking, viral infections, environmental exposures
and importantly GER and microaspiration [8-10] (Fig. 16.1).

Studies Evaluating GER in Patients with IPF

The connection between GER and IPF is longstanding. Case series dating back to
1971 have described pulmonary fibrosis associated with hiatal hernia [11]. Since
then, there have been numerous studies that have documented a strong relationship
between GER and IPF. More recently, a study using multidetector computed tomog-
raphy scans to identify hiatal hernias found hiatal hernias to be more prevalent in
IPF patients compared to patients with asthma and chronic obstructive pulmonary
disease (39% vs. 17% vs. 13%, p-value = 0.01 to <0.001) [12]. Perhaps most nota-
bly, a case-control study of over 100,000 patients in the Veterans Administration
Hospitals reported that erosive esophagitis and esophageal stricture significantly
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Fig. 16.1 (a) High-resolution computed tomography (HRCT) image of the chest in a patient with
idiopathic pulmonary fibrosis (IPF; diagnosis ascertained per criteria described) demonstrating the
co-presence of hiatal hernia (arrow). (b) Concepts of gastro-oesophageal reflux (GER) and micro-
aspiration in the pathogenesis of IPF and acute exacerbation of IPF. Note the schematic representa-
tion of the presence of a hiatal hernia (small) and the contents of gastric juice refluxate gaining
access to the distal pulmonary parenchyma via GER and microaspiration (shown by the dots from
the distal oesophagus into the proximal oesophagus and aspirating into the lung (arrowhead)),
which can cause lung injury. Recurrent injury caused by intermittent microaspirations leads to
aberrant wound healing and subsequent pulmonary fibrosis (which manifests as a usual interstitial
pneumonia pattern on lung histopathology and a clinical diagnosis of IPF), especially in a geneti-
cally predisposed person and in elderly individuals, who are more susceptible to manifest IPF

increased the risk of pulmonary fibrosis [13]. Also, a series of 32 asymmetric IPF
cases demonstrated increased reporting of overt GERD symptoms in those patients
with asymmetric IPF compared to symmetric IPF (63% vs. 31%, p = 0.009) [14].
The patients with asymmetric IPF reported sleeping on the more affected side.

In an early study, Mays et al. indicated the incidence of both hiatal hernia and GER
was higher in patients with radiographic evidence of pulmonary fibrosis when com-
pared to age-matched control subjects [15]. In this study, GER was determined based
on upper gastrointestinal series. Subsequently, more precise techniques of evaluating
GER, including ambulatory esophageal pH monitoring, have been used to evaluate
GER in studies with IPF patients. In a prospective study, Tobin et al. demonstrated
increased distal and proximal acid exposure in 16 of 17 patients with well-defined IPF
using ambulatory esophageal pH monitoring [16]. Additional studies utilizing similar
techniques have demonstrated the prevalence of GER in IPF between 67 and 88% in
the distal esophagus and 30—-71% in the proximal esophagus [17-19].

Cause and Effect Relationship of GER and IPF

While there is an ever-growing body of literature regarding IPF and GER, the exact
relationship remains is unclear [20]. There are several theories regarding this rela-
tionship. The first theory involves GER as a sequlae of IPF. Decreased lung
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compliance in patients with IPF lead to increased swings in pleural pressure thus
causing dysfunction of the lower esophageal sphincter and GER [21]. Alternatively,
another theory revolves around chronic microaspiration of small droplets of gastric
juice either triggering an acute exacerbation or leading to progressive injury and
fibrosis. This hypothesis has been confirmed in animal models as pulmonary fibro-
sis has been induced by direct instillation of acid into the airways [22-24].
Specifically, gastric juice instillation in pig lungs has been shown to cause alveolar
damage and subsequent intra-alveolar and interstitial fibrosis with gastric hydro-
chloric acid and pepsin speculated to be the causative agents [24]. Other compo-
nents of refluxate may be implicated (see Chap. 3). Additionally, in rodent models,
aspiration of gastric fluid can result in increased concentrations of inflammatory and
profibrotic cytokines including IL-1, IL-2, TNF-alpha and TGF-beta [25]. Human
studies, mainly in the post-lung transplant patient population, have demonstrated
harmful effects such as airway inflammation, increased cell membrane permeabil-
ity, lung remodeling and stimulation of immune response when the lungs are
exposed to gastric juice [26-28].

Asymptomatic GER and Non-acid Reflux

Despite the high prevalence of GER in IPF, IPF patients often demonstrate clini-
cally occult disease. GER symptoms such as regurgitation, dysphagia and heartburn
are poor predictors of GER in patients with IPF as several studies have documented
only 25-47% of patients with IPF report symptoms of GER [16, 17, 29]. Additionally,
using these symptoms to screen for the pathologic presence of GER on 24 h pH
monitoring has a relatively low sensitivity (65%) and specificity (71%) [19].
Recently, Allaix et al. demonstrated that the prevalence of heartburn was signifi-
cantly lower in patients with IPF than in patients with gastroesophageal reflux dis-
ease (GERD), but extra-esophageal manifestations of GERD including cough, chest
pain and hoarseness were significantly more common among IPF patients [30].

Nonacid reflux could also play a role in lung injury as studies using multichannel
intraluminal impedance and pH monitoring in IPF patients confirm the presence of
non-acid refluxate [31, 32]. In a study comparing patients with IPF to control
patients, a higher number of non-acid reflux events occurred in patients with IPF
compared to controls [31]. Other studies have shown that laryngeal epithelial cells
uptake pepsin. Once internalized, pepsin can induce an inflammatory response as
well as cytotoxicity and airway remodeling [33, 34].

GER and Acute Exacerbation of IPF

The natural history of IPF is classically described as a gradual decline and loss of
function over years [1]. However, the course of IPF can be unpredictable and it is
also recognized that patients can demonstrate periods of rapid deterioration. These
periods of rapid deterioration are considered acute exacerbations if the following
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criteria is met: (1) acute worsening—typically symptoms persisting for less than
1 month (2) new bilateral ground glass opacities and/or consolidation on computed
tomography and (3) deterioration not fully explained by cardiac failure or fluid
overload [35]. Aspiration or occult aspiration of gastric contents has been proposed
a mechanism of acute exacerbation of IPF. A study evaluating pepsin levels in BAL
fluid of acute exacerbation of IPF patients versus stable IPF patients found that BAL
pepsin levels were significantly increased in the group with acute exacerbations of
IPF [36]. The BAL pepsin concentration was one standard deviation higher in the
acute exacerbation group compared to the stable group with an odds ratio 1.46 (95%
CI 1.03-2.09, p=0.04). However, BAL pepsin levels were not predictive of survival
and the increased pepsin levels were driven by a subgroup (33% of cases) with
markedly elevated pepsin levels in BAL. See Chap. 8 for a discussion of pepsin as a
marker of reflux.

GER Control and IPF Progression

Although there is ample evidence to suggest that GER plays a role in the patho-
genesis and progression of IPF, a causative relationship between GER and IPF has
yet to be firmly established. Also, the severity of GER may not always correlate
with the severity of lung disease in IPF. A study by Raghu et al. evaluated 65
patients with well-defined IPF and did not find any correlation between GER
severity and impairment of lung function [17]. Regardless, several studies have
addressed reflux control and disease progression. In 2006, Raghu et al. reported a
small cases series of four patients. In this retrospective review, adequate treatment
for acid GER by either proton pump inhibitor (PPI) or fundoplication (ascertained
by 24-h esophageal pH monitoring) lead to stable or improved pulmonary func-
tion tests values including forced vital capacity (FVC) and diffusing capacity of
the lung for carbon monoxide over a 2—6 year period [37]. A larger study pub-
lished in the same year evaluated 14 pre-lung transplant IPF patients and demon-
strated stabilization in oxygen requirements in patients who had undergone a
pre-transplant Nissen Fundoplication [38]. More recently, Lee et al. preformed a
retrospective study of 204 patients with IPF enrolled prospectively in longitudinal
cohort studies [29]. GER suppression with medical therapy was found to be an
independent predictor of longer survival time (HR 0.47, 95% CI 0.24-0.93,
p-value = 0.03). Additionally medical therapy was associated with lower radio-
graphic fibrosis scores on HRCT.

Methods of GER Control

GER can be controlled by several measures; the main categories of GER suppres-
sion include lifestyle modifications, pharmacologic therapy (Chaps. 23, 24, 25, 26,
and 27) and surgical interventions (Chap. 28). Lifestyle modifications are important
in controlling reflux and strategies include sleeping in a bed that has been raised at
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the head, dietary modifications, and appropriate timing of meals (such as not eating
3—4 h from bedtime). From a pharmacologic standpoint, PPI and histamine2-
receptor antagonists (H2RA) have long been used to suppress acid production and
are indicated to suppress symptoms associated with abnormal acid GER. It should,
however, be emphasized that the PPIs and/or H2RA are not “anti reflux medica-
tions” as they merely suppress the acidity of the refluxate of the GER. Emerging
data, though, suggests that PPIs, and not H2RAs, have effects that extend beyond
the gastrointestinal system [39, 40].

In addition to the known mechanism of blocking the hydrogen/potassium ade-
nosine triphosphatase enzyme in the gastric parietal cells, PPIs also act as scaven-
gers of reactive oxygen species and induce the production of antioxidants [41].
Additionally, PPIs are reported to suppress pro-inflammatory cytokines and inhibit
the interaction of inflammatory cells with vascular endothelial cells [40, 42]. A
recent in vitro study demonstrated that esomeprazole suppressed transcriptional
expression of pro-fibrotic molecules including fibronectin and matrix metallopro-
teinase enzymes [43]. Also, esomeprazole strongly up-regulated cytoprotective
enzymes such as heme oxygenase 1 [44] (Fig. 16.2).

