
ChroniC Cough





ChroniC Cough 

Thomas L. Carroll, MD



5521 Ruffin Road
San Diego, CA 92123

Email: information@pluralpublishing.com
Website: http://www.pluralpublishing.com

Copyright © 2019 by Plural Publishing, Inc. 

Typeset in 11/13 Palatino by Flanagan’s Publishing Services, Inc. 
Printed in the United States of America by Integrated Books International

All rights, including that of translation, reserved. No part of this publication may be reproduced, 
stored in a retrieval system, or transmitted in any form or by any means, electronic, mechanical, 
recording, or otherwise, including photocopying, recording, taping, web distribution, or infor-
mation storage and retrieval systems without the prior written consent of the publisher.

For permission to use material from this text, contact us by
Telephone: (866) 758-7251
Fax: (888) 758-7255
Email: permissions@pluralpublishing.com

Every attempt has been made to contact the copyright holders for material originally printed in another 
source. If any have been inadvertently overlooked, the publishers will gladly make the necessary arrange-
ments at the first opportunity.

NOTICE TO THE READER
Care has been taken to confirm the accuracy of the indications, procedures, drug dosages, and diagnosis 
and remediation protocols presented in this book and to ensure that they conform to the practices of 
the general medical and health services communities. However, the authors, editors, and publisher are 
not responsible for errors or omissions or for any consequences from application of the information in 
this book and make no warranty, expressed or implied, with respect to the currency, completeness, or 
accuracy of the contents of the publication. The diagnostic and remediation protocols and the medica-
tions described do not necessarily have specific approval by the Food and Drug administration for use 
in the disorders and/or diseases and dosages for which they are recommended. Application of this 
information in a particular situation remains the professional responsibility of the practitioner. Because 
standards of practice and usage change, it is the responsibility of the practitioner to keep abreast of 
revised recommendations, dosages, and procedures.

Library of Congress Cataloging-in-Publication Data

Names: Carroll, Thomas L. (Thomas Leigh), editor.
Title: Chronic cough / [edited by] Thomas L. Carroll.
Other titles: Chronic cough (Carroll)
Description: San Diego, CA : LOGO Plural Publishing, [2019] | Includes 
   bibliographical references and index.
Identifiers: LCCN 2018055141| ISBN 9781635500707 (alk. paper) | ISBN 
   1635500702 (alk. paper)
Subjects: | MESH: Cough | Chronic Disease
Classification: LCC RC741.5 | NLM WF 143 | DDC 616.2 — dc23
LC record available at https://lccn.loc.gov/2018055141



v

Contents

Preface vii
Contributors ix

 1 Overview of Chronic Cough and Its Impact on Health Care 1 
Seth H. Dailey and Johnny P. Mai

 2 Cough-Variant Asthma and Related Diseases 21 
Nicole L. Grossman and Christopher H. Fanta

 3 Sinonasal Disease and Allergy as an Etiology of  39 
Chronic Cough 
Alice Z. Maxfield and Benjamin S. Bleier

 4 Reflux Disease 65 
Matthew P. Partain and Jonathan M. Bock

 5 Basic Science Considerations for Laryngopharyngeal  81 
Reflux (LPR) 
Miles Klimara and Nikki Johnston

 6 Neurogenic Cough 97 
John Paul Giliberto and Albert Merati

 7 Dysphagia in Chronic Cough 117 
Mark A. Fritz, Debra M. Suiter, and Gregory N. Postma

 8 Cough Management: The Speech-Language Pathologist’s  143 
Role in the Treatment of Chronic Cough 
Hadas Golan and Chandler C. Thompson

 9 A Treatment Paradigm for Refractory Chronic Cough:  173 
Putting It All Together in a Quaternary Cough Referral Practice 
Thomas L. Carroll

 10 Chronic Cough: Future Directions 187 
Adrianna C. Shembel, Paul E. Kwak, and Milan R. Amin

Index 201





vii

PrefaCe

The diagnosis and treatment of chronic cough is a moving target but one, 
thankfully, that is moving in the right direction. Empiric treatments are 
giving way to objective testing. Research drives new therapeutics and testing 
modalities. Patients are more frequently being treated successfully after 
decades of coughing through diagnostic advances and multidisciplinary  
collaboration. Chronic cough is being recognized more as a symptom of an 
underlying issue rather than as a primary diagnosis with an unclear etiology.

