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Abstract

Introduction: Chronic obstructive pulmonary disease (COPD) in smokers is a large burden among chest diseases. IT can be
evaluated by spirometry, chest X-ray, and high-resolution computed tomography (HRCT) chest. Spirometry pulmonary function
test (PFT) can be done as a screening test of COPD. PFT only tells the airflow limitation, both in restrictive and obstructive
lung pathology. Chest radiographs are usually normal in milder forms. Although with the radiation exposure risk, HRCT chest
is another modality that can be utilized, even in patients who are unfit for PFT.

Materials and Methods: We studied 100 smokers diagnosed with COPD initially by spirometry. Parameters of forced expiratory
volume (FEV)1/forced vital capacity (FVC), FEV1 and FVC were observed. Subsequently, HRCT chest was done, who has
been referred from chest outpatient department and variables of emphysema and bronchitis were looked upon — tracheal
index (TI), thoracic cage ratio (TCR), sterno-aortic distance (SAD), hyperinflation, tubular heart, types of emphysema and
mosaic attenuation. The minimum and maximum values in the data were also tabulated. Calculation of correlation, and their
significance done. Data were analyzed with various scatter graph, pie charts, and correlations done using Karl Pearson’s method.
Descriptive statistics included calculation of mean, median, and standard deviation for various data including age distribution
of the study population, range of FEV1, grading of severity of COPD as per global initiative for chronic obstructive lung disease
2019 Guidelines, HRCT parameters including.

Results: CT is more sensitive to diagnose milder forms of emphysema and to determine the type and its extent. Karl’'s Pearson’s
correlation results show that there is a high degree of positive correlation between Tl and FEV1, moderate negative correlation
between TCR and FEV1, high degree of negative correlation between SAD and FEV1 (P < 0.001). Using Chi-square test, Tl
has a moderate degree of positive correlation with FEV1/FVC with P <0.001 HS.

Conclusion: In the present study, HRCT chest can be a great tool to evaluate the COPD at an early stage apart from the level
of obstruction, extent of involvement, and characterizing the disease. PFT is not possible in uncooperative patients and less
sensitive in early stages. HRCT chest is problem solving tool in such scenario and helps to reduce to disease burden by early
intervention, thereby reducing the prevalence of terminal lung failure cases.
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which usually shows insignificant findings in milder
degree, Spirometry pulmonary function test (PFT) can
be done as a screening test of COPD. PFT only tells the
airflow limitation, both in restrictive and obstructive lung
pathology. Furthermore, it helps in differentiating Asthma
from COPD. Physiologic indices include forced expiratory
volume (FEV), forced vital capacity (FVC), maximum mid-
expiratory flow, residual volume, and nitrogen washout
tests, to study the physiologic expression of lesions of the
small airways (Petty ez a/. 1980, 1984, 1987). Progressive
grades of emphysema were associated with reductions
in FEV. The lesion of mucous gland hyperplasia (i.e., the
Reid index; Reid 1960) did not have a close correlation
with airflow measurements. Dynamic airway collapse of
the central airways was related to reductions in FEV1.
Another imaging modality is high-resolution computed
tomography (HRCT) scan which helps to support the
diagnosis of COPD or determine if the disease has
worsened. CT images can identify emphysema better and
atan eatlier stage than a chest X-ray. They can also identify
other changes of COPD such as enlarged arteries in the
lungs. CT is sometimes used to measure the extent of
emphysema within the lungs. It can also help determine if
the symptoms are the result of another disease of the chest.
Two phenotypes are seen on HRCT in patients of COPD-
emphysema predominant disease and airways disease.
Most common lung findings noted on the HRCT scan is
emphysema. It is divided into three types: Centrilobular
emphysema, Panlobular type and Paraseptal type.

“Bullous emphysema” is another variant larger than
1 cm. COPD is a highly heterogenous disease in terms
of clinical presentation and diseases characteristics.
Defining it by spirometry alone is difficult as it tells only
the airflow limitation, hence HRCT scan is needed to see
the level of obstruction, extent of involvement and disease
characteristic. Furthermore, it rule out the other diagnosis
and helps us reach at specific diagnosis.!'”

