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Patients with idiopathic pulmonary fibrosis and refractory cough
have traction bronchiectasis and distorted airway architecture:

a retrospective case review study
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Abstract: Cough is a common and important sign/symptom in patients with idiopathic pulmonary fibrosis
(IPF). However, there have been few reports focusing on cough, and the exact mechanisms for cough in
patients with IPF have remained unclear. The objective of this study was to investigate the clinical features of
IPF patients with refractory cough and to clarify mechanisms for cough in these patients. We retrospectively
reviewed the files of patients with the diagnosis of IPF at Kanazawa University Hospital and compared
the clinical features of IPF patients with refractory cough with the clinical features of IPF patients without
refractory cough. Among a total of 23 patients with IPE, 10 patients (43.5%) had chronic cough. Of the ten
patients, seven patients had concomitant conditions that could lead to cough. Of these seven patients, the
cough of four patients was resolved after treatment of their concomitant condition. Finally, among the 23
patients there were 6 (26.1%) with refractory cough associated with IPF. Significant differences were seen
between the following clinical features of IPF patients with or without refractory cough, respectively, as
follows: lower body mass index (BMI; 18.822.5 vs. 22.822.5 kg/m’, P<0.01), lower forced vital capacity (FVC;
77.5%+30.4% predicted vs. 99.9%+0.53% predicted, P=0.046), and presence of traction bronchiectasis and
distorted airway architecture on high-resolution computed tomography (HRCT; 83.3% wvs. 11.8%, P<0.01).
The difference between the proportions of patients with or without refractory cough with capsaicin cough
sensitivity was not significant. Mechanical stress on the airways due to traction bronchiectasis and distorted

airway architecture is a possible mechanism for cough in IPF patients.
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Introduction

Idiopathic pulmonary fibrosis (IPF) is a chronic,
progressive interstitial lung disease of unknown cause.
Although the clinical course of IPF varies for each patient,
the prognosis of IPF is generally poor. The median
survival time after diagnosis ranges from 2 to 3 years (1).
The primary aims of treatment for patients with IPF is
to delay disease progression, alleviate the coughing, and
improve quality of life (QOL) (2). Antifibrotic drugs such
as pirfenidone and nintedanib have been found to reduce
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decreases in lung function, mortality rates, and risks of
acute exacerbation (3-9).

A chronic dry cough and dyspnea on exertion are among
the main signs/symptoms of IPF. Although the prevalence
of cough in patients with IPF varies, some studies have
found that up to 80% patients with IPF complained of
cough (10,11). Cough in IPF patients is generally severe
and difficult to control, and can adversely impact the
activities of daily life (12). Furthermore, a previous study
has reported that cough might be an independent predictor
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of patient outcome (10). Although mechanisms involved
in the cough of IPF patients have been proposed, the exact
pathophysiology and appropriate treatments for these
patients remain unclear (13-16). To clarify the mechanisms
of cough in IPF patients, we retrospectively reviewed the
patients diagnosed with IPF at our hospital and compared
the clinical features of IPF patients with refractory cough
with the clinical features of IPF patients without refractory
cough.

Methods

We retrospectively reviewed the records of all patients who
visited the Department of Respiratory Medicine, Kanazawa
University Hospital between January 2008 and August
2016. Clinical data were collected from medical records.
Those patients who satisfied the established criteria for the
diagnosis of IPF were included in the study (17). High-
resolution computed tomography (HRCT) findings were
analyzed by two radiologists. Specifically, one of the two
radiologists analyzed the HRCT images, and the other
radiologist verified the analysis of the first radiologist.
Lung specimens were evaluated in a similar manner by
two pathologists. We defined HRCT findings as follows:
honeycombing, clusters of cystic airspaces just below the
pleura; emphysema, abnormal enlargement of the airspaces
distal to the terminal bronchioles plus destruction of
alveolar walls; and traction bronchiectasis, bronchoarterial
ratio greater than 1.0 and lack of tapering. Pulmonary
function testing was performed by a computerized
spirometer (CHESTAC-9800; CHEST, Tokyo, Japan).
Fractional exhaled nitric oxide (FeNO) was measured by an
electrochemical analyzer (NA623NP; CHEST). Assessment
of capsaicin cough sensitivity was carried out by a previously
reported method (18).