This book was proposed and is now realized as a clinical resource for 
practitioners who see and treat patients with chronic cough. It is intended 
as a reference for any clinician in practice or training who wants to feel more 
confident in their understanding, workup, and treatment of this symptom. 
It will especially appeal to those residents, advanced practice providers, 
and physicians in the fields of family practice, internal medicine, otolar-
yngology, pulmonology, gastroenterology, and speech-language pathology. 
Multiple experts from backgrounds in otolaryngology, including laryn-
gology and rhinology, pulmonology, molecular and cellular pathology, and 
speech-language pathology contributed to this book.

This book’s 10 chapters are designed to cover the basics of what we 
know, what we don’t know, and what we are discovering about chronic 
cough. In addition, the chapters offer a platform for each chapter’s authors 
to “think outside the box” and speak directly to the reader on their 
given subject matter and cover controversial or less-conventional ideas 
surrounding chronic cough. The book begins with an overview of chronic 
cough that sets the stage for the remaining chapters. After covering the 
highest-yield topics on the subject, the penultimate chapter puts together 
the previous topics as a treatment paradigm that intends to help approach 
a patient with refractory chronic cough in a quaternary referral setting and 
make headway to symptom relief.

There is no one algorithm to treating chronic cough, but there are ways 
to organize one’s approach and this should be the goal. The final chapter 
of this book is an expanded version of “thinking outside of the box.” It will 
introduce the reader to causes of chronic cough that are not commonly 
considered by clinicians outside of laryngology and speech-language 
pathology but are emerging as real possibilities for therapy.

The pendulum is swinging away from 30 years of empiric acid 
suppression medical therapy to more objective reflux and motility testing 
for pepsin-mediated laryngopharyngeal reflux disease. Considerations of 
novel therapeutics and diagnostic modalities for asthma are evolving and 
prompting consideration of other pulmonary diagnoses for chronic cough 
patients. Revelations in the etiology and effects of sinonasal disease and 
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allergy as a contributor to chronic cough are continuing to impress upon 
us a need for more information. The role of speech-language pathologists 
in the behavioral management of chronic cough is growing and proving 
critical. Dysphagia and dysmotility are often underappreciated causes of 
chronic cough and are more recently being brought into focus. Primary 
vocal fold pathologies and neurolaryngeal disorders are waiting to be 
understood in more complexity to help chronic cough patients that have 
an indeterminate etiology for their cough.

— Thomas L. Carroll, MD
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1
overview of ChroniC 
Cough and its imPaCt 

on health Care

Seth H. Dailey and Johnny P. Mai

introduCtion to ChroniC Cough

Coughing is the act of rapidly expelling air from the lungs accompanied by 
a sharp audible sound.1 Cough is an essential protective function, serving 
to clear the airway of debris and allowing for continued gas exchange in the 
lungs. In this protective role, cough prevents life-threatening complications. 
In an extreme example, pneumonia is known to be the leading cause of 
mortality in patients with spinal cord injuries where motor nerve paralysis 
leads to absent cough.2 Cough can be a volitional action, but more often is 
an involuntary response to a chemical or environmental stimulus. Despite 
cough’s critical role in airway clearance, persistent cough in the absence of 
an appropriate stimulus can become pathologic.

Cough is classified as acute, subacute, and chronic based on the 
duration of cough. An acute cough is one lasting less than 4 weeks and is 
often secondary to a viral etiology. A cough persisting for 8 weeks or more 
is defined as chronic, with the interval in between deemed subacute. Albeit 
arbitrary, this duration is agreed upon by both American and European 
task forces.3,4

The goal of this chapter is to introduce the reader to common causes 
of chronic cough. Treatment of chronic cough will be discussed only as 
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it pertains to diagnosis. In-depth discussion on treatment of cough is 
discussed in chapters to follow.

In addition to framing the discussion for subsequent chapters on the 
various causes and diagnosis of cough, this chapter presents the economic 
impact of chronic cough. Above all else, this chapter intends to relate this 
organic pathology back to the patients treated for the condition. By empha-
sizing the human toll of chronic cough, the purpose of this text is to educate 
the wide array of practitioners who treat chronic cough for the benefit of 
their patients.

