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ABSTRACT

OBJECTIVE: To determine the diagnostic accuracy of HRCT (higher resolution CT scan) in evaluation of active
pulmonary tuberculosis taking sputum AFB as gold standard. SUBJECT AND METHODS: Patients of either
gender with low grade fever, productive cough for more than 3 months and history of weight loss were included
in our study. CT scan with contrast was performed on Toshiba Aquilion with 120 KV and 250 mAs, with a high-
spatial-frequency reconstruction algorithm, Slice thickness (1mm), window length - 550 & window width 1600
and patient positioned (supine and/or prone). Diagnostic accuracy of HRCT in evaluation of pulmonary tuberculosis
was determined taking sputum AFB as gold standard. RESULTS: Mean age of the patients in our study was
33.74 £10.69 years. Seventy three (77.7%) patients were of <40 years of age, 92 (97.9%) had productive cough
while weight loss was found in 51(54.3%) patients. Sensitivity and specificity of HRCT taking AFB smear as a
gold standard was found to be 87.34% and 93.33% respectively. CONCLUSION: The diagnostic accuracy of
HRCT in evaluation of active pulmonary tuberculosis was found to be high.
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Introduction

Worldwide, 1.7 million people die of tuberculosis each
year,1 with nearly 9 x 106 new cases of active tuber-
culosis (TB) are diagnosed, rising at an alarming rate
of one percent per annum.2 Majority i.e. 95% of
tuberculosis cases and 98% of deaths due to tuber-
culosis occur in poor countries of Asia, Africa and
South America.2 Among these regions, 44% of
Southeast Asian population is tuberculosis infected.3
Microbiological detection of Acid Fast Bacillus (AFB)
remains the gold standard for diagnosis of active
tuberculosis; the sensitivity of sputum smear for AFB
is 46-74%, and that of the sputum culture is 2-95%
with active pulmonary disease.4 The national data
documents a yield of 10-22% for smear positivity in
active pulmonary tuberculosis in adults.5-6

Chest radiography remains the main imaging tech-

Correspondence : Dr. Mazhar Shafiq
Department of Radiology,

CMH Kharian Cantt.,

Pakistan.

Email: mazhardr@hotmail.com

Submitted 6 January 2019, Accepted 11 February 2019

PAKISTAN JOURNAL OF RADIOLOGY

nique in the evaluation of pulmonary TB. It is unsur-
passed in the amount of information it yields in relation
to its cost, radiation dose, availability, and ease of
performance. However, plain chest radiograph-based
diagnosis is correct in only 34% and 59% cases of
primary pulmonary TB and post primary pulmonary
TB respectively.” In one study, the sensitivity, speci-
ficity, positive predictive value, negative predictive
value and diagnostic accuracy of HRCT in detecting
disease activity were 88%, 88%, 92%, 83% and 88%,
respectively.8

More so, HRCT is more sensitive in detection of
miliary nodules,® to correlate underlying pathomor-
phological processes,10 mode of spread of the disease
and sequential morphological changes after anti-
tuberculosis chemotherapy.1! Though the chest radio-

PJR January - March 2019; 29(1) 01




graphy can demonstrate cavitation in 40-87% of
patients, HRCT chest has proved to be more accurate
in detection of cavitation, particularly in cases
complicated by extensive fibrosis and architectural
distortion.7.12,13

Although diagnostic accuracy of HRCT findings of
pulmonary TB have been described in varied inter-
national studies, a similar data in the local patients
is non-existent. By identification diagnostic accuracy
of HRCT, in appropriate clinical settings with atypical
or seemingly inactive X-ray chest features and smear
negative PTB; the clinician can reach the presumptive
diagnosis of active tuberculosis and start empirical
therapy.