As described in the previous section, anti-acid medications have been associated
with improved outcomes in IPF patients in several studies. The majority of the
patients in these studies have been maintained on PPIs as opposed to H2RA. A
recent study evaluated PPI medications exclusively and also demonstrated a pro-
longed lung transplant-free survival compared to control patients [43]. Although
several studies have reported positive outcomes with anti-acid medications, several
other recent publications have cast some uncertainty on these benefits. Kreuter et al.
preformed a post hoc analysis of 624 patients with IPF that were enrolled in three
clinical trials [45]. This study showed no significant differences in disease progres-
sion, all-cause mortality, IPF-related mortality, all-cause hospitalization rate or
mean change in percent FVC at 52 weeks in patients receiving antacid therapy ver-
sus those who did not receive antacid therapy. While the report indicated that severe
gastrointestinal adverse events and pulmonary infections were apparently more fre-
quent with anti-acid therapy, there were several limitations with the study and cau-
tion must be taken in interpretation such reports from post hoc analyses [46, 47].

PPI medications may also not sufficiently reduce acid refluxate. Raghu et al.
demonstrated that 63% of patients with IPF treated with a standard dose of PPI
continued to have abnormal acid based on repeat 24 h pH monitoring while on
therapy [17]. Therefore, surgical interventions including fundoplication and hiatal
hernia repair can also be considered for GER control. The benefit of fundoplication
is that theoretically, this procedure effectively suppresses both acid and non-acid
refluxate [48]. Fundoplication has a relatively long standing history of aiding
symptoms.

Pellegrini et al. published a study of 100 patients with reflux in 1979 [49]. 5
patients with a primary respiratory disorder reported complete resolution of their
respiratory symptoms after fundoplication. Subsequent studies have demonstrated
improvement in several respiratory symptoms including cough as well as quality of
life scores [50, 51]. Fundoplication also appears to be a relatively safe procedure
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Fig. 16.2 Schematic illustration of the key cellular and molecular events associated with an
injured alveolar wall in genetically predisposed person manifesting pulmonary fibrosis. Note that
proton pump inhibitors (PPIs) suppress key events in the lung inflammation and fibrosis including
(1) release of proinflammatory molecules from injured epithelial cells; (2) expression of adhesion
molecules and adherence of inflammatory cells into the vascular wall; (3) proliferation of fibro-
blasts including extracellular matrix deposition. The? indicates “unclear”” EMT epithelial-to-
mesenchymal transition, EndoMT endothelial-to-mesenchymal transition, FGF fibroblast growth
factor, FVIII factor VIII, HOI heme oxyngease 1, PDGF platelet-derived growth factor, RBC red
blood cell, TGF-f transforming growth factor-p, VEGF vascular endothelial growth factor, VWF
Von Willenbrand factor

even in the IPF population who tend to have more advanced lung disease. Linden
et al. retrospectively reviewed patients on the lung transplant wait list who under-
went fundoplication. There were no perioperative complications in the 14 patients
with IPF who underwent fundoplication. Most recently, Raghu et al. reported a
retrospective review of 27 patients with progressive IPF despite antacid treatment
for abnormal acid GER. These patients underwent fundoplication and there were no
deaths at 90 day follow-up and 2 year survival was 81.5% [52]. Currently, an ongo-
ing prospective multicenter randomized phase II trial—Weighing Risks and Benefits
of Laparoscopic Anti-reflux Surgery in Patients with Idiopathic Pulmonary Fibrosis
(WRAP-IPF) has completed enrollment. The results of this study will hopefully
provide some clarity regarding the safety and efficacy of laparoscopic fundoplica-
tion in IPF patients with GER.
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Conclusion

There is a growing amount of literature linking GER and miroaspiration to
IPF. Literature to date suggests that GER is highly associated with IPF. Given
this prevalence, it is appropriate to consider formal esophagus and reflux studies
in IPF patients even in patients with no GER symptoms as many patients with
IPF have clinically occult GER. While several studies suggest stabilization or
improvement in lung function with adequate control of acid reflux, there are
significant unknowns regarding the GER and IPF as well treatment with anti-
acid medications for IPF [53]. It is hoped that ongoing clinical studies and future
studies that are warranted will settle the issue of the need for treatment of GER
in patients with IPF.
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Gastro-Oesophageal Reflux Disease 1 7
(GORD) and Chronic Cough

Lorcan McGarvey and Kian Fan Chung

Introduction

Gastro-oesophageal reflux disease (GORD) as a syndrome arose from the attempt
to understand peptic symptoms and pathology in the upper GI tract. Extra-
oesophageal manifestations, such as LPR and airway reflux (discussed in other
chapters in this volume) were initially unrecognised. In this chapter ‘classic’ GORD
and its relationship or otherwise to the airways is discussed.

A recent consensus based statement defined GORD as the effortless movement
of stomach contents into the oesophagus or mouth causing troublesome symptoms
or complications [1]. Although most healthy people experience some degree of
reflux from time to time such episodes are not usually bothersome and rarely lead to
complications. In terms of bothersome symptoms, heartburn, and acid regurgitation
are most typical but extra-oesophageal manifestations including cough, hoarseness,
and frequent throat clearing have been belatedly recognised [2]. Complications
arise from tissue damage due to the direct injurious effects of gastric refluxate and
include oesophagitis and the development of strictures, Barrett’s oesophagus and in
some instances oesophageal carcinoma. These peptic complications have led to the
paradigm that GORD = acid.

GORD is prevalent, occurring in 20% of the general population [3] and
chronic cough is one of the commonest clinical problems encountered by
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doctors [4]. Although GORD and chronic cough are both common and fre-
quently co-exist, the precise clinical association between the two is often
unclear. Current guidelines on the management of cough recommend that
clinicians consider reflux as a possible aggravating factor and suggest empir-
ical trials of anti-reflux treatment [5-7]. However, without exception each
has highlighted the limited evidence base on which to recommend treatment
and the need to clarify the pathophysiological mechanisms linking GORD
and cough. Here we provide an overview of the existing literature on defini-
tion, epidemiology and clinical presentation of GORD and cough, highlight-
ing the association between gut and lung and its relevance to GORD associated
cough.

Epidemiology

The lack of agreed standards for the diagnosis of GORD makes it difficult to
provide precise data on its prevalence in the general population. In a population-
based study, Locke et al., used a validated GORD questionnaire and found a
prevalence rate of 18% for frequent heartburn, defined as occurring at least
weekly [8]. Other studies have generated data much in line with this suggesting
that between 10 and 20% of the general population report at least weekly heart-
burn [3, 9] that explains the considerable spend on antacid medical therapy
(mainly proton pump inhibitors) which has been estimated to be $14 billion
annually in the US alone [10]. GORD is considered as the most frequent reason
for gastrointestinal outpatient clinic visits in the United States, with nearly 9
million visits reported in 2009 [11]. Risk factors include increasing age, male
sex, abdominal obesity and tobacco use [2].

Clinical Presentation

Heartburn and acid regurgitation typically occurring after meals are the most
common presenting symptoms of GORD although respiratory symptoms in par-
ticular cough occur in between 15 and 18% of patients with abnormal pH
manometry [12]. Among patients referred for specialist investigation of chronic
cough, defined as one persisting for more than 8 weeks, GORD is thought to
account for approximately a third of cases [13, 14]. However, up to 75% of
patients with GORD associated cough don’t have typical reflux symptoms and
therefore clinicians might not consider this condition as the underlying cause
[14, 15]. Certain clinical features including cough on talking (e.g. on the tele-
phone), coughing on getting up out of bed and cough when eating are believed
to characteristic of GORD associated cough [16] although this is not true if
GORD related cough is limited to patients with abnormal oesophageal pH
measurements [13].
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Pathophysiology of GORD

Reflux occurs due to a failure of the lower oesophageal sphincter (LES) to control
the retrograde flow of gastric contents. An increased number of Transient Lower
Esophageal Sphincter Relaxations (TLESRs) are considered the key factor respon-
sible for GORD [17]. As the LES is sensitive to changes in intra-thoracic and intra-
abdominal pressure, it is unsurprising that obesity is commonly associated with
GORD. Elevated body mass index (BMI) is associated with the development of
reflux oesophagitis and hiatus hernia [18]. Other factors such as smoking have been
implicated and likely exert their effect by increasing TLESRs and the number of
reflux events [19]. In addition, factors associated with oesophageal dysmotility and
impaired gastric emptying contributes further to the likelihood of pathological
reflux. The majority of acid reflux events detectable by pH studies are confined to
the body of the oesophagus. Episodes traversing beyond the upper oesophageal
sphincter (UES) and extending into the laryngopharynx are termed laryngopharyn-
geal reflux (LPR). LPR is associated with a range of clinical symptoms including
hoarseness and frequent throat clearing which are frequently reported by patients
with chronic cough.