We investigated the prevalence of refractory cough in
patients with IPF and compared the clinical features of the
patients with refractory cough with those of the patients
without refractory cough. At every clinic visit we asked
each patient about the presence of cough, even if cough was
not observed during the visit. We performed the following
investigations: blood tests; radiography of the chest and
sinuses; chest computed tomography (CT); spirometry;
bronchodilator reversibility test; FeNO test; and on patients
with cough, the capsaicin cough sensitivity test. The results
of the investigations allowed us to identify patients with
comorbidities that were more likely to cause cough, such as
bronchial asthma (BA), cough-variant asthma (CVA), atopic
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cough (AC), and sinobronchial syndrome (SBS), and treated
each of those patients specifically for his or her concomitant
disease (e.g., inhaled corticosteroids for BA, bronchodilators
for CVA, histamine H, receptor antagonists for AC, and
macrolides and expectorants for SBS). In this study, cough
due to IPF was defined as a cough that persisted despite
complete evaluations and treatments for comorbidities
that cause cough, which were based on published practice
guidelines (19).

Continuous variables, excluding capsaicin cough
sensitivity, are shown as mean = standard deviation (SD).
Capsaicin cough sensitivity is expressed as a geometric
mean with a geometric standard error of the mean. Discrete
variables are shown as numbers. Statistical differences
between pairs of groups were determined by the Mann-
Whitney U test or Fisher exact test. A P value less than 0.05
was considered statistically significant. All statistical analyses
were performed by EZR software (Saitama Medical Center,
Jichi Medical University, Saitama, Japan) (20), which is a
graphical user interface based on a modified version of R
commander (The R Foundation for Statistical Computing,
Vienna, Austria). The modified version of R commander
has additional statistical functions that are frequently used
in biostatistical analysis.

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). The study
was approved by the ethical review board of Kanazawa
University Hospital (approval date: February 20, 2019;
approval No. 2960) and individual consent for this
retrospective analysis was waived.

Results

Figure 1 shows the numbers and types of patients evaluated
in this study. Among a total of 23 patients with IPF,
10 (43.5%) patients had chronic cough lasting longer than
8 weeks. Of the ten patients, seven patients had concomitant
conditions that could lead to cough (two patients with BA,
two with CVA, three with AC, and two with SBS). Of these
seven patients, the cough of four patients was resolved after
treatment of their concomitant condition. The cough of the
remaining three of seven patients could not be stopped by
specific treatments targeting their concomitant condition.
Finally, among the 23 patients there were 6 (26.1%) with
refractory cough associated with IPE.

Table 1 compares the characteristics, laboratory data,
and HRCT findings at the diagnosis of IPF patients with
refractory cough and of IPF patients without cough.
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IPF patients (N=23)

> Patients without cough n=13 (56.5%)

\
Patients with cough n=10 (43.5%)

Cough due to other diseases n=4 (17.4%)
“| BAn=1, AC n=1, CVA n=1, BA + SBS n=1

Y

Refractory cough* (IPF cough)
n=6 (26.1%)
AC n=1, CVA n=1, AC + SBS n=1

Figure 1 Number and types of patients with IPF evaluated in
this study. *, three IPF patients with concomitant conditions were
considered to have refractory cough associated with IPF, because
their coughs could not be resolved by treatments specifically
targeting their other conditions. IPE, idiopathic pulmonary fibrosis;
N, total number of patients evaluated; n, number in subgroups; BA,
bronchial asthma; AC, atopic cough; CVA, cough-variant asthma;

SBS, sinobronchial syndrome.

The body mass index (BMI) of patients with cough was
significantly lower than the BMI of patients without cough
(18.8+2.5 vs. 22.8+2.5 kg/m’, respectively; P<0.01). More
patients with cough than patients without cough received
antifibrotic drugs, especially pirfenidone. None of the
patients received angiotensin-converting enzyme (ACE)
inhibitors. IPF disease severity was evaluated according to
the GAP {gender (G), age (A), and two lung physiology
variables [P; forced vital capacity (FVC) and diffusing
capacity of carbon monoxide (DLco)]} index (21), and the
difference between patients with and without cough was not
significant.

