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Thoracic computed tomography measures 
have predictive value in the diagnosis of 
chronic obstructive pulmonary disease

Abstract

Chronic Obstructive Pulmonary Disease (COPD) is diagnosed with pulmonary function tests (PFTs). However, 
since not all patients can be diagnosed with PFTs, some are diagnosed with radiological or clinical findings. 
The purpose of this study was to define the properties of obstructive airway disease through thoracic computed 
tomography (CT) and to identify the diagnostic efficacy of CT findings. A total of 160 patients who underwent 
PFT and thoracic CT assessment July 2018 - January 2019, were retrospectively analyzed. Based on PFT findings, 
patients were categorized into three groups as having normal, restrictive or obstructive airways. Age, height, 
weight, and body mass indexes of the groups were recorded. Pulmonary height, width, right-left hemi-diaphragm 
height, sterno-diaphragmatic angle and retrosternal transparent area length in axial sections were also recorded. 
Diagnostic efficacies of these parameters in the detection of obstructive airway disease were measured. Of the 
160 patients (109 males, 51 females; mean age = 59.5), 91 (56.9) had normal PFT, 58 (36.2%) had obstructive and 
11 (6.9%) had restrictive airway disease. Pulmonary height, width, sterno-diaphragmatic angle, and retrosternal 
transparent area length were significantly higher in patients with obstructive airway disease while the right-left 
hemi-diaphragm height was significantly lower (p<0.001). About 60-75% sensitivity and specificity were obtained 
when identifying the obstructive airway disease with these parameters. These values obtained from the axial and 
sagittal sections could contribute to the diagnosis of obstructive airway disease.
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Introduction
Chronic Obstructive Pulmonary Disease (COPD) 
is a common preventable and treatable disease 
characterized with airflow restriction and 
respiratory symptoms arising from airways 
and/or alveolar anomalies generally induced 
by serious exposure to harmful particles or 
gases [1]. COPD is a leading cause of morbidity 
and mortality worldwide. Its prevalence 
has increased over years with the increasing 
exposure to risk factors and the ageing of 
population [2]. Although findings of COPD is 
deemed to be irreversible, it has been shown that 
progression of the disease can be prevented and 
health outcomes could be improved with early 
diagnosis.  

Presence of symptoms is not always essential for 
the diagnosis of COPD. Rather, it is important 

to show exposure to risk factors and airflow 
restriction with pulmonary function testing 
(PFT). While chest radiography is the initial 
radiological inspection in the assessment of 
patients, it has low specificity and sensitivity 
values in the diagnosis of COPD (particularly in 
emphysema) [3].

Today, exposure to radiation has decreased with 
shortened duration of radiological examinations 
and it has become easier to assess the prevalence 
and anatomic distribution of parenchyma, 
particularly with thoracic computed tomography 
(CT) [4].

The relationship between the diagnosis of 
COPD and thoracic CT findings that include air 
trapping, bronchial wall thickness, tree-in-bud 
appearance, and thoracic cage ratios, has been 
identified in several research [5–9]. In this study, 

Figure 1. Measurements of pulmonary height, width, right-left hemi-diaphragm height, sterno-diaphragmatic 
angle in sagittal sections of thoracic CT of a patient with COPD.
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1. Pulmonary height 84 

2. Pulmonary width 85 

3. Right-left hemi-diaphragm height 86 
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we compared the thoracic CT findings of patients 
with normal PFT compatible with obstruction in 
order to determine the diagnostic efficacy of CT 
in COPD. 

Materials and Methods
The study protocol was approved by the local 
Ethics Committee for Clinical Research (2019/04-
10). 

A total of 160 patients who underwent PFT 
and thoracic CT July 2018 - January 2019 were 
assessed retrospectively. PFT values of the 
patients were evaluated based on the GOLD 
guide to categorize the patients in 3 groups as 
having normal, restrictive or obstructive airways. 

Age, height, weight, and body mass index (BMI) 
of the groups were recorded.

Acquiring Thoracic CT images:

Images of the patients were acquired with the 
16-detector Siemens SOMATOM Sensation 16 
(Forchheim, Germany) CT device used in the 
Radiology Unit (tube voltage= 120 kV, effective mAs 
= 90, slice thickness 5 mm, collimation = 2×4 mm, 
pitch = 1.6).

Analysing the images:

The measures were taken with Syngo (Siemens 
Medical Solutions) software at workstation in 
thoracic CT inspections without notice of PFT 

Figure 2. Measurements of pulmonary height, width, right-left hemi-diaphragm height, sterno-diaphragmatic 
angle in sagittal sections of thoracic CT of a person without COPD.
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values upon the consensus of two radiologists 
with a minimum 5-year experience in the 
profession.  