Mechanisms of GORD-Associated Cough

Two mechanisms have been proposed to explain how reflux may trigger cough. The
first (reflux theory) involves the retrograde movement of gastric contents and subse-
quent ‘direct’ activation of neural receptors responsible for cough either in the lar-
ynx or lower airway. The inhalation of noxious substances into the larynx and into
the lungs is prevented through the activation of protective upper airway neural
reflexes which evoke upper oesophageal sphincter (UOS) contraction and closure of
the glottis and vocal cords. Aspiration occurs when these protective mechanisms fail
and recent evidence suggest that patients with GORD may be at increased risk of
aspiration due to impairment of these protective reflexes [20]. However, support for
the occurrence of pathological aspiration of gut contents as evidenced by increased
levels of pepsin and bile salts in the airways of patients with cough compared to
healthy controls is lacking [21, 22]. The numerous technical problems associated
with such studies are discussed in Chap. 8.

An alternative hypothesis (reflex theory) considers that indirect stimulation
through activation of neural pathways linking the oesophagus to the airway (the
oesophageal-bronchial reflex). Experimental studies by Ing et al. compared distal
acid oesophageal perfusion with saline perfusion and reported significantly more
cough events when acid was perfused into the distal oesophagus. There was no evi-
dence of proximal reflux of acid and coughing was prevented with pre-treatment of
the oesophagus with topical lignocaine. Inhaled ipratropium bromide (anti-
cholinergic) also inhibited cough suggesting acid activation of distal oesophageal
receptors alone was responsible for vagally mediated cough [23]. Several additional
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lines of evidence support a neutrally-mediated mechanism for the association
between acid reflux and cough in particular the evidence that oesophageal sensory
stimulation can release tachykinins into the airways [24, 25]. Direct acidification of
the lower oesophagus is also associated with other neurally-mediated responses
such as bronchospasm, providing further support for the reflex theory [26, 27].

The temporal association of gastro-oesophageal reflux events with coughing epi-
sodes has been investigated and this temporal link occurs irrespective of the acid
content of the refluxate or the presence of other conditions contributing to cough
[28]. However, in those patients where the reflux event is followed on by a coughing
episode, there is more erosive disease or evidence of oesophageal exposure to reflux,
and also these patients have a greater tussive response to citric acid [29]. These
observations also provide indirect support that the development of cough hypersen-
sitivity may link acid reflux events to cough.

Management of GORD-Associated Cough

Central to the clinical management of the GORD-associated cough is identifying
the subgroups of patients most likely to respond to various medical or surgical treat-
ments available for GORD. However, there are no readily identifiable clinical fea-
tures that help and, although a number of investigational techniques have been
developed, each has its limitations, often lacking in specificity and sensitivity.
Recently, a more targeted approach to physiological testing in adult patients with
suspected GORD associated cough has been recommended [30]. A brief summary
of the utility of the most common investigations undertaken is provided below.

Investigations
Barium Swallow

While the reflux of gastric contents during barium swallow has been detected in
30% of normal subjects, it can be absent in up to 60% of patients with GORD [6].
However, in selected cases, in particular patients with chronic cough and symptom-
atic reflux despite intensive acid suppression, documenting structural abnormalities
such as a hiatus hernia and determining the presence and extent of volume reflux
using a barium swallow can be clinically useful. Such patients may benefit from
pro-kinetic therapy.

Oesophageal Manometry
Abnormal manometry has been reported in up to two-thirds of patients undergoing

investigation for possible reflux associated cough [31]. Oesophageal manometry
findings are not useful in identifying cough patients likely to respond to prokinetic
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agents but evidence of a major motility disorder such as absent peristalsis or acha-
lasia would exclude such a patient from anti-reflux surgery. Nonacid oesophago-
pharyngeal reflux may be detected by combined manometry/impedance techniques
discussed in detail in Chap. 10.

24-Hour Oesophageal pH Monitoring

Twenty-four hour oesophageal pH monitoring does not help to nor will it detect
potential causative factors such as weakly acidic or alkaline reflux events nor
responds to acid suppression [32]. Furthermore, while a number of symptom asso-
ciation parameters (SAP) have been developed, there is no consensus on how the
temporal relationship between an acid reflux event and a cough episode should be
categorised. In our opinion these limitations negate the utility of this investigation
in the evaluation of patients with chronic cough. Consequently it is almost never
requested in our practice.

Multichannel Intraluminal Impedance

The capacity of multichannel intraluminal impedance (MII-pH) monitoring to
detect non-acid (or weakly acidic) as well as acid liquid moving in both an ante-
grade and retrograde direction represents a more complete means of characterising
reflux events within the oesophagus. Since the technique relies on contact of liquid
with the proble electrodes it does not reliably detect gaseous reflux. Sifrim et al.
were the first to use this technique to identify a subgroup of patients with chronic
cough clearly associated with weakly acidic liquid gastro-oesophageal reflux [33].
In another study of MII-pH monitoring in asthmatics and chronic cough patients,
those with a positive SAP for cough had evidence of greater number and a higher
proportion of proximal reflux episodes in the pharynx compared to those with a
negative SAP [34]. While MII-pH has not been not been widely adopted clinically,
it continues to provide mechanistic insights into the factors responsible for the
reflux-cough syndrome. Recently, in an attempt to identify the characteristics of
refluxate most important in triggering cough, Herregods et al. reported that the pres-
ence of a larger volume of refluxate and oesophageal exposure to reflux for a longer
period of time were important whereas the acidity of the refluxed material seemed
less relevant. They interpreted their findings as an explanation for why most patients
with chronic cough tend not to benefit from acid suppression therapy [35].

Treatment of GORD-Associated Cough

The absence of clinical features or of a reflux test that reliably identifies the most
effective treatment for a patient with suspected reflux associated cough has ham-
pered any clear consensus. The existing literature on treatment has been focused on



210 L. McGarvey and K. F. Chung

Table 17.1 Summary of recommendations for chronic cough due to gastroesophageal reflux in
adults®

1. In adult patients with chronic cough, we suggest that the cough be managed according to a
published management guideline that initially considers the most common potential
aetiologies as well as symptomatic gastroesophageal reflux (ungraded, consensus based)

2. In adult patients with chronic cough suspected to be due to reflux-cough syndrome, we
recommend that treatment include (1) diet modification to promote weight loss in overweight
or obese patients; (2) head of bed elevation and avoiding meals within 3 h of bedtime; and (3)
in patients who report heartburn and regurgitation, proton pump inhibitors (PPIs), H2-receptor
antagonists, alginate, or antacid therapy sufficient to control these symptoms (grade 1C)

3. In adult patients with suspected chronic cough due to reflux-cough syndrome, but without
heartburn or regurgitation, we recommend against using PPI therapy alone because it is
unlikely to be effective in resolving the cough (grade 1C)

4. In adult patients with chronic cough potentially due to reflux-cough syndrome who are
refractory to a 3-month trial of medical antireflux therapy and are being evaluated for surgical
management (antireflux or bariatric), or in whom there is strong clinical suspicion warranting
diagnostic testing for gastroesophageal reflux, we suggest that they undergo oesophageal
manometry and pH-metry with conventional methodology (grade 2C)

5. In adult patients with chronic cough and a major motility disorder (e.g., absent peristalsis,
achalasia, distal oesophageal spasm, hypercontractility) and/or normal acid exposure time in
the distal oesophagus, we suggest not advising antireflux surgery (grade 2C)

6. In adult patients with chronic cough, adequate peristalsis, and abnormal oesophageal acid
exposure determined by pH-metry in whom medical therapy has failed we suggest antireflux
(or bariatric when appropriate) surgery for presumed reflux-cough syndrome (grade 2C)

aFrom Reference [28], with permission

acid suppression and such studies where PPI therapy has been assessed have gener-
ally been of low quality (often open label, small, using ineffective doses for insuf-
ficient periods of time) [36—40]. Although the empirical use of antacid treatment has
been advocated [5-7], there is a need to refine these recommendations. An example
of such refinement would be targeting PPI therapy only for those with positive pH-
metry where therapeutic benefit is considered more likely [41] (Table 17.1).

Two well conducted randomised controlled studies have demonstrated that PPIs
have no effect greater than placebo in patients thought to have reflux cough [39, 42].

Conclusion

GORD is associated with chronic cough. However, this association does not
appear to be causative. Antacid treatment should only be given to carefully
selected patients. If reflux is an important cause of chronic cough then it is a form
of reflux outside the classic GORD paradigm.
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Their Presumed Role in Chronic Cough

and the Development of End-Stage Lung

Disease

Jacob A. Klapper, Brian Gulack, and Matthew G. Hartwig

Introduction

Amongst patients with end-stage lung disease (ESLD), symptoms and diagnostic
evidence of gastroesophageal reflux disease (GERD) are extremely common. In
fact, roughly two-thirds of all patients with ESLD have documentable gastroesoph-
ageal reflux [1]. The presence of significant reflux is not limited to one pulmonary
disease, but is seen in patients with ESLD secondary to COPD, cystic fibrosis and
idiopathic pulmonary fibrosis (IPF) [2, 3]. While the pathophysiology of COPD and
cystic fibrosis are well understood, it remains unknown what leads to the eventual
development of IPF. Interestingly, evidence has continued to mount over the last
20 years that reflux is not just prevalent in patients with IPF, but may in fact be con-
tributing to its development.

The increasing interest in patients with GERD and concomitant pulmonary dis-
ease is not just limited to establishing its cause-and-effect relationship with
IPFE. Since the first successful lung transplants in the early 1980s, many investigators
have noted that reflux tends to worsen after lung transplant [4, 5]. Mechanisms for
why this occurs have been proposed. More importantly, there is a growing body of
evidence suggesting that laryngopharyngeal reflux, or LPR, contributes greatly to
chronic lung allograft disease, also known as bronchiolitis obliterans syndrome
(BOS) [6].