Among the HRCT findings, the differences between
the rates of honeycombing and emphysema were not
significant for the patients with and without cough. Traction
bronchiectasis was significantly more common in the
patients with cough than in the patients without cough (five
of six patients vs. two of 17 patients, respectively; P<0.01).

Figure 2 shows representative HRCT images of patients
with refractory cough and patients without refractory
cough. HRCT images of IPF patients with refractory
cough show not only honeycombing, but also traction
bronchiectasis and architectural distortion of the airways.
HRCT images of IPF patients without refractory cough
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show almost normal bronchial architecture.

Table 2 compares the parameters of pulmonary function
of IPF patients with refractory cough and the parameters
of pulmonary function of IPF patients without refractory
cough at diagnosis. The FVC of the patients with cough
was significantly lower than the FVC of patients without
cough (77.5%=30.4% predicted vs. 99.9%=+0.5% predicted,
respectively; P=0.046). The differences between the other
measured parameters, including FeNO and capsaicin cough
sensitivity, of the IPF patients with and without cough were
not significant.

Discussion

In this study, 6 (26.1%) of 23 IPF patients complained of
refractory cough. We found that several clinical features
of patients with IPF and refractory cough were different
from the same features of IPF patients without refractory
cough, as follows: lower BMI, lower FVC, and traction
bronchiectasis and distorted airway architecture vs. almost
normal airway architecture on HRCT scans.

Although the exact pathophysiology of cough in IPF
patients remains unclear, the following mechanisms have
been proposed: (I) increased sensitivity of the cough reflex;
(II) mechanical stimulation; (II) accumulation of mucus in
the airways; and (IV) comorbidities that cause cough (13-16).
A previous study found that more than 50% of patients
with interstitial lung disease also had other common
diseases that are associated with cough (22). In our study,
seven of ten IPF patients with cough had concomitant
conditions associated with cough, and the cough of four of
seven patients was resolved by specific treatments for each
condition. On the other hand, three patients had no other
possible causes of cough, and it is clear that IPF alone can
cause cough by pathophysiological mechanisms thought to
be associated with IPFE.

There have been a few reports that the sensitivity of the
cough reflex to chemical irritants is increased in patients
with IPF (11,23). One of the published reports on patients
with IPF examined the sensitivity of the cough reflex to
capsaicin; patients with comorbidities associated with
cough such as BA, gastroesophageal reflex disease (GERD),
respiratory tract infections, and ACE inhibitors were
excluded (11). However, patients with other conditions,
in particular AC, may not have been completely excluded
because of an incomplete history on specific preventative
treatments such as inhaled corticosteroids and histamine H;
receptor antagonists. Indeed, cough has been dramatically
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Table 1 Patients with IPF (N=23): characteristics, laboratory data, and HRCT findings at diagnosis (comparison between with refractory cough

and without refractory cough)

Variables With refractory cough (n=6) Without refractory cough (n=17) P value
Age, years 60 [38-79] 67 [65-79] 0.19
Sex >0.99
Male 5(83.3) 14 (82.4)
Female 1(16.7) 3(17.6)
BMI, kg/m® 18.8+2.5 22.8+2.5 <0.01
Smoking status >0.99
Never smoker 1(16.7) 2(11.8)
Current or former smoker 5(83.3) 15 (88.2)
Medications
Antifibrotic drugs 6 (100.0) 9 (52.9) 0.06
Pirfenidone 6 (100.0) 7(41.2) 0.02
Nintedanib 4 (66.7) 4 (23.5) 0.13
Prednisolone 0 (0.0 3(17.6) 0.54
Proton pump inhibitor 4 (66.7) 6 (35.3) 0.34
Expectorant 1(16.7) 2(11.8) >0.99
Peripheral blood eosinophil count, mm® 130.8+91.3 315.5+338.9 0.09
Total serum IgE, IU/mL 139.2+204.0 227.0+183.7 0.68
KL-6, U/mL 1,085.0+254.0 835.1+496.9 0.06
GAP index 0.82
Stage | 3(50.0) 11 (64.7)
Stage Il 2(33.3) 4 (23.5)
Stage IlI 1(16.7) 2(11.8)
HRCT findings
Traction bronchiectasis 5(83.3) 2(11.8) <0.01
Honeycombing 6 (100.0) 15(88.2) >0.99
Emphysema 1(16.7) 8 (47.1) 0.34

