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Abstract

Introduction: There are few original studies on the true role of normal chest radiograph (CXR) in exclusion of pulmonary conditions
that may be associated with chronic cough. Thus, the aim of the study was to assess whether a plain CXR is a sufficient tool to
exclude relevant pulmonary causes of chronic cough.

Material and methods: A retrospective analysis of chest computed tomography (CT) scans in non-smoking patients with chronic
cough and normal CXR was performed. The percentage of individuals in whom chest CT revealed relevant abnormalities was
compared with the percentage of patients with irrelevant findings or normal chest CT scans. The negative predictive value (NPV)
of the CXR in diagnosing the causes of chronic cough was calculated as a proportion of true negative CXRs (normal CXR AND
irrelevant CT findings OR normal CT scan) to all negative CXRs (all patients, who had both a CXR and CT scan).

Results: The study group consisted of 59 adult patients with chronic cough, normal CXR and CT scan performed to diagnose
the cause of chronic cough. In 21 patients (21/59, 35.6%), chest CT revealed abnormalities that were classified as relevant to
chronic cough. The most frequent were: bronchiectasis (7/59, 11.9%), bronchial wall thickening (6/59, 10.2%) and mediastinal
lymphadenopathy (5/59, 8.5%). The NPV of a CXR in diagnosing the causes of chronic cough was 64%.

Conclusions: In conclusion, the NPV of CXR in diagnosing pulmonary causes of chronic cough is relatively low. Thus, plain CXR

seems to be insufficient to exclude pulmonary diseases potentially associated with chronic cough.
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Introduction

Chronic cough, usually defined as lasting
over 8 weeks, is a common medical complaint,
which can be associated with a wide range of
pulmonary and extrapulmonary diseases. In epi-
demiological surveys supported by the European
Respiratory Society, cough was reported in 10%
to 20% of the worldwide population and was
responsible for 10-38% of referrals to pulmonary
specialists [1-4]. An even higher prevalence of
chronic cough was demonstrated in women and
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obese patients. The reduction in health-related
quality of life associated with chronic cough is
comparable with that caused by severe chronic
obstructive pulmonary disease (COPD) [5].

Due to a long list of chronic cough causes and
limited specificity of various concomitant symp-
toms, the causal diagnosis is often challenging.
Smoking-related bronchitis or COPD should be
considered in all current and ex-smokers presen-
ting with chronic cough. Interestingly, although
smoking-related bronchitis is one of the most
common causes of chronic cough, it only rarely
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prompts smokers to seek medical assistance [1, 2].
Chest radiograph (CXR) is a critical diagnostic
procedure in the initial work-up of patients with
chronic cough. It may reveal variety of lesions,
including tumors, pulmonary consolidations
or interstitial patterns and many others, which
can be directly or indirectly related to chronic
cough [6]. Hence, all published guidelines on
the management of chronic cough underline the
diagnostic role of CXR in adult patients [1, 7,
8]. On the other hand, in a significant propor-
tion of patients with chronic cough, CXR does
not show any abnormal findings. This scenario
also provides relevant diagnostic information,
pointing to the need for further differential dia-
gnostics. This should include entities which are
known to be the most common causes of chronic
cough in non-smoking patients with a normal
CXR, i.e. upper airway cough syndrome (UACS)
comprising chronic rhinitis, rhinosinusitis;
gastroesophageal reflux disease (GERD); asth-
ma and nonasthmatic eosinophilic bronchitis
(NAEB) [9].

Even though the role of CXR in the diagno-
stic algorithm for patients with chronic cough is
indisputable, some limitations of this technique
should also be recognized. This refers to its rela-
tively low diagnostic sensitivity and specificity
compared to other imaging methods, including,
in particular, chest computed tomography (CT).
It has been demonstrated that CT is more accu-
rate than CXR in diagnosing some pulmonary
diseases that may be associated with cough,
including interstitial lung diseases or bronchiec-
tasis [10-13]. In the population of children, chest
CT is recommended in diagnosing the causes of
chronic productive cough [14], while in adults,
chest CT is recommended only if the most com-
mon causes of cough are excluded [1, 7, 8]. Thus,
as the results of management of chronic cough
in adults are still unsatisfactory [15], it might be
supposed that a wider application of chest CT
in this population could improve the efficacy of
treatment.