The purpose of this chapter is to first examine the evidence that exists to support
the contention that reflux contributes to chronic cough, and, over a lifetime, may
lead to the development of IPF and other lung diseases. Second, it will examine how
prevalent reflux is across the spectrum of ESLD patients. At the same time, the
chapter will address the questions that remain in definitively linking reflux and lung
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disease. To conclude, the focus of the chapter will transition to evaluating the preva-
lence of GERD in lung recipients, how reflux potentially contributes to graft dys-
function, and what measures have been taken to reduce the risk that chronic reflux
can lead to BOS.

Reflux and Chronic Cough

If one were to consider the development of ESLD to be the final result of repeated
insults to the airway from reflux, it would make intuitive sense to conclude that one
of the earliest potential manifestations of the effects of GERD would be cough. In
fact, for years, an association between GERD and the development of chronic cough
has been hinted at in the literature. Establishing a cause-and-effect relationship
between the two has been more difficult as there exists a multitude of causes of
chronic cough, and GERD, either asymptomatic or symptomatic, afflicts many oth-
erwise healthy adults. Along these same lines, no diagnostic algorithm has been
developed that can reliably correlate a patient’s GERD with cough. For instance,
endoscopy and barium esophagoscopy while useful in defining esophageal dysfunc-
tion and disease are of no crossover utility in terms of the patient’s respiratory
symptoms. More advanced diagnostic techniques, such as pH monitoring and
manometry, have also been applied to patients with chronic cough but again have
limitations in definitively establishing an association between the two disease pro-
cesses. In the end, identifying those patients whose cough is related to their reflux
essentially comes down to more traditional methods of diagnosis; consultation and
physical examination [7].

In lieu of a test that can prove a patient’s cough is related to their reflux, clini-
cians have instead turned to the application of medications in those individuals for
whom high levels of suspicion exist. Fathi et al. randomized 50 adult non-smokers
with chronic cough to 20 mg twice daily esomeprazole versus placebo. All patients
included in this study were assessed for the likelihood that their cough was reflux
related based on an administered questionnaire and the elicitation of symptoms,
such as cough after eating and with subsequent bending at the waist. The authors of
this small study found no difference in cough scores between the two groups and
thus concluded that PPIs were of no utility in the treatment of chronic cough [8]. In
a comparable study published by the American Lung Association, but one in which
the patient cohort consisted of individuals with poorly controlled asthma, the
authors again found that PPIs did not positively impact asthma control despite the
high incidence of reflux amongst the study participants [9].

Interestingly, current recommendations from the American College of Chest
Physicians suggest surgical therapy for patients with chronic cough and poorly con-
trolled GERD [10]. Unlike the two randomized studies presented above, there have
been no such studies produced in the surgical literature, and in truth with the steady
decline in referrals for Nissen fundoplication, it is unlikely that a well-designed trial
will ever be completed. Thus, much remains unknown regarding the association
between cough and reflux.
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Reflux Prevalence in Patients with ESLD

Reflux in patients who present with ESLD is now well characterized. D’Ovidio
et al. were some of the first to thoroughly assess its prevalence in patients present-
ing for evaluation for lung transplantation. In an analysis of 78 consecutive
patients, with a variety of presenting disease processes (i.e. COPD, CF, IPF,
scleroderma), GERD related symptoms were noted in 63% of the patients [1].
Similarly, Sweet noted in 109 patient evaluations for lung transplantation that at
least one typical symptom of GERD could be found in 69% of patients [2].
Although Sweet et al. reported on the common nature of GERD symptoms in
some of these patients, one of the lessons from these studies and others like them
is that relying on the patients’ description of symptoms is likely to miss a subset
of individuals who have significant reflux. Again, D’Ovidio et al. found that 14%
of asymptomatic patients had pathologic lower esophageal acid reflux and 7% had
pathologic proximal acid reflux. Similarly, when comparing a patient’s symptom
profile to their ambulatory pH monitoring, Sweet found that symptoms had a sen-
sitivity and specificity for accurately detecting distal and proximal reflux of 67%
and 26% and 62% and 26% respectively. As will be discussed later in the chapter,
the impact of abnormal acid exposure and impaired lung function appear to be
intimately related to one another thus capturing all patients with reflux, whether
symptomatic or not, is imperative.

In an attempt to further characterize the reflux seen in these patients, studies
such as the ones mentioned above and multiple others have documented the
impressive degree to which these patients suffer esophageal dysmotility and
documented reflux [3]. Thirty-three percent of the patients in the D’Ovidio et al.
study had abnormal peristalsis, 38% had abnormal proximal pH testing, and
72% had diminished LES tone [1]. Comparably, Sweet found that 55% of
patients with GERD had a reduced LES tone. In addition, it was noted that
patients with GERD had a significantly higher DeMeester score and incidence
of proximal reflux then patients without GERD [2]. Finally, in a study of 18
consecutive patients with IPF, investigators from UCSF noted reflux symptoms
in two-thirds of patients, which correlated with manometric findings of a hypo-
tensive LES, and pH monitoring that documented abnormal proximal reflux in
50% of patients [11].

GERD and IPF

While the etiology of idiopathic pulmonary fibrosis is not well understood, the prev-
alence of GERD amongst patients with this disease has led many to ponder whether
IPF may be caused by chronic GERD and/or aspiration [12]. A number of studies
utilizing animals demonstrated very clearly that acidic aspiration can cause signifi-
cant damage and eventual fibrosis in the lungs [13—15]. During this same time,
additional evidence in human subjects drew a correlation between esophagitis and
the eventual development of pulmonary disease [16, 17]. As a direct extension of
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these pre-clinical and clinical studies, a number of more recent studies have utilized
modern diagnostic modalities (i.e. manometry and pH monitoring) in order to fur-
ther characterize how GERD may contribute to IPF [12, 18].

The prevailing theory on how GERD may lead to the development of IPF is that
over an extended period of time chemical burn from gastrointestinal contents results
in the release of inflammatory cytokines, that then recruit neutrophils and macro-
phages to the site of injury. In time, fibroblasts arrive leading to fibrosis and the
clinical development of disease processes such as diffuse aspiration bronchiolitis
[19-21]. As mentioned above, decades of animal research have repeatedly demon-
strated that the instillation of acid or gastric juice leads to epithelial damage, pulmo-
nary edema, eventual fibrosis, and diminished gas exchange [22]. More recent
experimental evidence has even elucidated the transcriptional mechanisms involved
in acid-induced lung inflammation [23]. While suggestive of the degree to which
acute aspiration can induce lung injury, experimental evidence is less abundant
when it comes to the effects of chronic aspiration. To address this, Appel et al. cre-
ated a rodent model in which gastric fluid or saline were instilled into the left lung
of rats weekly for 4, 8, 12, or 16 weeks. Treated rats (i.e. gastric fluid) had bron-
choalveolar lavage specimens that exhibited increased CD4:CD8 counts, high levels
of inflammatory cytokines, and most importantly histiologic evidence of lympho-
cytic bronchiolitis and obliterative bronchiolitis. These autopsy findings from the
rats were comparable to what would be seen in the lung of a human patient with
pulmonary fibrosis and thus further supports the cause-and-effect relationship of
reflux and fibrosis [24].

Despite these highly suggestive pre-clinical studies, the onus remains on proving
that some of the human subjects who develop pulmonary fibrosis do so secondary
to reflux. As we know, the signs and symptoms of GERD in patients with ESLD are
not only limited to those with IPF. With that in mind it would seem prudent to estab-
lish that there is something unique about the reflux seen in IPF patients. To that end,
the group at the University of Washington compared 17 patients with newly diag-
nosed IPF to eight patients with other forms of interstitial lung disease. Notably the
patients with IPF had much higher rates of not only distal acid exposure but, per-
haps more importantly, proximal acid exposure (particularly in the supine position).
This fact, the authors claim, suggests that patients with IPF may develop the disease
secondary to nocturnal aspiration of acidic contents [25]. In expansion of this previ-
ous study Raghu et al. evaluated 65 patients with newly diagnosed IPF using a pH
probe; once again demonstrating a high incidence of abnormal acid exposure which
eclipsed that seen in a separate group of asthmatic patients [26]. In a similar cohort
of 30 IPF patients, Sweet et al., relying on both manometry and pH monitoring,
found that two-thirds of IPF patients had abnormal reflux, poor peristalsis, and a
hypotensive lower esophageal sphincter [18].

Taken at face value, the data from these studies is very suggestive of a causal
relationship between IPF and GERD. Upon deeper examination, however, there
remains much to be reconciled before such a correlation can be definitively drawn.
First, in the studies mentioned above, none were able to demonstrate an association
between lung function and acid exposure. In fact, somewhat perplexingly, Sweet
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et al. found that patients with reflux actually had better pulmonary function testing.
Along these same lines, it would be expected, in keeping with the presumed patho-
physiology, that patients with IPF would have a high incidence of proximal acid
exposure. Contrary to Tobin et al., Raghu et al. found no difference in this measured
variable between patients with IPF or asthma and only 30% of the patients in
Sweet’s cohort had abnormal proximal acid exposure. Another issue is the discrep-
ancy in the histopathology that exists in the lungs of patients with aspiration-related
lung injury and what is seen in IPF. As an example, IPF patients typically have a
usual interstitial pneumonia pattern that is marked by heterogeneous fibrosis at the
lung periphery. In comparison, patients with aspiration related injury have more
airway damage with granulomatous inflammation [27].