Data are presented as n (%), mean + SD, or median [range]. IPF, idiopathic pulmonary fibrosis; N, total number of patients evaluated;
HRCT, high-resolution computed tomography; n, number in subgroups; BMI, body mass index; IgE, immunoglobulin E; GAP, gender (G),
age (A), and two lung physiology variables (P; FVC and DLco); FVC, forced vital capacity; DLco, diffusing capacity of carbon monoxide;

SD, standard deviation.

reduced by steroid therapy, which is not recommended for
IPF patients because it is not effective; and AC might have
been a concomitant condition in some studies (11). In our
study, the sensitivity of the cough reflex to capsaicin was
only increased in three patients (two patients with refractory
cough and one without cough), and the difference between

© Journal of Thoracic Disease. All rights reserved.

the sensitivity of the cough reflex to capsaicin in the two
groups of patients was not significant. However, a capsaicin
cough challenge test was assessed for only 15 of 23 patients
(five patients with cough and ten patients without cough).
Additional studies are needed to clarify the association of the
sensitivity of the cough reflex to capsaicin in IPF patients.
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Figure 2 Representative HRCT images of patients with refractory cough (A,B) and patients without refractory cough (C,D). The images of

patients with refractory cough reveal traction bronchiectasis and distorted architecture of the airways (arrows) (A,B). The images of patients

without refractory cough show bronchial structures that appear to be almost normal (C,D). HRCT, high-resolution computed tomography.

Table 2 Patients with IPF (N=23): pulmonary function at diagnosis (comparison between with refractory cough and without refractory cough)

Parameters With refractory cough (n=6) Without refractory cough (n=17) P value
FVC, % predicted 77.5+30.4 99.9+0.5 0.046
FEV,, % predicted 85.8+28.2 96.7+24.7 0.52
FRC, % predicted 77.4+16.4 85.6+18.2 0.40
RV, % predicted 71.4+18.6 79.6+21.0 0.36
TLC, % predicted 72.3+22.5 87.9+19.1 0.25
RV/TLC, % predicted 102.3+25.1 90.9+15.9 0.40
DLco, % predicted 48.4+21.9 53.7£14.2 0.26
FeNO, ppb 19.0+6.0 29.2+16.7 0.29
C5, uM (with cough n=5, without cough n=10) 20.6+26.6 12.7+£8.1 0.62
Increased cough receptor sensitivity to capsaicin 2/5 (40.0) 1/10 (10.0) 0.16

Data are presented as n (%), mean + SD, or geometric mean + geometric standard error. IPF, idiopathic pulmonary fibrosis; N, total
number of patients evaluated; n, number in subgroups; FVC, forced vital capacity; FEV,, forced expiratory volume in 1 second; FRC,
functional residual capacity; RV, residual volume; TLC, total lung capacity; DLco, diffusing capacity of carbon monoxide; FeNO, fractional
exhaled nitric oxide; ppb, parts per billion; C5, capsaicin concentration eliciting 5 or more coughs; SD, standard deviation.

© Journal of Thoracic Disease. All rights reserved. 7 Thorac Dis 2024;16(3):2159-2166 | https://dx.doi.org/10.21037/jtd-23-1443



2164 Yamamura et al. Clinical features of patients with IPF and refractory cough

Mechanical stimulation is one of the proposed causes
of cough in IPF patients. A previous study found that the
sensitivity of the cough reflex to mechanical stimuli is
enhanced in IPF patients (24). Furthermore, mechanical
stimulation of the base of the posterior lung, where fibrotic
changes are most prevalent and extensive in IPF patients,
more frequently induced cough than mechanical stimulation
of other regions of the lung (24). Additionally, Sato et al.
showed that the inhibition of mechanical stimulation of
the thoracic cage by a chest band reduced the frequency of
cough due to mechanical stimulation (25). Our study found
that traction bronchiectasis and distorted airway architecture
of the airways were specific features of patients with IPF
and refractory cough. However, the differences between the
rates of honeycombing and emphysema in our study patients
with and without refractory cough were not significant.