Aims and Objectives

® To determine Spirometric finding in smokers with
COPD

® To evaluate HRCT finding in smokers with COPD

® 'To establish the correlation between the two modalities.

MATERIALS AND METHODS

The present study is a Cross-sectional descriptive type on
100 patients in the 1.8 years among smokers diagnosed with
COPD on spirometry (screening test) who were referred
from the department of tuberculosis and Chest to the
Department of Radiodiagnosis of Dr. BR.A.M Hospital
for HRCT scan. All patients of age group >40 years were

included with a history of smoking for at least 10 years
and diagnosed as COPD on spirometry, giving written
consent for HRCT scan. Patients <40 years, unstable cyclic
vomiting syndrome status, acute symptoms were excluded
from the study.

Step 1 - Spirometry

On spirometry:

e FEV1/FVC <0.70 (Post bronchodilatot) confirms the
air flow limitation

e FEVI1-Volume of air exhaled in the 1% s of this maneuver

o FVC-Maximum volume of air that can be exhaled after
full inspiration

® Ratio of this parameter is calculated.

Then COPD is graded as per global initiative for obstructive
lung disease (GOLD) 2019 guidelines.

Step 2 - HRCT Scan

® The study was carried out on “Siemens Somatome
Definition as + 128 Slice Single Source Computed
Tomography Scanner and Easy On-PC Spirometer
2700-1-01, SN-211811 TO Flow/NDD Medintednik
Switzerland” in the Department of Radiodiagnosis,
Pt. J. N. M. Medical College, Raipur (C.G.).

Technique

® Slice thickness: Thinnest available (0.5—1.5 mm)

® Reconstruction algorithm: High spatial frequency or
sharp algorithm

e Kvp 120,250 mAs, rotation scan time of 0.3-0.5 s, Pitch
of 1-1.5, in the supine position and full inspiration,
axial plane acquisition with (recon) reconstruction in
MPR, MIP and in oblique planes.

® [xpiratory imaging: Post expiratory scans at three or
more levels in patient with obstructive disease

e window mean/width value of -600-700
HU/1000-1500 HU.

Parameters

® Trachealindex (TT): (Ratio of transverse to anteropostetior
[AP] diameter of trachea 1 cm above the aortic arch).
When TT is <0.67, it is known as saber sheath trachea

® Thoracic cage ratio (TCR): (Ratio of AP to transverse
diameter at carina) and 5 cm below the carina. It is
usually >0.75 in emphysema.

e Sterno-aortic distance (SAD): (Distance from the
posterior surface of the sternum to anterior margin
of the aorta at the level of the carina. It is =4

® Mosaic attenuation

® Other features such as bronchiectasis, cysts, bullae,
pulmonary hypertension, evidence of fibrosis, and
mediastinal lymphadenopathy, etc. are assessed.
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Step 3 - Data Collection Done on Excel Sheet

Values were then filled in an ‘Excel Sheet’. These values
are then selected and formatted in table forms for further
analysis. Tables 1-3.

Step 4 - Statistic Analysis

Calculation of correlation, and their significance done.
Various scatter graphs and pie charts are obtained
showing the correlations using Karl Pearson’s correlation.
Descriptive statistics included calculation of mean, median,
and standard deviation for various data including age
distribution of the study population, range of FEVI,
grading of severity of COPD as per GOLD 2019
Guidelines, HRCT parameters including T1, TCR, SAD,
hyperinflation, tubular heart, types of emphysema and
mosaic attenuation [Bar Graph 1]. The minimum and
maximum values in the data were also tabulated.

RESULTS AND OBSERVATIONS

The age group of patients who participated in the
study ranges from 44 to above 85 years with Mean +
SD (62.08 £ 9.88). Maximum patients fall in the age
group of 51-70 years followed by 41-50 years [Pie
Chart 1] and [Table 1]. In the age group of 51-60 years,
maximum patient comes under moderate grade of
COPD and in the age group of 61-70 years, maximum
patients were in grade IV of GOLD guideline. Age is
significantly associated with severity of FEV1 [Bar
Graph 2].