These contradictions are not the only ones that raise doubt. While many assume
that it is the GERD that causes IPF, the reverse may actually be true. It is known, for
instance, that the fibrosis that results from IPF has a significant impact on normal
chest wall physiology and it is therefore not a radical departure to assume that these
changes can distort mediastinal structures such as the esophagus. In fact, evidence
does exist, especially in patients with fibrotic lung disease (cystic fibrosis and IPF)
that a shortened esophagus is an anatomic reality coexistent with abnormal peristal-
sis and diminished lower esophageal sphincter tone [2]. Finally, if one hypothesizes
that GERD accelerates the development of IPF, strong evidence should exist estab-
lishing that early treatment with anti-reflux medications or surgery can halt disease
progression and preserve lung function. While some studies have suggested that this
is the case, indisputable evidence does not exist and current treatment guidelines do
not mandate such therapies [26, 28, 29]. Additionally, given the prevalence of symp-
tomatic reflux within the general American population, one might expect a much
higher incidence of IPF. Thus, it only seems logical to conclude that reflux, while
contributory, is by no means solely responsible for the development of IPF.

Reflux and Lung Allograft Dsyfunction

In the last 20 years, as the number of patients, with and without GERD, who have
received lung transplants has steadily increased, clinicians have come to realize that
reflux not only persists post-transplant, but in many cases progressively worsens. In
addition, even those recipients who never had GERD develop evidence of reflux
postoperatively [30]. Given what is known about the effects of reflux on native
lungs and that bronchiolitis obliterans syndrome (BOS) is clearly life-limiting,
many have surmised that reflux post-transplant contributes to the development of
BOS. Li et al. tested this hypothesis with a mouse model designed to assess the
effects of chronic aspiration. In this study, transplanted mice were given either a
gastric fluid aspiration or not over a period of 8 weeks after which the allografts
were harvested and examined. In 67% of the mice that were subjected to induced
aspiration, the investigators discovered evidence of obliterative bronchiolitis [31].
The above study was the first animal model to draw a direct correlation between
gastric acid aspiration and the development of obliterative bronchiolitis. In humans,
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GERD has been recognized as a possible contributing factor in the development of
BOS. The basis for this theory is heavily influenced by observations that patients
with reflux have persistent, if not worse, reflux after transplant and that patients who
did not have reflux pre-transplant develop it after surgery [4, 5, 30, 32]. While some
of the evidence for this is based on abnormal pH exposure times, studies published
in the last 10 years have elected to measure levels of pepsin and bile acids in the
BAL specimens of transplanted patients. Considered to be strong markers of aspira-
tion, it is felt that the repeated exposure of the bronchial epithelium to these gastric
products instigates a cycle of repeated inflammation that leads to BOS. Indeed, mul-
tiple investigators have found that transplanted patients, as compared to normal con-
trols, have significantly higher pepsin and bile acid levels in their BAL specimens
[33-36].

With elevated acid exposure times post-transplant along with high quantities of
pepsin and bile acid in BAL specimens it seems logical to assume that these factors
are detrimental to immediate allograft function and possibly contributory to
BOS. Shah et al. evaluated 60 transplant patients with pH probes to ascertain how
reflux impacted the incidence of acute rejection episodes. Notably, they found that
patients with GERD had a higher unadjusted rate of acute rejection episodes com-
pared to those without GERD, earlier onset of acute rejection and more frequent
rejection episodes [37]. Meanwhile, Fisichella noted that the BAL specimens of
patients with acute rejection contained much higher levels of pepsin than those with
no evidence of rejection [34, 35]. Stovold and Ward in two additional studies of
pepsin in the BAL specimens of recipients also discovered high pepsin levels cor-
related with acute rejection episodes [36, 38].

In terms of the development of BOS, the data available can best be termed highly
suggestive, but not quite definitive. Blondeau et al., for instance, studied 63 lung
transplant patients who were all out from transplant greater than a year. The purpose
of the study was to assess the degree of gastric aspiration in patients with BOS. The
conclusions are somewhat conflicted with the authors finding that patients with
BOS did not have a higher prevalence of reflux while at the same time noting that
patients with BOS had an increased presence of bile acids in their BAL specimens
[33]. Blondeau et al., however, are not the only ones to publish this seemingly con-
tradictory finding. Fisichella et al. also found that GERD patients did not develop
BOS more rapidly than those without reflux, but progression to BOS was indeed
more rapid in those with detectable pepsin levels in their BAL specimens [34, 35].
Finally, in contradiction to both of the above studies, D’Ovidio et al. found lung
transplant patients with abnormal acid exposure (based on pH studies) did indeed
have a significantly reduced freedom from BOS. In addition, like Blondeau, the
presence of bile acids in the BAL specimens was associated with the development
of BOS (pepsin levels were not measured) [39]. So how to resolve these apparent
discrepancies and make logical sense of how reflux or its various contents contrib-
ute to BOS? Perhaps, as Blondeau states, the development of chronic rejection is
related more to the specific content of the reflux (i.e. bile acids) than the actual fre-
quency or volume of reflux (i.e. pH probe analysis). Also, the lung recipient’s own
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immune system likely plays a role as non-alloimmune injury stimulants such as
aspiration may lead to alloimmune injury. It is likely that future research will help
delineate how reflux contributes to lung injury after lung transplantation. To this
end, the RESULT study (Reflux Surgery in Lung Transplantation) is a retrospective
study designed to recruit multiple centers in hopes of identifying specific aspiration
markers that correlate with adverse clinical outcomes post-transplant (www.clini-
caltrials.gov, NCT014406210).

Regardless of exactly what role chronic reflux plays in acute and chronic rejec-
tion, it is very clearly present in the majority of transplant patients. Presumed mech-
anisms abound as to why it is so common. Likely the development of reflux is
multifactorial. Many have proposed that the operation itself induces reflux second-
ary to trauma to the vagal nerves at the time of surgery and that this postoperatively
explains the esophageal dysmotility and delayed gastric emptying that is so com-
mon in the lung transplant population [40]. Other investigators have suggested that
the effects of vagal nerve damage impact mucociliary transport in the post-transplant
patient. In theory, this impaired vagal nerve function serves to create a situation in
which patients not only have more reflux and aspiration but also lack the ability to
protect the tracheobronchial tree from these toxic exposures. Bhashayam et al.
developed a murine model that nicely elucidates this hypothesis. In their study they
ligated the right vagus in multiple consecutive mice; first finding that vagotomy had
little effect on mucociliary clearance (MCC) at baseline. They then compared the
impact on MCC when these same mice (and non-vagotomized controls) were
exposed to the nociceptor agent capsaicin. Interestingly, as compared to the control
group, the vagotomized mice had no increase in MCC thus suggesting that denerva-
tion negatively impacts the ability to clear the airway of damaging aspirate [41].

While the idea of increased reflux being a byproduct of vagal injury is intuitive,
it is unlikely that so many lung recipients are subject to vagal injury during trans-
plantation. Young, for instance, in a review of 23 lung transplant patients found that
65% had abnormal acid contact times post-transplant and that this did not correlate
with esophageal dysmotility and gastroparesis. Other possible explanations for such
increases in acid exposure may be due to immunosuppression medications, as ste-
roids are known contributors to reflux [42]. Other common post transplant medica-
tions, such as azathioprine or mycophenolate, are commonly associated with
gastrointestinal complaints. As another possibility, Young mentions that changes in
“diaphragm mechanics” postoperatively may have an adverse effect on competence
of the lower esophageal sphincter [30].

Independent of how reflux develops in lung transplant patients, investigators
have focused on what changes are occurring at the cellular level at the site of the
injury. As we know from the BAL aspirates of these individuals, pepsin and bile
acids are present to varying degrees and are presumably injurious to the bronchial
epithelium. For example, researchers at the University of Toronto were able to
demonstrate reduced levels of pulmonary surfactant in transplanted patients who
had elevated bile acids in their BAL specimens [39]. The function of these surfac-
tants includes the opsonization of bacteria, fungi and viruses as well as the
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regulation of macrophage and neutrophil cytokine production. In theory, a lack of
surfactant creates a cycle of immune cell proliferation with varying cytokine pro-
duction that over time will lead to the deposition of fibrocytes that are a hallmark
of chronic rejection [43].

Reflux Management and Chronic Rejection

While it seems unlikely that reflux is the sole contributor to chronic allograft rejec-
tion, many practitioners take an aggressive approach to treating reflux in post-
transplant patients. Options consist of medical management with antacid therapy
and surgical management with a full or partial fundoplication. The former offers the
patient the opportunity to avoid another operation by utilizing a widely available
and inexpensive class of medications. Whether these drugs are really of any true
benefit seems debatable. Blondeau, for instance, found that while transplant patients
on proton-pump inhibitors (PPIs) had less esophageal acid exposure there were no
differences in terms of acid reflux events and volume of exposure as compared to
controls. In addition, pepsin and bile acid levels in BAL specimens were similar in
transplant patients both on and off PPIs [33]. Likewise, Stovold reported that PPI
therapy had no impact on the pepsin levels measured in the BAL specimens of post-
transplant patients [36].

