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Original Article on Novel Insights into Chronic Cough
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Background: The role of chest computed tomography (CT) scan is controversial in the management of 
chronic cough patients with normal chest X-rays. We investigated the utilization pattern and diagnostic 
outcomes of chest CT scans using institutional routinely collected data (RCD) in South Korea.
Methods: This is a retrospective analysis of adults with chronic cough (>8 weeks in duration) identified 
from routinely collected electronic health records (EHRs). Structured data were retrieved, including 
demographics, medical history, symptoms, and diagnostic test results (including chest X-rays and CT scans). 
Chest CT scan outcomes were classified into major abnormal findings (malignancy, infectious diseases, 
or other critical conditions that warrant immediate treatment decisions), minor abnormal findings (other 
abnormal findings), or normal CT. 
Results: A total of 5,038 chronic cough patients with normal chest X-rays were analyzed. Chest CT scans 
were performed in 1,006 patients. Prescription of CT scans was significantly associated with older age, male 
sex, smoking history, and physician-diagnosed history of lung disease. Only 8 of 1,006 (0.8%) patients had 
major abnormal findings (4 pneumonia, 2 pulmonary tuberculosis, and 2 lung cancer), while 367 (36.5%) had 
minor findings, and 631 (62.7%) had normal CT scans. However, no baseline parameters were significantly 
associated with major CT findings.
Conclusions: Chest CT scans were frequently prescribed for chronic cough patients with normal chest 
X-rays, and abnormal findings were frequently found (37.3%). However, the diagnostic yield for malignancy 
or infectious disease were low (<1%). Given the potential radiation harm, a routine chest CT scan may not 
be warranted in chronic cough patients with normal chest X-rays. 
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Introduction

Chronic cough, typically defined as a cough lasting for over 
8 weeks in adults, is a prevalent medical condition (1-3). 
Also, it is a major cause of morbidity, posing a substantial 
impact on patient quality of life (QoL) (4-7).

Identifying and controlling treatable traits is crucial 
in managing patients with chronic cough. The current 
cough guidelines recommend detailed history taking, 
physical examination, and chest X-rays as part of the initial 
assessments (8-10). Chest X-rays especially are routinely 
recommended to screen out critical lung parenchymal 
diseases. However, the diagnostic roles of chest computed 
tomography (CT) scan remain controversial in patients with 
chronic cough with normal chest X-rays. 

Chest CT scans may be useful in detecting lung lesions 
that are not readily visible on chest X-rays; however, the 
causal relationships between CT findings and cough are 
often difficult to determine. In addition, there is a concern 
about the potential risk of radiation exposure (8,11). The 
European Respiratory Society (ERS) cough guideline task 
force developed a conditional recommendation against 
routine chest CT scans in chronic cough patients with 
normal chest X-rays and physical examination (8). However, 
the level of supporting evidence was very low (8), and to 
date, the number and sample size of relevant studies remains 
small (12-14). 

Routinely collected data (RCD), such as health 
administrative data or electronic health records (EHRs), 
can offer an opportunity to analyze real-world practice 

patterns and clinical outcomes on a large scale. We recently 
established a retrospective cohort of patients with chronic 
cough using an academic institutional EHR database (15). 
Utilizing the cohort database, we investigated the real-
world application pattern and diagnostic outcomes of chest 
CT scans in chronic cough patients with normal chest 
X-rays. We present the following article in accordance with 
the STROBE reporting checklist (available at https://jtd.
amegroups.com/article/view/10.21037/jtd-22-1404/rc).

Methods

Study population

This is a retrospective analysis of adult patients with 
chronic cough referred to allergy and asthma clinics 
between January 2010 and August 2018. The patient 
cohort was established using the RCD from the tertiary 
institutional EHR, and the study methodology has been 
reported previously (15). Briefly, chronic cough cases were 
identified using the search term “cough” or “coughing” 
(in English or Korean) in the EHR data field of the chief 
complaint, combined with the data field for the duration of 
chronic cough (>8 weeks). Patients were excluded if other 
symptoms, such as hemoptysis, fever, chest discomfort, or 
pain, were indicated as co-chief complaints. The selection 
flow of the study population is presented in Figure 1. The 
study was conducted in accordance with the Declaration 
of Helsinki (as revised in 2013). The study protocol was 
approved by the hospital institutional review board of Asan 
Medical Center (No. 2019-0511) and individual consent for 
this retrospective analysis was waived.