In sagittal sections;

1. Pulmonary height

2. Pulmonary width

3. Right-left hemi-diaphragm height

4. Stero-diaphragmatic angle measurements 
were performed (Figure 1,2). 

In axial sections, retro-sternal transparent area 
length was recorded (Figure 3).

Patients with normal PFT testing findings 
and restrictive pattern and patients with 
obstructive pattern were compared in terms 
of these parameters in order to find out their 
diagnostic efficacy in the detection of obstructive 
airway disease. Mediastinum and parenchymal 
windows of the patients were also analyzed 
to see whether emphysema, bronchiectasis, 
peribronchial thickening, mucus seal and air 
trapping were present and the findings were 
recorded.

Results
Of the 160 patients included in the study, 109 were 
male and 51 were female. 91 (56.9%) had normal 
PFT, 58 (36.2%) had obstructive and 11 (6.9%) 
had restrictive airway disease. Comparison of 
the demographical data of the patients revealed 
that the mean age of the patients who had 
obstructive type of disease was significantly 
higher than the patients who didn’t have such 
disease (p<0.001). BMI was also significantly 
higher in the obstructive group compared to 
the non-obstructive group (p=0.014). There was 
no significant difference in other demographical 
data (Table 1). 

Compared to the patients with normal and 
restrictive PFT findings, the group with an 
obstructive airway disease had significantly 
higher mean values pulmonary height, width, 
sterno diaphragmatic angle, and retrosternal 
transparent area length while the group’s mean 
right-left hemidiaphragm height was statistically 
significantly lower (p<0.001, Table 2). 

About 60-75% sensitivity and specificity were 
obtained when identifying the obstructive 

Figure 3. Retro-sternal transparent area length measurement in axial section.
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airway disease with these parameters. 

Parenchymal and mediastinal analysis revealed 
emphysema in 33 patients (20.6%). 22 of these 
patients were in the obstructive group (p<0.001). 
Among other findings, bronchiectasis was found 
in 21 patients (13.1%). 14 of these patients were 
in the obstructive group (p=0.002). Similar to 
emphysema, the ratio of patients diagnosed with 
peribronchial thickening (31.3%), air trapping 
(40%) and mucus seal (15%) was significantly 
higher in the obstructive group (p<0.001, Table 
3).

While the highest sensitivity was found with 
pulmonary height (74.1%) and pulmonary width 

in ROC (Receiver Operating Characteristic) 
analysis, the highest specificity was found with 
the right hemidiaphragm height with a rate of 
67.6%. Positive predictive values (PPV) of the 
findings were close to each other with a mean 
rate of 53%. When negative predictive values 
(NPV) were studied, they were measured around 
80% in all findings, with the left hemidiaphragm 
had the highest value (81.9%). Besides, under the 
curve areas of these parameters, i.e. AUC values 
were between 0.690-0.739 and comparison of 
AUCs did not reveal any statistically significant 
difference (p=0.241). All ROC analysis findings 
are shown in Figure 4 and Table 4.

Table 1. Demographical features of the patients.
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Table 1. Demographical features of the patients 118 

 Total Obstructive Airway Disease p value 

  Yes No  

Number 160 58 102  

Age 50.4 ± 14 (23-90) 64.3 ± 9 (44-88) 56.7 ± 14 (31-87) <0.001 

Sex Male    <0.002 

Male 109 48 61  

Female 51 10 41  

Height (cm) 167.4 ± 8.7 (150-195) 163.8 ± 7.6 (145-178) 162.4 ± 10.4 (137–
192) 0.397 

Weight (kg) 83.4 ± 11.9 (53-140) 75.0 ± 15.1 (64.5-108) 79.9 ± 16.9 (51-137) 0.067 

BMI 29.5 ± 6.2 (18.9–55.68) 30.4+ 6.6 (18.9-55.8) 27.9 ± 52 (19.2-44.3) 0.014 
Abbreviations: BMI = Body mass index. 119 

 120 

Compared to the patients with normal and restrictive PFT findings, the group with an obstructive airway 121 

disease had significantly higher mean values pulmonary height, width, sterno diaphragmatic angle, and 122 

retrosternal transparent area length while the group’s mean right-left hemidiaphragm height was 123 

statistically significantly lower (p<0.001, Table 2).  124 

 125 

Table 2. Comparison of the parameters measured with Thoracic CT. 126 

 Total Obstructive Airway Disease p value 

  Yes No  

Number 160 58 102  

Pulmonary height 19.6 ± 2.9 (11.7-26) 21 ± 26 (13.7-26) 18.8 ± 2.8 (11.7-23.8) <0.001 