What these studies point to is that PPIs and other related classes of medica-
tions may be effective at reducing acidic reflux but they do nothing to prevent
mildly acidic, neutral or alkaline reflux which potentially can be just as damag-
ing. In other words, these patients still have reflux and thus are still prone to
possible aspiration. With that in mind, it only makes sense that a surgical option
that would create a physical barrier to refluxate and the potential for aspiration
would be preferred. In support of this notion, Fisichella demonstrated that pep-
sin levels in the BAL specimens of transplant patients with GERD were higher
than in those with GERD who underwent an anti-reflux procedure. While there
was no difference in the time to BOS between patients who underwent a fundo-
plication and those who did not, it was notable that detectable pepsin levels
were associated with more severe rejection episodes and a quicker progression
to BOS [34, 35].

The group at Duke University was among the first to define the benefit and safety
of early fundoplication and have continued to demonstrate its merits [34, 35, 44,
45]. In a review of 457 transplant patients, of which 14 had reflux and underwent
early fundoplication, the authors found a significant improvement in freedom from
BOS and actuarial survival. Impressively, many of these patients underwent a fun-
doplication just over a month from their transplant with no 30-day mortality. In an
even larger study of 297 recipients, patients with GERD who underwent a fundopli-
cation (n = 165) had significantly higher FEV, as compared to those with GERD
who did not (n = 65). In addition, those with GERD who did not undergo a fundo-
plication had a significant reduction in their mean percent predicted peak FEV, as
compared to those undergoing surgical correction [6].
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Conclusions

Whether they demonstrate classic symptoms or not, objectively measured reflux
clearly predominates in patients with various forms of severe pulmonary disease.
Although there is considerable circumstantial evidence linking GERD to pulmo-
nary disease, adirect causal relationship has still not been delineated. Considerable
work linking the two diseases remains to be done. Likewise, the most efficacious
treatment modality for GERD in these patients remains to be determined.
However, it appears from the experience of the lung transplant community that a
physical barrier to GERD is optimal, as compared to medical antacid therapy
[46]. What role newer reflux treatment options play in this area, such as STRETTA
or LINX remains to be seen, but these newer technologies will almost certainly
play an important part of managing these patients in the near future.
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Abstract

Critical illness often involves multisystem organ dysfunction and/or failure.
Therapeutic interventions aimed at one source of illness may have undesired
consequences elsewhere. Gastroesophageal reflux is common in critically ill
patients, and is promoted or further exacerbated by the initiation of mechanical
ventilation necessitated by respiratory failure. Prophylaxis against stress ulcers
of the gastrointestinal mucosa may promote bacterial overgrowth and perhaps
ventilator-associated pneumonia (VAP) by eliminating protective gastric acid-
ity. Identification of which subgroups of critically ill patients should receive
stress-ulcer prophylaxis, and which pharmacological agents should be used for
this purpose, are areas of ongoing investigation. Provision of enteral nutrition
is an essential therapeutic intervention for critically ill patients; however, risk
of aspiration of oropharyngeal and gastric contents is increased by the admin-
istration of feeds to the gastrointestinal tract. Delivery of enteral feeds beyond
the gastric pylorus directly into the small intestine has been supported as a
strategy to decrease the incidence of aspiration and to optimize the amount of
nutrition delivered to the patient, however supportive data are not robust and
debate continues. The severe consequences of VAP have stimulated the devel-
opment of multi-component patient care “bundles” (including head-of-bed
elevation and oral care with chlorhexidine) that have shown some success in
decreasing occurrence of VAP and other unwanted iatrogenic consequences in
the intensive care unit (ICU), but outcomes to date have been mixed, and indi-
vidual components of the bundle have shown discordant effects on patient-
centered outcomes.
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Introduction

Critical illness often results in multiorgan dysfunction and/or failure, regardless of
the nature and origin of the initial trigger. Playing a prominent role in the critically-
ill patient are disorders of gastrointestinal function, including hypoperfusion of the
gastrointestinal mucosa resulting in gut ischemia; gastroesophageal reflux (GER);
dysmotility; loss of normal gastrointestinal flora; and, aspiration potentially result-
ing in pneumonia. Further contributing to and exacerbating these issues are the
effects of mechanical ventilation that is often required in this patient population.

Reflux in Critically-lll Patients

Gastroesophageal reflux (GER) is a common phenomenon among patients in the
intensive care unit (ICU), with potential complications including erosive esophagi-
tis and/or gastritis and risk of gastrointestinal (GI) bleeding. In nonventilated
patients, transient lower esophageal sphincter (LES) relaxations are the most com-
mon mechanism underlying reflux [1]. Mechanical ventilation introduces extrinsic
positive pressure to the thorax with subsequent effects on cardiopulmonary as well
as GI function. Thus, GER in the mechanically ventilated patient is common and
may be predominantly due to very low or absent LES pressure, with elevated intra-
thoracic pressure further exacerbated by cough and/or strain [1, 2] (patient-ventilator
asynchrony or dyssynchrony) [3, 4].

Gastrointestinal motility disorders including GER are common in critically ill
patients [5, 6] and are predictors of increased mortality and ICU length of stay [5].
Factors promoting GI motility disorders in this patient population include sepsis,
mechanical ventilation, and commonly-used pharmacologic agents such as vaso-
pressors, opioids and anticholinergic agents [5]. Relevant implications of GI motil-
ity disorders, besides promotion of GER, include malnutrition due to intolerance
and malabsorption of enteral feeds, bacterial overgrowth, and aspiration [6], dis-
cussed further below. Furthermore, recent studies have demonstrated that the pres-
ence of GER in ICU patients is an important risk factor for recurrent acute lung
injury [7], and that the presence of GER significantly and independently increased
the risk of admission to an ICU and need for mechanical ventilation among patients
with chronic obstructive pulmonary disease (COPD) [8].

Stress Ulcer Prophylaxis

With GER being common in critically ill patients, and its complications potentially
severe, proactive suppression of gastric acid gained widespread use in ICUs world-
wide. However, this intervention carries possible negative consequences, as gastric
acidity provides an environment preventing bacterial colonization and overgrowth.
Thus, elimination of gastric acid may promote the occurrence of pneumonia as a
result of aspiration, especially in mechanically-ventilated patients (see section on
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ventilator-associated pneumonia below). Thus, current recommendations limit the
use of routine stress-ulcer prophylaxis to patients considered to be at high risk for
clinically important bleeding, including: those on mechanical ventilation for greater
than 48 h, and patients with coagulopathy [9, 10].

The decision to initiate stress ulcer prophylaxis raises the question of which type
of pharmacological agent to employ. Although proton pump inhibitors (PPIs) are
frequently used for this purpose, concerns have arisen that the potent acid suppres-
sion of PPIs may promote aspiration pneumonia [11-13], however other studies
have failed to arrive at this conclusion and thus the area remains controversial.
Recent data also suggest that PPI use may be associated with increased likelihood
of developing enterocolitis due to Clostridium difficile [11, 14, 15].

Other agents used for stress ulcer prophylaxis in the ICU include histamine-2
receptor antagonists (H2RAs) and sucralfate. Two recent analyses evaluating the
comparative efficacies of PPIs and H2RAs for stress ulcer prophylaxis in criti-
cally ill patients reached differing conclusions. One group of authors, limiting
their review to trials at low risk for bias, concluded that the evidence does not
clearly support lower bleeding rates with PPIs over H2RAs [9], whereas another
analysis evaluating 19 trials enrolling 2117 patients concluded that PPIs were
superior to H2RAs in preventing clinically important and overt GI bleeding,
without significantly increasing the risk of pneumonia or mortality [16]. Few
studies have directly compared sucralfate with other agents for stress ulcer pro-
phylaxis. One randomized controlled trial found no difference in the occurrence
of clinically important bleeding between groups treated with sucralfate, omepra-
zole, famotidine and placebo [17]. One recent study observed no benefit or harm
with the prophylactic administration of the PPI pantoprazole, relative to placebo,
in mechanically ventilated critically ill patients anticipated to receive enteral
nutrition [18].

Aspiration in Critically-1ll Patients

As noted above, mechanisms promoting reflux and thus risk of aspiration in the ICU
include transient lower esophageal sphincter (LES) relaxations in nonventilated
patients, and very low or absent LES pressure in mechanically ventilated patients
[1, 2]. Aspiration of oropharyngeal or gastric contents into the lower respiratory
tract is a common occurrence in critically ill patients and can result in pneumonia or
pneumonitis, with progression to acute lung injury [19].

Provision of enteral nutrition is a vital component of the care of the critically ill
patient. Unfortunately, delivery of feeds to the gastrointestinal tract increases the
risk of aspiration. Specific factors increasing the risk of aspiration in critically ill
patients include: inability to protect the airway and/or reduced level of conscious-
ness (in nonventilated patients), presence of a nasoenteric enteral access device,
mechanical ventilation, age >70 years, poor oral care, inadequate nurse/patient
ratio, supine positioning, neurological deficits, GER, transport out of ICU, and pro-
vision of enteral nutrition in the form of intermittent bolus feeds [20].
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Enteral Feeding: Gastric Versus Post-Pyloric

The question of whether delivery of enteral nutrition beyond the gastric pylorus
(into the duodenum or jejunum) reduces the incidence of aspiration and pneumonia,
and whether it increases the amount of nutrition delivered to critically ill patients
relative to gastric feeding, has been an area of controversy for decades. A recently
published Cochrane Database Systematic Review evaluated 14 trials including 1109
patients in a meta-analysis [21]. The reviewers found moderate-quality evidence of
a 30% lower rate of pneumonia associated with post-pyloric feeding, and low-
quality evidence suggesting an increase in the amount of nutrition delivered. The
2016 guidelines for provision and assessment of nutrition support therapy in adult
critically ill patients, published jointly by the Society of Critical Care Medicine
(SCCM) and the American Society for Parenteral and Enteral Nutrition (A.S.P.E.N.)
recommend diverting the level of feeding by post-pyloric enteral access device
placement in patients deemed to be at high risk for aspiration, citing moderate-to-
high quality of evidence [20].