Physiology of Cough

Pathophysiology of Cough

A reflex is defined as an involuntary or nearly instantaneous movement 
in response to a stimulus.5 As defined, cough is indeed a reflex serving 
to clear the tracheal bronchial tree for gas exchange. Cough, unlike other 
human reflexes such as pupillary light or palmar grasp reflex, is critical for 
the preservation of life.

The physiologic basis of cough is broken into four distinct phases 
defined by distinct actions within the phase. Inspiration to fill the lungs is 
the first action of cough. In the second phase, subglottic pressure increases 
as there is compression of air against a closed glottis. The third action is 
marked by the explosive opening of the glottis, leading to rapid increase in 
airflow. During this phase, the rapid airflow moving through the airway 
causes a distinctive acoustic emission, which is the hallmark “cough.” 
The sound of a cough is universally recognized and is used to differen-
tiate between other similar expiratory respiratory efforts such as sneezing 
and throat clearing.6 The final phase is the restorative phase, in which a 
final resting breath is taken. The act of coughing is an extraordinary physi-
ologic event capable of producing intrathoracic pressured measured up 
to 300 mm Hg and airspeed up to 500 miles per hour.7,8 This particularly 
violent response can result in urinary and fecal incontinence, pneumo-
thorax, syncope, and even broken ribs.

neurophysiology of Cough

To understand how cough becomes pathologic, it is useful to understand 
the neurophysiology of cough in its normative state.

In its essence, cough can be broken down into three constituents: 
input, processing, and output. The cough reflex involves stimulation of  
the afferent limb of the cough reflex, then transmission of the stimulation 
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to the cortical cough center and, finally, the efferent pathway, which causes 
the muscles of expiration to contract, producing cough.

As a caveat, much of what is known about the neuropathophysiology 
of cough has been inferred through studying animal models, primarily the 
guinea pig, rather than in vivo human studies. Therefore, despite exten-
sive studies, there is still considerable debate concerning the exact neural 
sensory mechanism of cough.

Airway sensory nerves originate within either the nodose or jugular 
vagal ganglia,9,10 as evident by the fact that a vagotomy or local anesthesia 
applied to the vagus nerve will abolish the cough reflex.11,12 The nerve 
terminals can have endings either in the pulmonary airway and paren-
chyma or in the extrapulmonary airway, including the carina, trachea, and 
large bronchi. There is currently no classification schema that neatly char-
acterizes airway afferent nerves given the degree of heterogeneity within 
the group. This being said, there is consensus that within primary afferent 
cough fibers, there are nociceptors stimulated by chemical irritants and 
others stimulated through mechanical means, forming a division where 
afferents are divided by their physiologic responsiveness to stimuli.

Stretch receptors are well-described intrapulmonary afferents stimu-
lated by mechanical means. When activated by changes in lung volume, 
airway edema, or smooth muscle constriction, stretch receptor afferents 
within the lower tracheobronchial tree and parenchyma conduct action 
potentials at 10 to 20 m/s to cell bodies located in the inferior nodose 
ganglion. Stretch receptors are further divided into rapid adapting receptors 
and slowly adapting receptors. The former are more active in the dynamic 
phase of the respiratory cycle and the latter are more active throughout the 
respiratory cycle. Stretch receptors help regulate the respiratory cycle, but 
their role in cough remains uncertain.13

A third type of receptor sensitive to mechanical stimulation was first 
described by Widdicombe in 1954.14 Unlike stretch receptors, these fibers 
are found exclusively in the extrapulmonary airway and adapt to punctate 
mechanical stimuli rather than stretch stimuli. These receptors precipitate 
an action potential in myelinated vagal afferents at a much slower velocity 
of 5 m/s, arguing to the uniqueness of these receptors from stretch recep-
tors. Since the first description, the receptors have been eponymously 
referred to as Widdicombe receptors, then irritant receptors, but are now 
commonly referred to simply as cough receptors.