Pulmonary width 18.3 ± 19 (14.5-23.7) 19.4 ± 1.8 (14.5-23.7) 17.7 ± 1.7 (14.7-23) <0.001 

R hemi. height 37 ± 12.2 (8-71) 30.6 ± 14.1 (8-67) 40.7 ± 9.2 (19-71) <0.001 

L hemi height 31 ± 11.3 (7-67) 25 ± 11.9 (7-57) 34.5 ± 9.4 (11-67) <0.001 

R sterno. angle 63.2 ± 16.6 (26-169) 68.8 ± 15.5 (26-96) 60 ± 16.4 (30-169)  0.001 

L sterno. angle 68.3 ± 16.9 (28-145) 74.3 ± 16.8 (28-96) 64.9 ± 16.1 (31-145)  0.001 

R sterno. angle 10.6 ± 6.7 (4-46) 14.9 ± 8.3 (4-46) 8.1 ± 3.3 (4-20) <0.001 

Abbreviations: Hemi = hemidiaphragm; sterno= sterno-diaphragmatic. 127 
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Abbreviations: BMI = Body mass index.
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Discussion
COPD is a leading health issue in terms of 
mortality, morbidity, and economic losses today. 
While investigation of new drugs and methods 
for the treatment of the disease continues, 
methods to be used in early diagnosis of the 
disease are under development. Early diagnosis 

and treatment are two major factors affecting 
the prognosis of the disease [2,3]. Being non-
invasive, inexpensive and easily applicable in 
monitoring of the treatment, pulmonary function 
tests (PFTs) are among the main methods used 
in the diagnosis of COPD. So, they are primarily 
preferred in the phasing of the disease [3]. While 

Table 3. Comparison of the findings obtained from the mediastinum and parenchymal window images of the patients.
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 Total Obstructive Airway Disease p value 
  Yes No  
Emphysema    <0.001 
Yes 33 22 11  
No 127 36 91  
Bronchiectasis    0.002 
Yes 21 14 7  
No 139 44 95  
Peribronchial Thick.    <0.001 
Yes 50 30 20  
No 110 28 82  
Air Trapping    < 0.001 
Yes 64 37 27  
No 96 19 75  
Mucus Seal    <0.001 
Yes 24 20 4  
No 136 38 98  

Abbreviations: Thick = thickening. 139 
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 Figure 149 

4. ROC analysis graphics. 150 

Table 4. ROC analysis findings 151 

 AUC Threshold Value Sensitivity 
(%) 

Specificity 
(%) 

PPV 
(%) 

NPV 
(%) 

Pulmonary height 0.717 19.6 74.1 59.8 51.2 80.3 

Pulmonary width 0.736 18.3 74.1 61.7 52.4 80.8 

R hemi. height 0.735 36 70.6 67.6 55.2 80.2 

L hemi. height 0.749 31 74.1 66.6 55.8 81.9 

R sterno. angle 0.699 62 72.4 61.7 51.9 79.9 

L sterno. angle 0.690 69 65.5 63.7 50.7 76.5 

Retro-sternal 
transparent a. 0.739 8 68.9 64.7 52.6 78.6 

Abbreviations: Hemi = hemidiaphragm; sterno = sterno-diaphragmatic; a = area. 152 

Figure 4. ROC analysis graphics.
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PFT is deemed to be the gold standard, it has 
been suggested in a study that its rate of accuracy 
in the detection of the disease is between 62-
64% when PFT values are considered together 
with clinical findings according to ATS and 
ERS guidelines [10]. While chest radiography 
is significant in the detection of additional 
parenchymal pathologies such as pneumonia, 
solitary pulmonary nodule, and pulmonary 
embolism, it is a method with low specificity 
and sensitivity in the diagnosis of COPD 
(particularly in emphysema) [11]. However, 
chest radiography will be a useful and primarily 
preferred method particularly in the differential 
diagnosis of COPD exacerbation, heart failure 
or acute pathologies like pneumothorax [12]. 
Vascular changes and hyperinflation are the 
most important indicators in chest radiography. 
The most radiologically reliable indicator of 
hyperinflation is the flattening of the diaphragm. 
This finding is also correlated with the degree of 
narrowing in airways [13,14]. 