Aspiration and Ventilator-Associated Pneumonia

Perhaps the most serious consequence of aspiration of oropharyngeal and/or gastric
contents in a critically ill patient is the development of ventilator-associated pneu-
monia (VAP). In the ICU, VAP is associated with prolonged ventilator dependence,
increased ICU length of stay, cost, and mortality [22]. Thus, strategies to prevent the
occurrence of VAP comprise a vital component of the management of mechanically-
ventilated, critically ill patients [23, 24].

Concern that suppression or elimination of gastric acid may promote the occur-
rence of VAP has stimulated significant effort to establish guidelines for the use of
stress ulcer prophylaxis in the ICU, and to determine whether the agent chosen
affects the incidence of VAP. As discussed above, the question of whether PPIs are
more likely to induce VAP compared with H2RAs remains unsettled [9]. Two recent
studies suggest that the use of sucralfate for stress ulcer prophylaxis results in fewer
cases of VAP compared with PPIs and H2RAs [25, 26].

One strategy aimed at reducing VAP occurrence is subglottic secretion drainage
in mechanically ventilated patients. A recent analysis of 17 randomized controlled
trials, with a total of 3369 adult patients, comparing subglottic secretion drainage
versus no subglottic secretion drainage, concluded that subglottic secretion drain-
age is associated with lower VAP rates but does not clearly decrease duration of
mechanical ventilation, ICU length of stay, ventilator-associated events, mortality
or antibiotic usage [27]. Thus further work is needed in this area.

Because aspiration of oropharyngeal contents can lead to VAP, oral hygiene care
in critically ill patients as a strategy to reduce occurrence of VAP has received con-
siderable attention. A recent Cochrane Database Systematic Review [28] evaluated
38 randomized, controlled trials including 6016 patients. Four main comparisons
comprised the analysis: chlorhexidine mouthrinse or gel versus placebo/usual care;
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tooth brushing versus no tooth brushing; powered versus manual tooth brushing;
and, comparisons of oral care solutions. The authors concluded that oral hygiene
care including chlorhexidine mouthwash or gel reduced the risk of developing VAP
from 25% to 19%, with the number needed to treat for an additional beneficial out-
come (NNTB) of 17. No evidence of a difference in the outcomes of mortality,
duration of mechanical ventilation or duration of ICU stay was discerned. It should
be noted that two recent meta-analyses of randomized clinical trials [29, 30] as well
as a recent large, single-center, retrospective analysis [31] reported a paradoxical
observation of lower VAP rates yet potentially higher mortality rates, in patients
receiving oral care with chlorhexidine. The reason for such a possible increase in
mortality remains to be elucidated.

Given the importance of preventing VAP, standard ICU care now entails the
implementation of a patient care “ventilator bundle” containing most or all of the
following components: head-of-bed elevation; sedative infusion interruption; spon-
taneous breathing trials; oral care with chlorhexidine; thromboprophylaxis; and
stress ulcer prophylaxis [31-34]. Some studies have documented a positive effect of
the VAP-prevention bundle [33, 34] whereas others have demonstrated the individ-
ual components of the bundle to vary in their associations with patient-centered
outcomes [31, 35].
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Incidence and Risk of Aspiration 2 0
in Mechanically Ventilated Patients

Miles J. Klimara, Rahul Nanchal, and Nikki Johnston

Abstract

Mechanical ventilation is essential for many patients with critical illness and
respiratory failure, but places patients at risk of life-threatening complications
termed ventilator-associated events (VAEs). VAEs occur in approximately 25% of
mechanically ventilated patients. These increase duration of mechanical ventila-
tion, intensive care unit (ICU) and hospital length of stay, healthcare costs, and
risk of disability and death. Many VAEs are aspiration-associated events such as
pneumonia and Acute Lung Injury (ALI); aspiration pneumonia in particular is
the second most common diagnosis among hospitalized adult patients. However,
the lack of standardized diagnostic methods to confirm suspicion of aspiration
poses a barrier to diagnosis of aspiration-related events in mechanically ventilated
patients. Therefore, development of biomarkers to detect the early occurrence of
aspiration in mechanically ventilated patients is a national priority in the United
States. These biomarkers would enable development of novel therapies and allow
clinicians to institute such therapies early to attenuate the incidence of adverse
events. Ongoing research aims to assess the sensitivity and specificity of specific
biomarkers to detect occurrence of early aspiration events in adult and pediatric
patients receiving mechanical ventilation. To this end, our research group is
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actively measuring pepsin and salivary amylase in tracheal aspirates from
mechanically ventilated individuals as markers of gastric and oropharyngeal aspi-
ration respectively. We hypothesize that aspiration events, identified by these
markers, will correlate with incidence/time to VAEs and ICU outcomes including
mortality, ventilator days, ICU days and hospital days. Accurate estimation of the
incidence of aspiration and its impact on outcomes in mechanically ventilated
patients will enable future trials of interventions to decrease morbidity/mortality
from aspiration-associated pulmonary complications.

Introduction

Acute respiratory failure is a complex syndrome that occurs from a variety of etiolo-
gies including pulmonary disease, neuromuscular disease and sepsis [1]. Invasive
mechanical ventilation (ventilation provided via an artificial airway) is an essential
life-saving intervention for patients with acute respiratory failure and in most cir-
cumstances this therapy is provided in an intensive care unit (ICU) environment.
Although mechanical ventilation is the most frequent modality of organ support
therapy, more than half of all complications that occur during ICU admission are
related to ventilator support, particularly if its use is prolonged [2]. Acute respira-
tory failure requiring mechanical ventilation continues to contribute to mortality
and adversely affects long-term functional outcomes in patients admitted to the
ICU. Ventilator associated events (VAEs) and in particular ventilator associated
pneumonia (VAP) is amongst the most dreaded complications associated with
mechanical ventilation. Development of VAP heralds a complicated clinical course
independently associated with excess mortality and morbidity [3—6]. In addition to
these associated risks, mechanical ventilation is also labor intensive and very costly.
Many quality improvement initiatives in the United States that endeavor to reduce
ventilator associated events (VAEs), improve outcomes and lower costs are centered
on persons receiving invasive mechanical ventilation [7-9]. Moreover, because
studies in adults far out-number those conducted in the pediatric population, pediat-
ric intensivists frequently extrapolate relevant adult data for their patient population
[10]. Therefore, accurate information about the incidence, characteristics and out-
comes of complications associated with invasive mechanical ventilation in both
adult and pediatric populations is important from a clinical and health policy
perspective.

Aspiration has been proposed by many as a key factor in the development and
worsening of numerous VAEs (Fig. 20.1) [11, 12]. Overt or macro-aspiration is
clearly linked to the development of aspiration pneumonitis and acute lung injury
(ALI), however micro-aspiration of sterile oro-gastric contents and/or pathogenic
micro-organisms that colonize the upper aero-digestive tract during critical illness
likely contributes to the risk of VAEs. Within hours after establishment of an artifi-
cial airway, pathogenic micro-organisms colonize the upper aero-digestive tract.
Subsequently oro-pharyngeal secretions colonized with these organisms
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Fig. 20.1 Framework of aspiration in patients with endotracheal tubes receiving mechanical
ventilation

accumulate above the cuff of the artificial airway. Thereafter micro-aspiration of
these subglottic secretions occurs through underinflated cuffs or through longitudi-
nal folds in high-volume low pressure cuffs. Micro-aspiration of these organisms or
even sterile oro-gastric secretions likely provokes inflammation and development of
VAEs. Little consensus exists on the frequency of aspiration in patients receiving
mechanical ventilation, because the accuracy of diagnosis has been problematic.
However, a well-controlled study by Torres et al. [13] reported that aspiration
occurred in 32% of semirecumbent patients receiving mechanical ventilation, but in
68% of patients who were supine [13]. Diagnosis of micro-aspiration using tracheo-
bronchial colonization is often confounded by the use of antimicrobial agents,
newer biomarkers such as gastric pepsin and salivary amylase show promise in
refining the diagnosis but have yet to be rigorously validated in multi-center trials.
Pulmonary aspiration can cause Acute Lung Injury (ALI), transient hypoxemia, and
pneumonia. Such complications in turn increase the duration of mechanical
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ventilation, length of hospital stay, and use of medical resources [3, 14, 15]. For
example, in studies of critically ill patients receiving mechanical ventilation, rela-
tive to patients without pneumonia, those with ventilator associated pneumonia
(VAP) required on average 16 additional days in the hospital, resulting in per patient
costs that were $30,000-40,000 greater [3, 14-16].

Aspiration of both gastric contents (gastric aspiration) and of oropharyngeal
secretions (salivary aspiration) has been described. The relative contribution of
either type of aspiration on the development of VAEs is unknown, because recog-
nizing and distinguishing between these different types of aspiration remains chal-
lenging. Clinicians need to detect aspiration early so that interventions targeted
towards gastric aspiration, oropharyngeal aspiration, or both can be implemented to
prevent further aspiration events, complications and poor outcomes.