Baseline clinical information

Baseline data were retrieved from routinely collected case 
report forms: demographics, present illness, concomitant 
symptoms, smoking history, and past medical history. The 
case report form was filled out by specialist nurses and 
physicians (allergists or pulmonologists) at the clinics. 

Chest X-ray and CT scan data

Records of chest X-rays conducted within 1 month from 
the baseline visit were retrieved with records of the 
subsequently performed chest CT scans. All imaging test 
outcomes were based on formal reports by radiologists. 
Chest X-rays were defined as abnormal if the patient had 
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bronchiectasis, tuberculosis, malignancy, or other grossly 
abnormal parenchymal lesion according to the formal 
interpretation of the radiologist and were otherwise normal. 

This RCD based study presents challenges in determining 
the causal relationships between CT findings and chronic 
cough. The CT findings were arbitrarily classified 
into three groups based on the needs for immediate 
management: (I) major abnormal; (II) minor abnormal; or 
(III) normal. Major abnormal findings included malignancy, 
infection, or critical lung diseases warranting immediate 
treatment decisions. Minor abnormal findings included 
any other abnormalities that likely did not warrant 
immediate treatment, such as benign nodules, focal fibrosis, 
fibrocalcified lesion, subsegmental atelectasis, bronchial 
wall thickening, bronchiectasis, or calcified nodule or 
granuloma. 

Statistical analysis

Continuous data were expressed as mean ± standard deviation 
or median [interquartile range (IQR)]. Categorical data were 
calculated as the number of patients and percentages. 

Group differences were assessed using Student’s t-test, 
Mann-Whitney U-tests, or chi-square tests. One-way 
analysis of variance was conducted to examine differences 
among the three groups (i.e., major, minor, vs. normal 
CT findings), and all calculations were performed using 
the Stata 15.1 software (Stata Corp., College Station, 
TX, USA). A two-sided P value of <0.05 was considered 
statistically significant. 

Results

Study population 

Of the 7,135 patients with chronic cough identified from 
the routinely collected healthcare database, 5,911 patients 
underwent chest X-rays within 1 month of the baseline 
visit. Of these, 5,038 patients had normal chest X-rays and 
were finally analyzed (Figure 1). Compared with patients 
with abnormal chest X-rays, those with normal chest X-rays 
were younger, with a greater proportion of females, and 
had shorter cough duration, less smoking history, but more 
self-reported history of respiratory diseases. The detailed 
characteristics are presented in Table S1. 

Baseline factors associated with chest CT scan utilization

Among the 5,038 chronic cough patients with normal 
chest  X-rays ,  chest  CT scans were performed in  
1,006 patients (20.0%); and 459 (45.6%) and 547 (54.4%) 
of patients underwent contrast and non-contrast chest 
CT scans, respectively. Their baseline characteristics and 
demographics were compared according to chest CT 
scan utilization (Table 1). Chest CT scans were performed 
significantly more often in patients who had longer cough 
duration, older age, male sex, more smoking history, 
more lung parenchymal diseases, or more non-respiratory 
comorbidities, including malignancy. 

Diagnostic outcomes of chest CT scans in chronic cough 
patients with normal chest X-rays

Of the 1,006 patients with chest CT scans, 8 (0.8%) had 

Figure 1 Study population. Of the 7,135 patients with chronic 
cough, 5,911 underwent chest X-rays within 1 month of the baseline 
visit. Of these, 5,038 patients had normal chest X-rays and were 
finally included in the present analyses. CT, computed tomography. 