To the authors’ knowledge there are no
studies directly comparing the sensitivity or
accuracy of CXR and CT in diagnosing the cau-
ses of chronic cough in adults. Therefore, we
decided to perform a study assessing whether
the chest radiograph is sufficient to exclude
major pulmonary diseases that might be the
cause of chronic cough. Chest CT was used
as a “gold standard” to calculate the negative
predictive value (NPV) of CXR in adult patients
with chronic cough.

Material and methods

Study design

The study was a retrospective analysis of
the results of chest imaging studies performed in
patients referred to our institution due to chronic
cough between 2010 and 2014.

Patients

Patients between 18 and 80 years of age were
selected from an electronic database of non-
smoking people with chronic cough who were
referred to our department in order to diagnose
the cause of the condition. All subjects underwent
a diagnostic work-up according to the algorithm
described elsewhere [9, 16]. The study included
patients in whom both CXR and chest CT scan
were performed during the diagnostic work-up
and CXR did not reveal any abnormalities. Chest
CT scans were ordered only in individuals in
whom the most common causes of chronic cough
(asthma, GERD, UACS or NAEB) were excluded.

Methods

Chronic cough was defined as cough lasting
over 8 weeks [1, 7, 8]. All clinical data were
obtained from hospital medical records. The
analysis of the imaging studies was based on ra-
diological reports that were prepared by a radiol-
ogist with 25 years of experience in pulmonary
imaging. All reports were further re-evaluated by
one of the authors (OT or AR) in order to confirm
and classify if the abnormal findings were rele-
vant to chronic cough.

All evaluated CXRs were digital radiographs
performed in posteroanterior projection with the
use of automatic control of exposure (Philips
Healthcare, DigitalDiagnost, Release 4.1.2). The
main system characteristics were as follows:
tube current exposure time 1.5 mAs, voltage 125
kV, antiscatter grid, a focus to detector distance
150 cm.

The referral to chest CT scanning, as a part
of the diagnostic algorithm of chronic cough, was
at the discretion of an attending physician. Chest
CT scans were performed with a16-row CT scan-
ner (LightSpeed 16 General Electric, USA) using:
1.25-mm collimation, 140 kV peak, 100-250 mA
current and matrix size 512 X 512. The CT im-
age data were reconstructed with a high spatial
frequency algorithm and analyzed in pulmonary
window at a window level of — 500 HU and
a window width of 1400 HU and mediastinal
window at a window level of 40 HU and a window
width of 350 HU.

114 www . journals.viamedica.pl



Olga Truba et al., CXR in diagnosing the causes of chronic cough

We used a simple classification of chest CT
results that included the three following cate-
gories: (1) normal chest CT scan, (2) findings
relevant and (3) irrelevant to chronic cough.
The selection of chest CT findings classified as
relevant or irrelevant to chronic cough was based
on literature data and the authors’ experience.
Thus, bronchiectasis, interstitial abnormalities,
solitary pulmonary nodules > 8 mm and signi-
ficant mediastinal lymphadenopathy (diameter
> 10 mm) were construed as abnormalities that
might have been relevant to chronic cough. All
these findings were reported as potentially re-
lated to chronic cough in previously published
original papers or recommendations [7, 17-20].
The potential role of other CT findings was di-
scussed by all the authors, and a consensus was
achieved on classification of the abnormalities.
The following chest CT findings were conside-
red to be potentially related to chronic cough
by consensus of all the authors: hiatal hernia,
bronchial wall thickenings, tree-in-bud pattern
and pulmonary embolism. This was because
hiatal hernia is a known factor predisposing to
GERD while bronchial wall thickening and tree
-in-bud sign may represent chronic bronchitis
or bronchiolitis, all of which may be related to
chronic cough. The latter was reported in 23%
of patients with pulmonary embolism, although
it was rather acute than chronic [21]. According
to the authors’ consensus, the following chest CT
findings were classified as probably irrelevant
to chronic cough: air trapping, apical scarring of
the lungs, atrophic thymus, bullae, calcifications
in the mediastinal lymph nodes, small focal
band-like parenchymal scars, solitary pulmonary
nodules with benign pattern of calcification,
small (< 8 mm) solitary pulmonary nodules
without calcification, small pleural thickening.
Patients with two or more different CT abnorma-
lities classified as relevant and irrelevant, were
construed as having pulmonary lesions relevant
to chronic cough.