Previous studies have shown that bronchopulmonary
C-fibers and Ad-fibers play an important role in the cough
reflex (26,27). C-fibers, which densely innervate the
epithelium and the region around the epithelium of whole
airways, are sensitive to a diverse range of chemical and
environmental irritants.

On the other hand, Ad-fibers, which sparsely innervate
the space between the epithelium and smooth muscle in the
proximal airways, are insensitive to most chemical irritants,
but are sensitive to mechanical stimuli. The distribution
of sensory nerves combined with our study findings,
suggest that architectural distortion of the bronchi exerts
mechanical stress on the airways and leads to increased
stimulation of the Ad-fibers, which results in cough.
To our best knowledge, there have been no reports on
investigations of the association between structural changes
seen on HRCT and cough in IPF patients.

Although patients with IPF commonly have a
nonproductive dry cough, accumulation of mucus in
the airways is thought to be another cause of cough. A
previous report showed that a common polymorphism in
the promoter of the mucin 5B gene (MUCSB) is associated
with the development of IPF and increased production
of airway mucin (28). Indeed, mucin 5B protein is the
predominant component of the honeycomb cysts of IPF
patients (29). Furthermore, the severity of cough in IPF
patients is associated with this MUCSB genotype (30).
These reports suggest that increased MUCSB-associated
mucus may contribute to the cough in IPF patients. In our
study, all patients with refractory cough had a dry cough,
and the association between accumulation of mucus in the
airways and cough in IPF patients could not be evaluated.
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Additional studies are needed to clarify the association of
the accumulation of mucus in the airways with cough in IPF
patients.

In our study, the BMI and FVC were significantly
lower in IPF patients with refractory cough than in IPF
patients without cough. Because the cough of IPF patients
is debilitating and persistent, the BMI of patients with IPF
might have been decreased because of prolonged repeated
episodes of cough. Furthermore, we believe that the
decreased FVC was due to the extensive fibrosis revealed
on HRCT.

There are no established treatments for cough in IPF
patients. Antifibrotic drugs have been shown to reduce
decreases in lung function and improve the survival of IPF
patients (3-9). Some studies found that pirfenidone reduced
the rates of cough in IPF patients (31,32). We previously
showed that pirfenidone suppressed the increased sensitivity
of the cough reflex due to capsaicin in a sensitized guinea
pig model (33). Almost all the major clinical trials of
antifibrotic drugs have not focused on cough, and the
efficacy of these drugs on cough is unclear. All our study
patients with refractory cough were treated with antifibrotic
drugs. Additionally, trials studying a P2X3 receptor
antagonist, which has recently demonstrated efficacy in
reducing the rates of cough and improved the QOL of
patients with refractory chronic cough or unexplained
chronic cough (34), found that the P2X3 receptor
antagonist also tended to reduce the rates of cough in IPF
patients. However, the primary endpoint was not met in
the trials (35). Further studies are needed to establish the
management of cough in IPF patients.

Our study has several limitations. First, it was a single-
center retrospective study of a limited number of patients.
Second, the radiological findings were only subjectively
evaluated by radiologists. An objective evaluation that
includes software that can analyze images is preferable for
confirming the relationship between structural changes
on HRCT and cough in patients with IPF. However,
the disease severity of IPF as assessed by GAP scoring
did not show an association with cough. We speculate
that mechanical stress due to distorted architecture of
the airways may be the cause of cough in IPF patients,
regardless of the extent or severity of structural changes.
Third, some comorbidities associated with cough, especially
GERD, may not have been adequately ruled out. GERD
is a major problem that is often found in patients with
IPF, and it is one of the main causes of chronic cough.
There were no differences between the characteristics of
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the patients with cough (n=10) and without cough (n=13)
(Tables S1,S2). Finally, we defined “refractory cough due to
IPF” as a cough that persists despite complete evaluations
and treatments for comorbidities that cause cough, which
are based on published practice guidelines (19). We could
not objectively evaluate the frequency and severity of cough
with the use of established cough assessment tools. To
clarify the exact mechanism for cough in IPF patients, we
need additional studies that overcome these limitations.