Cough patient identification from routinely 
collected data (n=13,223)

Patients with chronic cough
(n=7,135)

Patients who underwent chest X-ray within  
1 month since the baseline visit

(n=5,911)

Patients with normal chest X-ray 
(n=5,038)

Patients who underwent chest CT scan
(n=1,006)

Major abnormal 
findings

(n=8)

Minor abnormal 
findings
(n=367)

Normal CT
(n=631)

https://cdn.amegroups.cn/static/public/JTD-22-1404-Supplementary.pdf
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Table 1 Baseline characteristics of study participants according to chest CT scan utilization

Parameters
Patients who underwent  

chest CT (n=1,006, 20.0%)
Patients who did not undergo  

chest CT (n=4,032, 80.0%)
P value

Cough duration (months) 8 [3–12] 6 [3–12] 0.002

Age (years) 57.3±12.1 49.7±16.0 <0.001

Female sex (%) 58.6 66.1 <0.001

Smoking history (%)

Never smoker 65.3 72.4 <0.001

Former smoker 23.3 15.9 <0.001

Current smoker 9.6 8.6 0.288

Physician-diagnosed history

Respiratory disease (%)

Allergic rhinitis 6.6 13.4 <0.001

Chronic rhinosinusitis 19.3 18.5 0.569

Asthma 19.4 22.0 0.068

Chronic obstructive pulmonary disease 2.7 1.0 <0.001

Bronchiectasis 1.1 0.1 0.001

Pulmonary tuberculosis 0.7 0.02 <0.001

Interstitial lung disease 1.4 0.2 <0.001

None 59.3 55.9 0.047

Non-respiratory disease (%)

Gastroesophageal reflux disease 12.9 9.7 0.002

Malignancy 14.5 4.9 <0.001

Heart failure 0.4 0.5 0.834

Hypertension 28.5 20.4 <0.001

Diabetes mellitus 11.0 7.4 <0.001

None 48.4 66.3 <0.001

Concomitant symptoms (%)

Abnormal throat sensation* 73.4 72.5 0.571

Sputum production 62.4 59.5 0.093

Postnasal drip/throat clearing 32.9 39.8 <0.001

Rhinorrhea 29.8 34.2 0.009

Sneeze 29.4 32.0 0.113

Nasal obstruction 21.5 28.6 <0.001

Dyspnea 26.2 24.3 0.208

Wheeze 19.7 17.7 0.146

Table 1 (continued)
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major abnormal findings, 367 (36.5%) had minor findings, 
and 631 (62.7%) had normal CT. The major and minor 
findings are presented in Figure 2 and Table 2. Major 
abnormal findings were noted in 4 cases with pneumonia, 
2 with pulmonary tuberculosis, and 2 with lung cancer. 
Patients with minor CT findings comprised 69 cases with 
focal fibrosis, 59 noncalcified nodule/benign small infiltrates, 
59 subsegmental atelectasis, 45 bronchial wall thickening, 41 
bronchiectasis, 27 ground glass opacity, 25 calcified nodule/
calcified granuloma, 23 emphysema, 13 bulla, 5 pleural 
thickening/pleural plaque, and 1 subpleural reticular opacity 
(Figure 2 and Table 2).

Comparison of baseline patient characteristics according to 
chest CT findings

Baseline characteristics were compared according to chest 
CT findings (Table 3). Across the three groups, there 
were no statistically significant differences in the baseline 
characteristics, such as cough duration, age, sex, history of 
smoking and respiratory disease, or concomitant symptoms. 
The proportion of patients with dyspnea or history of 
malignancy was significantly different (P<0.001), but the 
differences were only significant between normal and minor 
findings, but not with major findings. 

Table 1 (continued)

Parameters
Patients who underwent  

chest CT (n=1,006, 20.0%)
Patients who did not undergo  

chest CT (n=4,032, 80.0%)
P value

Hoarseness 10.7 11.7 0.400

Throat pain 10.0 11.4 0.217

Heartburn 19.3 19.4 0.965

Acid regurgitation 13.8 16.8 0.022

Data were presented as mean ± standard deviation, median [interquartile range], or percentages. *, globus, tickling, or dryness. CT, 
computed tomography.