Statistical analysis

Data are expressed as medians and ranges
or numbers and percentages. The NPV of CXR
in diagnosing the causes of chronic cough was
calculated as a percentage of true negative CXRs
(both CXR and CT without any relevant abnor-
malities) to all negative CXRs (all patients who
had both CXR and CT performed). Patients with
true and false negative CXRwere compared using
Chi-squared test for categorical variables and
Mann Whitney U test for continuous variables.

Results

One hundred and fifty six non-smoking pa-
tients with normal CXR were initially selected.
In 97 (62%) of these patients, CXR was the only
chest imaging method used to diagnose the cau-
se of chronic cough. In the remaining 59 (38%)
patients, both CXR and chest CT scan were done.
These 59 patients formed the proper study gro-
up and their clinical and radiological data were
submitted for further analysis.

The median age of the study group was 62
years (range 24-78 years) and 75% of them were
women. The median duration of cough was
54 months (range 3-240 months). Thirty three
(56%) patients had never smoked cigarettes and
26 (44%) were ex-smokers. The median exposure
to tobacco smoke in ex-smokers was 16.5 (range
5-45) pack-years.

In all 59 patients, digital chest radiographs and
radiological reports were available for analysis.

Only in 3 of 59 (5%) subjects, chest CT scan
showed completely normal appearance of the
chest wall, lung and mediastinal structures. In
the remaining 56 (95%) patients with normal
chest radiograph, CT scan revealed some abnor-
malities.

In 21/59 (36%) patients, chest CT scans
demonstrated at least one lesion possibly related
to chronic cough. The most common findings
were the following: bronchiectasis (7/59, 11.9%),
bronchial wall thickening (6/59, 10.2%) and
mediastinal lymphadenopathy (5/59, 8.5%). The
detailed data on chest CT findings potentially
related to chronic cough are presented in Figure 1
(distribution of relevant abnormalities in chest
CT scans [total number of lesions = 26]). In four
patients, at least two relevant abnormalities in
chest CT coexisted. These were: bronchial wall
thickening and tree-in-bud pattern in the first
patient, interstitial abnormalities, bronchial wall
thickening and mediastinal lymphadenopathy in
the second one, bronchial wall thickening and
mediastinal lymphadenopathy in the third one
and bronchiectasis and diffuse bronchial wall
thickening in the fourth patient.

In 35 of 59 patients (59%), CT demonstrated
only nonspecific changes that were classified as
irrelevant to chronic cough. Various unconnect-
ed abnormalities frequently coexisted. The total
number of irrelevant abnormalities demonstrated
in 35 patients was 102. The most common irregu-
larities identified in the patients were as follows:
small focal band-like parenchymal scars (29/59,
49.2%), small (diameter < 8 mm) calcified solitary
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Figure 1. Distribution of relevant abnormalities in chest CT scans (total number of lesions = 26)
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Figure 2. Distribution of irrelevant abnormalities in chest CT scans (total number of lesions = 102); SPN: solitary pulmonary nodule

pulmonary nodules (19/59, 32.2%), small non-cal-
cified solitary pulmonary nodules (range of diam-
eter <8 mm) (18/59, 30.5%) and apical scarring of
the lungs (13/59, 22.0%). The distribution of all
chest CT findings assumed irrelevant to chronic
cough are shown in Figure 2. The detailed data
on the proportions of relevant and irrelevant CT
findings are shown in Table 1.

When comparing patients with true negative
and false negative CXR, the duration of cough was
shorter in the latter (25 vs 84 months, p = 0.025).
The two groups did not differ as far as age, gender
or smoking history were concerned (Table 2).