Salivary amylase, which is not normally found in the lungs, has recently been
proposed as a biomarker for oropharyngeal aspiration. Weiss et al. reported that
bronchoalveolar lavage amylase is not only associated with risk factors for aspira-
tion, but may also be useful as an early screening tool to guide management of
patients suspected of aspiration [17].

A prior attempt to detect gastric aspiration by measuring glucose in tracheal
secretions as a marker of aspiration proved inadequate [18]. Flexible bronchoscopy
is typically used to assess the airway in children with severe pulmonary conditions,
and frequently a bronchoalveolar lavage (BAL) is performed to evaluate for possi-
ble aspiration. Measurement of lipid laden alveolar macrophages (LLM) from BAL
is currently the most widely used test to identify aspiration in children. However,
this test lacks both sensitivity and specificity. The premise of the test is that refluxate
will be phagocytosed by alveolar macrophages, and that staining for these in the
BAL should verify gastric aspiration [19]. Unfortunately, since LLMs are not neces-
sarily exogenous, they may simply reflect measurements of phospholipid degrada-
tion from pulmonary inflammation and damage. While Ahrens et al. demonstrated
higher levels of LLM in BAL samples in patients with lung disease and gastro-
esophageal reflux (GER) [20], other studies also found LLM in patients without
GER and in control participants, suggesting that LLM is not a suitable marker [20,
21]. Moreover, the diagnostic utility of LLM is severely limited because studies
used different methods for obtaining measurements (including the LLM index or
measurements of the amount of lipid per cell) producing variable and inconclusive
results [22-24]. Our findings, similarly, suggest that analysis of LLM has substan-
tial potential for false positive tests (Table 20.1) [25]. In our study, not all controls
were negative for this test. Additionally, our data suggest that analysis of LLM

Table 20.1 Pepsin and lipid-laden macrophage (LLM) results from bronchoalveolar lavage fluid
specimens from control subjects and patients undergoing bronchoscopy and tracheostomy [25]

Total Control Bronchoscopy Tracheostomy
(n=76) (n=11) group (n = 34) group (n=31)
Pepsin positive 47 (62%) 0 (0%) 25 (74%) 22 (71%)

samples
LLM positive samples | 54 (71%) 7 (64%) 31 (91%) 16 (52%)
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Fig. 20.2 Predictive power of pepsin vs lipid-laden macrophages (LLMs) [25]. Receiver operat-
ing characteristic (ROC) analysis was performed to evaluate the ability of pepsin and LLMs (as
quantified as percentage of LLMs among all macrophages) to predict the at-risk group compared
with the control group

misses true positive patients with gastric aspiration. As such, the positive predictive
value of the LLM test appears to be quite poor (Fig. 20.2).

Our preliminary observations also suggest that the performance of pepsin to reli-
ably detect aspiration may be far superior to LLM. Unlike LLM, pepsin is purely
exogenous in origin. Prior studies have also supported the use of pepsin as a mea-
surement of aspiration [18, 19, 26]. Pepsin, an exogenous protein secreted only in the
stomach, was introduced as a biomarker of gastric aspiration in animal studies [27].
More recently pepsin was implicated in acute exacerbations of idiopathic pulmonary
fibrosis [28]. It was also detected in patients requiring mechanical ventilation who
were at risk for aspiration [18]. Anticipating pepsin as a suitable biomarker of gastric
aspiration, Stovold et al. reported elevated levels of pepsin in BAL of lung allografts,
the highest levels found in patients with acute rejection [29]. Fisichella et al., 2011,
who also used pepsin in the BAL as a biomarker for aspiration, concluded that lapa-
roscopic anti-reflux surgery was an effective means to prevent aspiration [30]. We
investigated the prevalence of gastric aspiration in a cohort of pediatric patients with
chronic respiratory symptoms and in patients with tracheostomies by assessing the
presence of pepsin in BAL specimens (Table 20.1) [25]. Pepsin-positive BAL speci-
mens were identified in 25 patients who underwent bronchoscopy (74%) and 22
patients with tracheostomy (71%). All specimens from controls (n = 11) were nega-
tive for pepsin. Additionally, in order to confirm the utility of pepsin as a biomarker,
we compared the results of pepsin detection in the BAL specimens with LLM analy-
sis of the same tracheal aspirate [25]. Lipid-laden macrophages were found in the
BAL fluid samples from 7 (64%) patients in the control group, 31 (91%) patients in
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the bronchoscopy group, and 16 (52%) patients in the tracheostomy group. We are
currently further investigating the use of pepsin as a biomarker for aspiration and
VAEs. To this end we have obtained tracheal lavage samples and clinical data includ-
ing demographic data, incidence of VAEs, and time to VAEs from mechanically ven-
tilated patients. Correlation of presence and levels with incidence of and time to
VAEs will reveal the utility of pepsin as a predictive tool.

Tracheal cuff shape is posited to play a protective role in preventing aspiration
and other complications in ventilated patients, as a conical (tapered) cuff might
improve the seal between the external surface of the cuff and the internal surface of
the trachea. This theory has been supported by in vitro models of endotracheal cuffs
which showed decreased air or fluid leakage with use of a conical cuff. However, a
recent clinical study found no significant difference in tracheobronchial coloniza-
tion in patients ventilated with conical as opposed to standard cylindrical cuffs [31].
Recognizing that tracheobronchial colonization is a poor marker for microaspira-
tion, Jaillette et al. performed a multicenter randomized control study evaluating the
impact of tracheal cuff shape on the development of gastric and oropharyngeal aspi-
ration, ventilator associated pneumonia, and other VAEs [32]. In their study, both
abundant microaspiration of gastric contents as measured by gastric pepsin and
abundant microaspiration of oropharyngeal secretions measured by salivary amy-
lase were similar between the tapered and standard cuff cohorts. They concluded
that tapered tracheal cuffs should not be used in the ICU to prevent microaspiration
or VAP [32].

Proton pump inhibitor (PPI) therapy is routinely administered as prophylaxis for
stress-related mucosal damage (SRMD) in critically ill patients and hence prevent
gastric bleeding, but there have been few clinical trials to examine their efficacy for
preventing SRMD compared to less costly alternatives such as H, receptor antago-
nists [30]. Given their superior acid-suppressive effects and the risk of tachyphy-
laxis with H2RAs, PPIs might be expected to more substantially reduce the risk of
SRMD and decrease further complications such as blood transfusion that increase
ICU costs and length of stay. However, there is currently insufficient pharmacoeco-
nomic data to support this proposed benefit [33]. In light of the large cost differen-
tial between H2RAs and PPIs, future research should attempt to determine the
cost-effectiveness of these acid suppression therapies for SRMD prevention in criti-
cal care settings.

While PPI therapy is a mainstay in the treatment of gastro-esophageal reflux
disease (GERD), its efficacy for the treatment of airway reflux remains doubtful
[34]. Multiple placebo-controlled trials have failed to demonstrate any therapeutic
benefit of PPIs in long term treatment of airway reflux—laryngopharyngeal reflux
(LPR) [35-40]. Approximately $26 billion per year is currently being spent on PPIs
for the treatment of laryngopharyngeal reflux (LPR), despite their poor efficacy for
this patient population [41]. It has been suggested that PPI therapy may even be
detrimental due to inhibition of gastric acid’s anti-microbial activity and continued
reflux of non-acidic gastric contents. Pauwels et al. examined the effects of gastric
juices obtained from cystic fibrosis patients on cytokine expression in bronchial
epithelial cells, and found that gastric juice from patients taking PPIs induced a
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much greater IL-8 response than juice from patients who were not taking PPIs [42].
In light of IL-8’s potent chemoattractant properties it is possible that this paradoxi-
cally increased inflammation in patients on PPIs might play a role in furthering
pathogenesis of lung disease, particularly in vulnerable patients. Given pepsin’s role
in nonacidic airway reflux associated symptoms and mucosal injury, it has been
proposed as a novel therapeutic target. The promise of irreversible inhibitors of
peptic activity and/or receptor antagonists as potential new therapeutics for airway
reflux has been discussed [43—47]. It has been proposed that extra-esophageal reflux
(EER) is much more dependent on pepsin-mediated damage in the laryngeal and
airway mucosa than acid-mediated damage. In this regard, our research group is
currently leading an international drug discovery program to develop a drug that
specifically targets pepsin. This might be used either alone or as an adjunct to PPIs
to provide more effective treatment for non-acidic airway reflux. Such an advance
would be particularly helpful in highly vulnerable patient populations such as
patients with cystic fibrosis and patients receiving PPIs to prevent stress-related
mucosal bleeding.

In summary, aspiration is a significant contributor to VAEs. The risks and costs
associated with these complications are considerable [3, 14, 15]. Pepsin and sali-
vary amylase are sensitive and specific biomarkers for the detection of gastric reflux
and aspiration, and oropharyngeal aspiration, respectively. Both measurements are
practical in the clinical setting. Testing for pepsin and salivary amylase should
improve recognition of gastric and oropharyngeal aspiration in this high-risk patient
population, subsequently leading to earlier institution of preventive management.
Moreover, airway reflux-related symptoms and injury are known to occur despite
acid suppression therapy and are associated with non-acid reflux events. Unlike
GER, proximal reflux into the airway is predominantly non-acidic, and our studies
have demonstrated pepsin-mediated damage in such an environment [44-46, 48]. In
addition to using pepsin as a biomarker for reflux and aspiration, a therapy which
specifically targets pepsin may be more effective against non-acid reflux/aspiration
in patients receiving mechanical ventilation.
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