Figure 2 Diagnostic outcomes of chest CT scans in chronic cough patients with normal chest X-rays. Major findings (n=8, red), minor 
findings (n=367, grey), and normal (n=631, white). CT, computed tomography.
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Discussion 

Using a large academic institutional EHR collected over  
8 years, we investigated the real-world utilization of chest 
CT scans and diagnostic outcomes in chronic cough 
patients with normal chest X-rays. Despite normal X-rays, 
chest CT scans were frequently prescribed to chronic cough 
patients (20%). Abnormalities were observed in 37.3% of 
CT scans, but the critical findings that warrant immediate 
treatment decisions, such as malignancy or infection, were 
identified in less than 1%. An association with cough 
was unclear in the minor findings (36.5%). Based on the 
diagnostic yield and potential radiation harm, a routine 
chest CT scan may not be warranted in chronic cough 
patients with normal chest X-rays.

The decision to prescribe a chest CT scan can depend 
on several factors, including patient characteristics, medical 
needs, and referral and insurance coverage system. In 
this study utilizing the RCD of a tertiary allergy and 
asthma clinic, we first analyzed patient characteristics 

associated with the decision of the allergy or pulmonology 
specialist physicians to conduct a CT scan. We observed 
that CT scans were significantly associated with longer 
cough duration, older age, male sex, smoking history, 
history of lung parenchymal diseases, and non-respiratory 
comorbidities such as malignancy. The reasons for the 
associations are not clear, but it may be partly because such 
factors are perceived as risk factors of malignancy and they 
may influence patient preferences and physician decision. 
These findings represent baseline factors influencing a 
physician to prescribe chest CT scans (Table 1). However, 
none of these factors were specifically associated with the 
presence of major abnormal findings (vs. normal or minor 
findings) (Table 2). Our analyses were based on routinely 
collected parameters, and there may be unmeasured factors 
that could predict critical outcomes on CT scans; however, 
the diagnostic yield for malignancy or infection was less 
than 1%, and the gap between the decision of the physician 
and major CT findings may indicate the need to identify 
predictors to guide prescription of CT scans in patients 
with normal chest X-rays.

Several outcomes are relevant in the decision-making for 
diagnostic tests, such as (I) diagnostic yield, (II) sensitivity 
and specificity, and (III) impact on treatment decisions or 
outcomes. In this study, we calculated the diagnostic yield of 
a chest CT scan for malignancy or infection (defined “major 
abnormal findings”). Given the difficulty in determining 
causal relationships between CT findings and cough 
outcomes, setting “reference standards (such as abnormal 
CT findings causally related to cough)” is challenging and 
thus may not be ideal for utilizing sensitivity and specificity 
in clinical decision-making. The impact on treatment 
decisions has been evaluated by Descazeaux and colleagues 
in France (14), who found that chest CT scans had an 
impact on chronic cough management among only 3.0% 
of 595 patients with normal chest X-rays, leading to cough 
improvement in 1.5%. Although different outcomes were 
utilized, our findings align with the French study (14) in 
that the diagnostic yield for critical findings that warrant 
immediate treatment decisions may be low if patients have 
normal chest X-rays. 

In our view, the clinical decision to prescribe a chest CT 
scan despite a normal chest X-ray should be personalized. In 
addition to the French study, our findings suggest that the 
diagnostic yield for medically critical conditions can be as 
low as 1%. However, health concern substantially impacts 
the QoL of chronic cough patients (4); in this regard, a 

Table 2 Chest CT findings in chronic cough patients with normal 
chest X-rays

CT findings
Proportion of  

patients, n=1,006 (%)

Major findings

Pneumonia 4 (0.4)

Pulmonary tuberculosis 2 (0.2)

Lung cancer 2 (0.2)

Minor findings

Fibrocalcified lesion/focal fibrosis 69 (6.9)

Noncalcified nodule/benign small 
infiltrates

59 (5.9)

Subsegmental atelectasis 59 (5.9)

Bronchial wall thickening 45 (4.5)

Bronchiectasis 41 (4.1)

Ground glass opacity 27 (2.7)

Calcified nodule/calcified granuloma 25 (2.5)

Emphysema 23 (2.3)

Bulla 13 (1.3)