Statistical representation of chi-square test in relation
to Karl Pearson coefficient showing Pearson Chi-

Figure 1: Showing different types of emphysema (a)
Centrilobular type. (b) Panacinar type. (c) Paraseptal type. (d)
Scan showing bullous predominant emphysema

square (0.6702) with coefficient of 0.80, P < 0.001 HS
indicating high degree of positive correlation between
age and T1L.

Statistical representation of Chi-square testin relation to Karl
Pearson coefficient showing Pearson Chi-square (0.4861)
with coefficient of —0.70, P < 0.001 HS indicating high
degree of negative correlation FEV1 and SAD.

Statistical representation of Chi-square test in relation
to Karl Pearson coefficient showing Pearson Chi-square
(0.1972) with correlation coefficient of —0.440, P <
0.001[Bar Graph 3] HS indicating moderate degree of
negative correlation FEV1 and TCR Table 4.

DISCUSSION

COPD is an old age discase associated with prolonged
exposure to smoke and noxious particles. Breathlessness is

Tracheal index-1.74/1.8=0.9 TCR-.47

Figure 2: 70-year male with shortness of breath and cough
with sputum production since 1 month. On spirometry-forced
expiratory volume (FEV)1 is 85% of predicted value and FEV1/

forced vital capacity -0.68, came under global initiative for

obstructive lung disease (GOLD) stage 1 under GOLD 2019

guideline. High-resolution computed tomography shows diffuse
bilateral centriacinar emphysema with hyperinflation
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Trachealindex-1.5/9.57=6.2 TCR-14.4/22.1=0.65

|

[ B

SAD-2.6cm

Figure 3: A 60 year male with history of smoking for 20 years, came
with shortness of breath at rest and on exertion. On pulmonary
function test-forced expiratory volume (FEV) 1-45%, FEV1/forced
vital capacity-55%, graded as global initiative for obstructive lung
disease stage 3. High-resolution computed tomography shows
hyperinflation with bilateral centrilobular emphysema

M 41-50vyears
M 51-60years
M61-70vyears
M 71-80vyears

M >80 years

Pie Chart 1: Age wise distribution of forced expiratory volume
1/forced vital capacity

found to be the most common presenting complaint and
was present in all the patients. Although a chest radiograph
is not essential in the diagnosis of COPD and has limited
sensitivity and specificity.f HRCT is preferred modality in
COPD in which emphysema/low attenuation and airway

destruction are important features.

e,
TRACHEAL INDEX 1.2/1,65=0.72

STERNOAORTIC DISTANCE-1.26cm

Figure 4: A 40 year male, with history of smoking since 10
year, now complain of shortness of breath since 1 week. On
pulmonary function test-forced expiratory volume (FEV) 1-75%,
FEV1/forced vital capacity -0.66. High-resolution computed
tomography shows para septal emphysema with diffuse mosaic
attenuation
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Bar Graph 1: Distribution of range of age group of patient
participated, forced expiratory volume 1, tracheal index,
thoracic cage ratio and sterno-aortic distance

In the present study, 90 patients had hyperinflation, and
only 40 patients showed bullae [Figure 1]. Saber sheath
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Bar Graph 2: Showing the age wise distribution of disease with
forced expiratory volume 1, Blue: Mild; Red: Moderate; Green:
Severe; Purple: Very severe

80

75 » &

S PR 2
* PR >~

70 P —

65 o’
) *
E IS
E 60
Q
<
o
g 55
g y = -0.066x + 76.38
E 50 R?=10.197

45

40

35

30 :

0 10 20 30 40 50 60 70 80 9 100
FEVI

Bar Graph 3: Graph showing the minimum range of forced
expiratory volume 1/forced vital capacity is 45 and maximum is
70, with Mean=SD (59.41+7.68)