Conclusions

We found that 26.1% of our patients with IPF complained
of refractory cough. Our results suggest that mechanical
stress due to distorted architecture of the airways is a major
factor associated with cough in IPF patients. To clarify
the mechanisms and establish the appropriate treatment
strategy for cough in IPF patients, we need additional
studies focusing on the cough of patients with IPE.
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Supplementary

Table S1 Patients with IPF (N=23): characteristics, laboratory data, and HRCT findings at diagnosis (comparison between with cough and
without cough)

Variables With cough (n=10) Without cough (n=13) P value
Age, years 65 [38-79] 67 [65-79] 0.19
Sex >0.99
Male 8 (80.0) 11 (84.6)
Female 2 (20.0) 2 (15.4)
BMI, kg/m® 20.6+3.1 22.5+2.8 0.17
Smoking status >0.99
Never smoked 1(10.0) 2 (15.4)
Current or former smoked 9(90.0) 11 (84.6)
Medications
Anti-fibrotic drugs 7 (70.0) 8 (61.5) >0.99
Pirfenidone 7 (70.0) 6 (46.2) 0.40
Nintedanib 4 (40.0) 4(30.8) 0.69
Prednisolone 0 (0.0) 3(23.1) 0.23
Proton pump inhibitor 5(50.0) 5 (38.5) 0.69
Expectorant 3 (30.0) 0 (0.0) 0.07
Peripheral blood eosinophil counts, mm?® 166.2+124.4 345.1+377.6 0.10
Total serum IgE, IU/mL 204.2+325.9 207.4+224.2 0.75
KL-6, U/mL 945.0+291.5 865.8+559.0 0.26
GAP index 0.84
Stage | 7 (70.0) 7 (53.8)
Stage Il 2(20.0) 4(30.8)
Stage IlI 1(10.0) 2(15.4)
HRCT findings
Traction bronchial dilatation 5(50.0) 2 (15.4) 0.17
Honeycombing 10 (100.0) 11 (84.6) 0.49
Emphysema 3 (30.0) 6 (46.2) 0.67

Data are presented as n (%), mean + SD, or median [range]. IPF, idiopathic pulmonary fibrosis; N, total number of patients evaluated;
HRCT, high-resolution computed tomography; n, number in subgroups; BMI, body mass index; IgE, immunoglobulin E; GAP, gender (G),
age (A), and two lung physiology variables (P; FVC and DLco); FVC, forced vital capacity; DLco, diffusing capacity of carbon monoxide;
SD, standard deviation.
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Table S2 Patients with IPF (N=23): pulmonary function at diagnosis (comparison between with cough and without cough)

Parameters With cough (n=10) Without cough (n=13) P value
FVC, % predicted 91.7+£31.9 95.9+21.2 0.54
FEV,, % predicted 94.6+30.3 93.3+22.3 0.88
FRC, % predicted 84.7+20.3 83.1+16.6 0.95
RV, % predicted 77.4+19.0 78.0+£22.0 0.79
TLC, % predicted 83.9+24.6 84.7+£18.2 0.85
RV/TLC, % predicted 95.2+20.6 92.3+17.4 0.95
DLco, % predicted 53.9x+18.2 51.5x14.7 >0.99
FeNO, ppb 21.9+7.8 30.5+18.6 0.42
C5, uM (with cough n=9, without cough n=6) 15.8+19.8 14.6+£9.8 0.9
Increased cough receptor sensitivity to capsaicin 2/9 (22.2) 1/6 (16.7) 0.56

Data are presented as n (%), mean + SD, or geometric mean + geometric standard error. IPF, idiopathic pulmonary fibrosis; N, total
number of patients evaluated; n, number in subgroups; FVC, forced vital capacity; FEV,, forced expiratory volume in 1 second; FRC,
functional residual capacity; RV, residual volume; TLC, total lung capacity; DLco, diffusing capacity of carbon monoxide; FeNO, fractional
exhaled nitric oxide; C5, capsaicin concentration eliciting 5 or more coughs; SD, standard deviation.
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