Pleural thickening/pleural plaque 5 (0.5)

Subpleural reticular opacity 1 (0.1)

CT, computed tomography.
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Table 3 Comparison of patient characteristics according to chest CT findings

Parameters Major CT findings (n=8) Minor CT findings (n=367) Normal CT (n=631) P value

Cough duration (months) 6.5 [3–12] 8 [3–12] 7 [3–12] 0.674

Age (years) 57.5±12.9 56.8±12.6 57.5±11.7 0.710

Female sex, n (%) 5 (62.5) 208 (56.7) 377 (59.7) 0.611

Current or former smokers, n (%) 1 (14.3) 122 (33.2) 208 (33.0) 0.576

Physician-diagnosed history, n (%)

Respiratory disease 2 (25.0) 141 (38.4) 266 (42.2) 0.363

Allergic rhinitis 0 (0.0) 16 (4.4) 50 (7.9) 0.069

Chronic rhinosinusitis 2 (25.0) 69 (18.8) 123 (19.5) 0.792

Asthma 1 (12.5) 72 (19.6) 122 (19.3) 0.977

Chronic obstructive pulmonary disease 0 (0.0) 9 (2.5) 18 (2.9) 0.872

Bronchiectasis 0 (0.0) 4 (1.1) 7 (1.1) 1.000

Pulmonary tuberculosis 0 (0.0) 1 (0.3) 6 (1.0) 0.464

Interstitial lung disease 0 (0.0) 8 (2.2) 6 (1.0) 0.250

Non-respiratory disease

Gastroesophageal reflux disease 2 (25.0) 45 (12.3) 83 (13.2) 0.418

Malignancy 1 (12.5) 21 (5.7) 124 (19.7) <0.001

Hypertension 2 (25.0) 103 (28.1) 182 (28.8) 0.947

Diabetes mellitus 0 (0.0) 36 (9.8) 75 (11.9) 0.469

Concomitant symptoms, n (%)

Abnormal throat sensation* 8 (100.0) 279 (76.0) 45 (71.5) 0.063

Sputum production 5 (62.5) 242 (65.9) 381 (60.4) 0.193

Postnasal drip/throat clearing 4 (50.0) 129 (35.2) 198 (31.4) 0.264

Rhinorrhea 2 (25.0) 97 (26.4) 201 (31.9) 0.210

Nasal obstruction 4 (50.0) 74 (20.2) 138 (21.9) 0.114

Dyspnea 0 (0.0) 72 (19.6) 192 (30.4) <0.001

Wheeze 0 (0.0) 71 (19.4) 127 (20.1) 0.501

Hoarseness 2 (25.0) 40 (10.9) 66 (10.5) 0.315

Throat pain 0 (0.0) 35 (9.5) 66 (10.5) 0.857

Heartburn 1 (12.5) 75 (20.4) 118 (18.7) 0.755

Acid regurgitation 2 (25.0) 54 (14.7) 83 (13.2) 0.358

Data were presented as mean ± standard deviation, median [interquartile range], or number (percentages). *, globus, tickling, or dryness. 
CT, computed tomography.

chest CT scan to exclude critical lung diseases could help to 
reduce health anxiety and improve their health-related QoL. 
Also, early diagnosis of hidden critical lung lesions through 
chest CT scans may improve the prognosis of patients with 

chronic cough, especially those with lung cancer, which 
would be additional benefit of CT scan beyond etiological 
evaluation. Thus, the choice of chest imaging modality may 
depend on clinical context. Meanwhile, a modeling study in 
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the USA reported that lung cancer was estimated to be the 
most common projected radiation-related cancer, the future 
risk of which can be three times higher in females than in 
males (11). Utilizing the cohort database, we investigated 
the real-world application pattern and diagnostic outcomes 
of chest CT scans in chronic cough patients with normal 
chest X-rays. Further studies are warranted to develop 
clinical evidence to guide the decision making on chest CT 
scans.