Table 1: Distribution of HRCT parameter with
grading of COPD on basis of FEV1

Gradel Gradell Gradelll GradelV
(8) (40) (45) (7)
0.90-0.94 0.70-0.84 0.51-0.64 0.29-0.63
Thoracic cage ratio  62.9-66.0 69-73.6 71.8-76.2 74.6-76.4
Sterno-aortic distance 1.97-2.31 2.38-3.5 3.4-4.35 4.0-4.36

HRCT: High-resolution computed tomography, COPD: Chronic obstructive
pulmonary disease, FEV: Forced expiratory volume

HRCT parameter

Tracheal Index

trachea is a basically a sign of hyperinflation. Most common
type of emphysema noted in the present study was
centrilobular[Table 2] type (89%) followed by paraseptal

Table 2: Qualitative and quantitative parameter
related to different grades of COPD

Parameters Mild (8) Moderate Severe Very
(40) (45) severe (7)
Hyperinflation 5 38 40 7
Tubular heart 2 37 39 7
Mosaic attenuation 1 11 15 3
Centriacinar 6 37 40 6
Paraseptal 5 35 20 5
Panacinar 4 10 15 4
bullae 0 10 25 5

COPD: Chronic obstructive pulmonary disease

Table 3: Percentage distribution of severity of
COPD in the study

Severity n %
Mild 8 8
Moderate 40 40
Severe 45 45
Very severe 7 7
Total 100 100

Table 4: Comparison of age distribution of patient
and their correlation studied.
COPD severity Mild

Age group (44-
85 years)

Moderate Severe

41-50 years 61-70 years 51-70 years

type (67%) of patients, favoring smoking as most common
etiology.”"?

Upper lobes predominance was in agreement with Wright ez /.
and centriacinar emphysema is the commonest type. Increased
TCR was found in 11 patients. Significant SAD [Figures 2
and 3] was presented in 30 patients. Thirty patients showed
mosaic attenuation which was more |[Figure 4] pronounced
on scans obtained at end expiration compared to that found
at end inspiration. Richard Webb mentioned that pulmonary
function tests (PFT) are insensitive for the early diagnosis
of emphysema. Similarly, CT is a more sensitive measure of
mild emphysema than conventional lung function tests. CT
is undoubtedly more sensitive in diagnosis emphysema and in
determining its type and extent. If significant emphysema is
found on HRCT, no further evaluation is necessary specifically,
lung biopsy is not needed. Katl’s Pearson’s correlation results
show that there is a high degree of positive correlation
between TTand FEV1, moderate negative correlation between
TCR and FEV1, high degree of negative correlation between
SAD and FEV1 (P < 0.001).

Mean FEV1 in the present study was 56.17 £ 19.32 (range
from 20% to 88%). Reduced FEV1/FVC noted in the
study[Table 3] is 45 patients with a maximum of 70% with
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Mean + SD is 59.41 * 7.68. Using Katl Pearson coeffecient
using Chi-square test, T1 has moderate degree of positive
correlation with FEV1/FVC with P < 0.001 HS.I'*>!

CONCLUSION

In advanced stage of COPD, significant extrapulmonary
effect adds on to severity of the patients. When
diagnosed eatly, the disease burden can be minimized. In
such scenatios, HRCT stands is the modality of choice
in early detection and assessing the sevetity of COPD
Spirometry offers a convenient tool for earlier
screening of moderate to severe disease however the
heterogeneity of diseases cannot be defined by FEV1
alone. HRCT may be an important additional tool in
holistic evaluation of COPD and can be a substitute
to spirometry in patient unfit for spirometry. HRCT
can well be correlated with the spirometry finding

In the present study, the quantitative parameter
including TT, TCR, SAD, thoracic cross-sectional area
showed positive correlation with (FEV1) and (FEV1)/
FVC in spirometry.

Teaching Point

1.
2.
3.

Late stages of COPD can be screened by spirometry
Early stages need more sensitive modality: HRCT chest
HRCT can detect as well as characterize the disease
condition and helps in early treatment intervention.
Hence, it is great tool to reduce the disease burden,
especially if diagnosed early.
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