Chemical receptors, as the name would suggest, are relatively nonre-
sponsive to mechanical stimulation, requiring 100 times the threshold 
required for mechanoreceptors. Instead, chemical receptors are sensi-
tive to mediators found during inflammation, irritation, and changes in 
pH. Customarily, chemical nociceptors are defined by the presence of the 
ion channel transient receptor potential vanilloid 1 (TRPV1). The TRPV1 
receptor binds capsaicin, the active component in chili pepper extracts and 
a known potent tussigenic agent. The binding affinity of TRPV1 is increased 
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with mediators found during inflammation including bradykinins, prosta-
glandins, adenosine, and serotonin, as well irritants including nicotine and 
ozone. An overexpression of TRPV1 can be seen in chronic cough patients.15

Chemoreceptors are stereotypically associated with C-fiber afferents, 
which are classified by their action potential conduction velocity, ranging 
from 1 to 2 m/ sec.16 Though C-fibers are most common type of afferent 
associated with chemoreceptors, afferents with a conduction velocity of 6 
m/s, known as alpha-delta afferents, have been shown to conduct action 
potentials from chemoreceptors.9

Table 1–1 provides a summary of the thoracic and extrathoracic affer-
ents that have been associated with cough.

From one’s personal experience with volitional cough and conscious 
cough suppression, it should be clear there is a layer of cortical control in 
the physiology of cough. Located in the caudal brainstem, the central cough 
generator receives the vagal afferents via the nucleus tractus solitarius. The 
ability of cough to undergo central processing is also demonstrated in the 
efficacy of placebo therapy, which often decreases cough.

Common Causes of ChroniC Cough

The following discussion serves as a precursory introduction to famil-
iarize the reader to common causes of chronic cough. In-depth appraisal of 
each etiology is included in subsequent chapters. Furthermore, although 
the following descriptions discuss common etiologies of chronic cough as 

table 1–1. vagal afferents of the thoracic and extrathoracic airway

stretch receptors
Cough (widdicombe) 
receptors Chemoreceptors

location
intrapulmonary

location
extrapulmonary

location
extrapulmonary & 
intrapulmonary

Conduction speed
10–20 m/s

Conduction speed
5 m/s

Conduction speed
C-fibers 1–2 m/s
aδ fibers 6 m/s

stimulus
rapid adapting

dynamic respiration
slow adapting

static respiration

stimulus
punctate mechanical

stimulus
bradykinins, 
prostaglandins, 
adenosine, serotonin, 
ph, capsaicin
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singular entities, it is paramount for the reader to appreciate the multifac-
torial nature of chronic cough. As up to 93% of troublesome coughs are 
multifactorial, recognition of this salient concept mitigates delay in diag-
nosis as well as both clinician and patient frustration.17

asthma

Asthma as a source of chronic cough should always be in the differential. 
Asthmatic patients classically present with wheezing, dyspnea, and cough 
of an intermittent reversible nature. These symptoms, though, are not 
unique to asthmatics, and are found in many other respiratory diseases. 
Some readers are familiar with the term Reactive Airway Disease, an impre-
cise term used to describe transient symptoms of cough and wheeze when 
confirmation of a diagnosis of asthma is lacking. The majority of adult 
patients will already have a diagnosis of asthma since 75% of patients are 
diagnosed before the age of 7, though asthma can be diagnosed at any age.18 
Therefore, it is not the definition of asthma or necessarily the diagnosis that 
is important as much as the recognition of the relationship between cough 
and asthma.

Chronic cough may be the only manifestation of asthma in a condi-
tion called cough-variant asthma. Irwin and partners found that, in their 
prospective study of 102 patients with chronic cough, 28% of asthmatics 
had only cough as a symptom.17

Eosinophilic asthma, distinguished by a high level of eosinophils in 
the serum, sputum, and tissue, is a particularly severe form of asthma.19 
Though it accounts for only 5% of asthma cases, it is the most common cause 
of a severe asthma and is most commonly diagnosed in adults between the 
ages of 35 and 50. Eosinophilic bronchitis is a condition similarly presenting 
with elevated eosinophils, yet differs in the fact that patients do not exhibit 
typical variable airway restriction and responsiveness to bronchodilators, 
which is the defining hallmark of asthma.20,21 As eosinophilic bronchitis 
does not respond to bronchoprovocation testing, diagnosis is based on 
responsiveness to empiric inhaled corticosteroids. It is unclear whether 
eosinophilic bronchitis is separate from asthma or represents a condition 
along the spectrum of asthma.22 Regardless, eosinophilic bronchitis patients 
invariably present with cough, triggered by inhaled allergens.

 gastroesophageal reflux and laryngopharyngeal reflux

Gastroesophageal reflux disease (GERD) describes the condition where 
long-term flow of gastric contents flows retrograde from the stomach 
into the esophagus. Up to 50 episodes of reflux is considered physiologic 
and, therefore, in order to be classified as GERD, reflux must also cause 