Several limitations of our study should be taken into 
consideration. Firstly, this is a retrospective analysis of 
routinely collected healthcare data at a tertiary institution 
in South Korea. Therefore, the external validity may be 
limited. However, the findings were derived from allergy 
and asthma clinics, not specialist cough clinics, and thus 
may be extrapolated to a similar setting. Secondly, there is 
a risk of misclassification because the baseline parameters 
were collected during routine practice and relied on patient 
reporting. Additionally, there was no information on 
physical examination findings in a structured case report 
form. Third, our classification of chest CT findings (major 
or minor) was arbitrary, and we could not confirm causal 
relationships between CT findings and chronic cough. To 
our knowledge, there is no consensus on how to classify 
CT findings in relation to cough causes and outcomes. 
We presented the absolute number of each finding for 
future use in secondary analyses such as meta-analyses. 
Fourth, we could not differentiate patients with refractory 
chronic cough in this RCD. Further studies are warranted 
to evaluate benefits of chest CT scans in patients with 
refractory chronic cough, including etiological confirmation 
and psychological impact. Despite these limitations, the 
present study is the largest analysis to date, and also assessed 
the patient factors associated with CT utilization (practice 
pattern) and diagnostic outcomes. 

Conclusions

In conclusion, although chest CT scans are frequently 
prescribed for chronic cough patients with normal chest 
X-rays, the diagnostic yield for malignancy or infectious 
diseases may be very low (<1%). Given the potential 
radiation harm, routine chest CT scans may not be 
warranted for all chronic cough patients with normal chest 
X-rays. Further studies are warranted to develop clinical 
evidence to guide the use of chest CT scans in these 
patients.
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Table S1 Baseline characteristics of patients with normal and abnormal chest X-ray in chronic cough

Characteristics
Patients with normal chest X-ray 

(n=5,038, 85.2%)
Patients with abnormal chest X-ray 

(n=873, 14.8%)
P value

Cough duration (months) Median 6 (IQR, 3–12) Median 7 (IQR, 3–12) 0.013

Age (years) 51.2±15.6 62.2±12.5 <0.001

Female sex (%) 64.6% 57.0% <0.001

Smoking history (%)

Never smoker 70.9% 62.1% <0.001

Former smoker 17.4% 27.5% <0.001

Current smoker 8.8% 8.3% 0.598

Physician-diagnosed history 

Respiratory disease (%)

Allergic rhinitis 12.1% 7.1% <0.001

Chronic rhinosinusitis 18.7% 17.1% 0.263

Asthma 21.5% 21.2% 0.839

Chronic obstructive pulmonary disease 1.4% 6.1% <0.001

Bronchiectasis 0.3% 2.5% <0.001

Pulmonary tuberculosis 0.2% 1.5% <0.001

Interstitial lung disease 0.4% 1.8% <0.001

None 56.6% 55.0% 0.383

Non-respiratory disease (%)

Gastroesophageal reflux disease 10.3% 7.8% 0.021

Malignancy 6.9% 9.4% 0.007

Heart failure 0.4% 0.3% 0.696

Hypertension 22.0% 31.4% <0.001

Diabetes mellitus 8.1% 13.6% <0.001

None 62.8% 52.7% <0.001

Concomitant symptoms (%)

Abnormal throat sensation* 72.7% 68.3% 0.008

Sputum 60.1% 70.7% <0.001

Postnasal drip/throat clearing 38.4% 29.9% <0.001

Rhinorrhea 33.3% 35.1% 0.308

Sneeze 31.5% 28.4% 0.068

Nasal obstruction 27.2% 18.4% <0.001

Dyspnea 24.7% 35.1% <0.001

Wheeze 18.1% 25.7% <0.001

Table S1 (continued)
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Table S1 (continued)

Characteristics
Patients with normal chest X-ray 

(n=5,038, 85.2%)
Patients with abnormal chest X-ray 

(n=873, 14.8%)
P value

Hoarseness 11.5% 12.5% 0.398

Throat pain 11.1% 9.5% 0.154

Heartburn 19.3% 18.4% 0.537

Acid regurgitation 16.2% 12.3% 0.003

Data were presented as mean ± standard deviation, median (interquartile range), or percentages. *, globus, tickling, or dryness. IQR, 
interquartile range. 