Retro-sternal area above 2.5 cm, a pulmonary 
height >30 cm, long and narrow heart shape 
and enlarged costophrenic angle also support 
the presence of emphysema [15]. Despite all 
these, chest radiography is basically a method 

supporting diagnosis rather than being a 
diagnostic method. Thoracic CT is a method that 
is much more sensitive and specific than standard 
chest radiography [16–18]. Two basic methods as 
the visual method and quantitative assessment 
are used for the diagnosis of emphysema in 
CT. Correlation between visual assessment and 
histopathological assessment of emphysema 
has been shown by several studies in previous 
years [19–21]. There are also studies in which the 
detection of emphysema by quantitative CT is 
associated with PFT [22,23].

Sakai et al., carried out a study based on these 
criteria, where they used the observation 
method based on the prevalence and severity 
of emphysema and showed that there was a 
strong correlation between visual scoring values 
and PFT [24]. However, visual assessment has 
some disadvantages like subjectivity and the 
effects of observer’s experience and different 
window settings on interpretation [25]. Thoracic 
CT and quantitative assessment are in parallel 
with technological developments. In a study 
conducted by Nakano et al. on 114 smokers, it 
was showed that there was a correlation between 
the right lung upper lobe segment bronchial 
diameter thickness and the narrowing in airways 

Table 4. ROC analysis findings.

Abbreviations: Hemi = hemidiaphragm; sterno = sterno-diaphragmatic; a = area.
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[26].  In another study, by examining thoracic CT 
scans taken for lung cancer screening, patients 
were evaluated for COPD and concluded that 
inspiratory thoracic CT biomarkers alone may 
be sufficient to identify patients with COPD [18].

In a study conducted by Hightower et al., 
PFT-diagnosed obstruction was found 
to be significantly correlated with sterno 
diaphragmatic angle and hemidiaphragm 
assessment among the quantitative assessments 
[27]. In the same study comparing the 
qualitative and quantitative measurements 
with regards to their demonstration of the 
presence of obstruction, specificity of qualitative 
measurements was over 90% while it changed 
between 80-90% in quantitative measurements. 
On the other hand, sensitivity was not high in 
either measurement [27]. Unlike that study, we 
found that pulmonary height and pulmonary 
width had the highest sensitivity with a rate of 
74.1%, and right hemidiaphragm height had the 
highest specificity with a rate of 67.6%. 

Mild and moderate emphysema cases are 
relatively asymptomatic. There is a mild 
difficulty in breathing in these patients yet 
coughing and phlegm are less than chronic 
bronchitis. Therefore, patients underestimate 
these symptoms and most of them spend many 
years without presenting to a hospital. Hence, 
early diagnosis rate of the disease decreases 
[24,28,29]. PFT cannot directly reveal emphysema 
when measuring pulmonary volumes, flow rates 
and the severity of obstruction. While many 
parameters in PFT reflect airway obstruction, 
they cannot show the parenchymal loss caused 
by emphysema. PFT can even display normal 
findings in the presence of the disease [24,30]. In a 
study evaluating the contribution of emphysema, 
air trapping and airway wall thickness measured 
by CT to lung functions, it was determined that 
each measurement contributed to a different 
PFT parameter [31]. In our study, thoracic 
CT findings of 33 of the 160 patients revealed 
emphysema. PFT of 2/3 of these 33 patients were 
obstructive (p<0.001). However, there were 11 
more patients with normal PFT yet emphysema 
in thoracic CT. This showed that we could use 
thoracic CT to reveal the presence of emphysema 
in patients prior to the disruption of values in 

PFT. Indeed, thoracic CT has been reported to 
be the most effective method in the diagnosis 
of emphysema [22,32,33]. In a study conducted 
by Lakadamyali et al., patients underwent high 
resolution computed tomography (HRCT) to 
find out whether emphysema as a finding of 
COPD was present or not; and findings such 
as bronchiectasis, peribronchial thickening, air 
trapping and mucus seal were not included in 
the study [12]. In our study, all above-mentioned 
findings including emphysema were found to be 
significantly higher in the obstructive group. 

Conclusion
In conclusion, early diagnosis and treatment 
of COPD is important for the reduction of 
mortality, morbidity, and treatment expenses. 
As obstructive changes do not occur in early 
stage in PFT, thoracic CT assessment of patients 
with suspected clinical findings could be helpful 
in early diagnosis. Although the high cost of 
PFT makes it difficult to be requested for each 
patient, we consider it to be advantageous in the 
reduction of annual loss of FEV1 as the diagnosed 
person will quit smoking and receive treatment. 
PFT could also be helpful in the detection of 
other findings that might be added to COPD. 

Limitations: The main limitations of our study 
are its retrospective nature and the relatively 
small number of patients. In addition, although 
HRCT was generally used in previous similar 
studies, we used thorax CT and we did not take 
inspiration-expiratory measurements.
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