The NPV of a CXR in diagnosis of relevant
causes of chronic cough was calculated as 64%
(38/59).
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Table 1. Proportion of all abnormalities found in chest CT scans

Proportion in relation
to number of patients

Proportion in relation to all
relevant abnormalities

n/59 [%] n/26 [%]
CT findings Bronchiectases 11.9 26.9
gﬁ‘g’ﬁnt to chronic Bronchial wall thickening without bronchiectases 10.2 23.1
Mediastinal lymphadenopathy 8.5 19.2
Interstitial abnormalities 5.1 115
Tree-in-bud pattern 3.4 1.1
Solitary pulmonary nodule > 8 mm 1.7 3.8
Pulmonary embolism 1.7 3.8
Hiatal hernia 1.7 3.8
Proportion in relation
to all irrelevant abnormalities
n/102 [%]
CT findings Small focal bandlike parenchymal scar 49.2 28.4
'crrr]erlfr:’lz":(fjgh Calcified SPN 322 18.6
Non-calcified SPN < 8 mm 30.5 17.6
Apical scarring 22.0 12.7
Pleural thickening 13.6 1.8
Emphysema 8.5 4.9
Small region of air trapping 6.8 3.9
Calcification in mediastinal lymph nodes 3.4 2.0
Small bulla 3.4 2.0
Atrophic thymus 3.4 2.0
Table 2. Comparison of demographics of patients with true negative CXR and false negative CXR
True negative CXR False negative CXR p value
Number of patients 38 21
Age [yrs] 61 (24-78) 63 (31-74) ns
Sex [F/M] 30/8 14/1 ns
Duration of cough [months] 84 (5-192) 25 (3-240) 0.025
Smoking status [NS/ES] 23/15 10/1 ns
Smoking history [pack-years] 19.5 (5-30) 12.5 (5-45) ns

Data are given as median and ranges or number of patients. Both groups were compared using Chi-squared test for categorical variables and Mann Whitney U test for

continuous variables; F: female; M: male; NS: never smoker; ES: ex-smoker

Discussion

Our study demonstrated relatively low NPV
of CXR (64%) in diagnosing pulmonary diseases
that might be associated with chronic cough.
This suggests that normal CXR is not sensitive
enough to exclude some relevant pulmonary
diseases that may be the cause of chronic cough.
Given the scarcity of the reliable comparative

www.journals.viamedica.pl

data on the diagnostic accuracy of CXR vs chest
CT in patients with chronic cough, our study
may have significant implications for manage-
ment of patients with chronic cough. It indicates
the need for well-designed, prospective studies
on the role of CXR in diagnostic algorithm of
chronic cough.

Although at first glance it may seem that the
results of our study are in conflict with opinions
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presented in various international documents on
diagnosis and management of chronic cough, we
believe it is the opposite. Guidelines of the British
Thoracic Society (BTS), European Respiratory
Society (ERS) and American College of Chest
Physicians (ACCP) emphasize the role of CXR and
spirometry as key and mandatory examinations in
patients with chronic cough [1, 7, 8]. According
to the above mentioned guidelines, chest CT is
recommended only in those patients in whom the
cause of cough remains unknown after the initial
evaluation [1, 7, 8]. The authors of the ERS guide-
lines state that the addition of high-resolution
chest CT scanning to the baseline investigations
in patients with chronic cough is unlikely to be
cost-effective [8]. Likewise, the ACCP document
recommends that chest CT should be considered
only in those patients in whom the most common
causes of chronic cough were excluded [7].

It should be emphasized that in terms of
chest CT application in the diagnostic work-up
of patients with chronic cough our study was
fully concordant with the above guidelines.
Chest CT scanning was applied only in carefully
selected patients in whom the most common
causes of chronic cough had been excluded.
Therefore, the characteristics of our investiga-
ted group (i.e. non-smoking patients in whom
asthma, GERD, UACS and NAEB were excluded)
is important when interpreting the results and
discussing their impact on the management of
chronic cough.

The role of chest CT scanning in the diagnosis
of various pulmonary diseases is well established.
These include, among others, bronchiectasis
and idiopathic pulmonary fibrosis — diseases in
which the diagnosis is based on CT rather than
CXR [7, 21, 22]. It has also been demonstrated
that CT may be more useful than CXR in making
the diagnosis of other uncommon pulmonary
conditions presenting with chronic cough [23].
On the other hand, it should be realized that our
knowledge on the role of chest CT scanning in
diagnosing patients with chronic cough is based
on few studies only. These include one retrospec-
tive survey on the diagnosis and management
of chronic cough in a general chest clinic, one
prospective study reporting the efficacy of CT in
the diagnosis of chronic cough causes and one
recent study in children [24-26]. The first of these
studies was a retrospective analysis of medical
records of 124 adult patients, including smokers,
presenting with cough lasting for at least three
weeks. The authors found that CXR was helpful
in establishing the causative factor of chronic

cough in 31% of the subjects. In the same study,
chest CT showed significant pulmonary abnorma-
lities in 59% of the evaluated patients [24]. Thus,
chest CT scan revealed significant pulmonary
abnormalities in 28% of individuals in whom
the chest radiograph was not able to demonstrate
any pulmonary lesions. This finding is consistent
with the result of our study that showed relevant
pulmonary abnormalities in 36% of patients with
chronic cough and normal CXR.

The next prospective study included 78 non-
smoking patients aged >12 years with cough
lasting > 3 weeks, who had a normal chest radio-
graph. Chest CT scan was performed in 64 (82%)
of patients and allowed to reveal the potential
cause of chronic cough in 24% of the subjects
[25]. It should be noted that both of the above
discussed studies were performed more than 15
years ago. Since then, the technique of CT scan-
ning has evolved and this development might be
responsible for slightly better diagnostic yield
of chest CT in our study as compared to earlier
studies (36% vs 28 and 24%, respectively).

The third study evaluated the diagnostic role
of CXR in cough lasting > 4 weeks. However, that
study included only children (two groups of chil-
dren with median age 3.1 and 5.2 years, respec-
tively); it also differed from our study in terms of
design [26]. The authors evaluated whether some
cough pointers (signs, symptoms, chest radiograph
and spirometry) can differentiate between specific
(requiring specific treatment) and non-specific
cough, as well as, predict a spontaneous cough
resolution. The negative predictive value of normal
CXR for the diagnosis of specific cough was as low
as 0.15. Thus, the NPV reported by the authors
was much lower than that found in our study.
The difference can be explained by numerous dis-
similarities between those two studies, including
patient characteristics, chronic cough definition
(lasting > 4 vs. > 8 weeks), chronic cough causes
(a priori exclusion of patients with asthma, GERD,
UACS or NAEB in our study), and many others.
Nevertheless, the general conclusion about low
NPV of CXR to exclude specific cough causes (in
the study by Chang et al.) and pulmonary abnor-
malities that may be associated with chronic cough
(in our study) appear to be somewhat similar.

The results of our study seem to be parti-
cularly important in the context of increasing
evidence of the limited efficacy of chronic cough
treatment. Chronic idiopathic cough or cough
difficult to treat has been diagnosed in as many as
5-10% of adult patients with chronic cough [27].
As these conditions are diagnoses of exclusion,
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a thorough diagnostic work-up of patients with
chronic cough is essential for proper causal dia-
gnosis. Assuming that chest CT scan may reveal
pulmonary abnormalities in 24-36% of patients
with chronic cough and normal chest radiograph,
the application of this diagnostic procedure seems
to be justified in a significant proportion of indi-
viduals with unknown cause of chronic cough.
Particular vigilance in analyzing CXR is neces-
sary in patients with chronic cough of shorter
duration, as false negative CXR is more common
in this group than in patients who cough longer.

We are aware about some significant limita-
tions of our study. Firstly, it was a retrospective
analysis that included only a limited number
of patients. Secondly, the specific indications
for chest CT scan had not been predefined, and
the decision whether to perform CT or not was
somewhat arbitrary. This might have caused
a selection bias. Thirdly, the classification of
chest CT findings, which could have been or
not responsible for chronic cough was arbitrary
and not validated. It must be emphasized, ho-
wever, that to the authors knowledge no other
validated classifications which could have been
applied exist. Therefore, the authors had to pre-
define CT abnormalities relevant vs irrelevant
to chronic cough basing on literature data and
their own experience. Fourthly, it might be ar-
gued that the study on true impact of chest CT
on management of chronic cough (compared to
CXR only) should include data on how often the
result of chest CT changed treatment strategy
and whether the added therapy improved the
overall treatment efficacy. Although we have to
agree with this view, it should be noted, that
the study was not aimed at the evaluation of
the role of chest CT in management of chronic
cough. We do believe, this issue can be assessed
in future studies.

Conclusion

In conclusion, although chest radiograph
plays a key role in the diagnostic algorithm of
chronic cough, its NPV in diagnosing pulmonary
causes of the ailment is relatively low. Thus, chest
radiograph seems to be insufficient to exclude
pulmonary causes of chronic cough.
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