Material and Methods ____

It's a descriptive cross-sectional study conducted at
Radiology department, Jinnah Post Graduate Medical
Center, Karachi. The study was duly approved by
institutional review board. The duration of study was
six months. On the basis of expected values (sensitivity
80.0%,8 specificity 80%,8 prevalence 44%,3 desired
precision 10% and confidence level as 95%) the
estimated sample size came out to be 94 patients.
Sampling technique is non-probability consecutive
sampling. Inclusion criteria included patients referred
by the physician of any age and either sex having
the following symptoms, fever: low grade (100° to
100.5° F), cough: productive for 3 months and history
of weight loss (= 10% of body weight). While exclusion
criteria included pregnancy, known neoplastic lesion
and already diagnosed case of tuberculosis.
Sequential referred patients meeting the inclusion
criteria were selected after taking informed consent.
Approval from ethical committee was taken prior to
conduction of study. Brief history was taken for
symptoms as mentioned in the inclusion criteria and
their duration. After taking consent for procedure, CT
scan with contrast was performed on Toshiba Aquilion
with 120KV and 250mAs, with following protocols,
a. high-spatial-frequency reconstruction algorithm,
such as bone algorithm. b. Slice thickness (1mm).
¢. Window length -550 & window width 1600. d. patient
positioning (supine and/or prone).

Interpretation of CT scan was done by senior
radiologist on CT workstation having post fellowship
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experience of greater than 5 years. History of
symptoms and their duration and findings of the
HRCT scan of each patient were recorded in the
proforma. The patient sputum for AFB findings was
collected and noted in proforma.

lR_e_s_uj_t_s—_

A database was developed on statistical package of
social science (SPSS Version 11). The age of patient
and duration of symptoms were presented by mean
+ S.D. Frequency and percentage was calculated for
gender, history of fever, cough, and weight loss. Diag-
nostic accuracy of HRCT in evaluation of pulmonary
tuberculosis was determined by comparing with the
gold standard sputum for AFB. Stratification was done
with regard to age, gender and duration of symptoms
to see the effect of these on outcomes.

Ninety four patients meeting the inclusion criteria
were recruited in our study. Mean age of the patients
in our study was 33.74 years with the standard
deviation of £10.69 years. The minimum age was 22
years, while maximum age of 62 years was noticed
as shown in (Tab. 1). Mean duration of symptoms of
pulmonary tuberculosis was 3.7 months with the
standard deviation of + 0.99 months. Minimum duration
of symptoms was 3 months, while maximum duration
of symptoms was 6 months noticed in our study.
(Tab. 1).

Mean | S.D | Minimum| Maximum
Age of the Patients (in years) 33.74 | £10.69 22 62
Duration of Symptoms (in months) | 3.70 | +0.99 3 6

Table 1: Age of the patients and age of the patients and duration
on symptoms

Age distribution shows that, 73 (77.7%) were of <40
years of age, while gender distribution shows that,
78 (83%) patients were male.

As far as symptoms are concerned, low grade fever
was found in 75 (79.8%) patients, cough 92 (97.9%),
while weight loss was found in 51 (54.3%) patients.
(Fig. 1) (Graph 1).

AFB smear positive was found in 79 (84%) patients;
while HRCT was positive in 70 (74.5%) cases.
(Fig. 2) (Graph 2).
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Figure 1: Aspergilloma: A) Chest film shows two cavities, partially
occupied by fungus balls, in the right upper lobe developed within
an area of consolidation, B) HRCT demonstrates a thin walled
cavity in the right upper lobe colonized by an aspergilloma and
C) on conventional tomography intracavity nodular opacities are
present in both upper lobes, separated from the cavity wall by a
crescent of air (arrow).
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Graph 1: Diagnostic accuracy of HRCT in evaluation of pulmonary

tuberculosis

Figure 2A: Chest Film
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Figure 2b: HRCT
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Graph 2A: Sputum for AFB findings
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Graph 2B: HRCT findings

Overall diagnostic accuracy of HRCT is shown in
(Tab. 2). Sensitivity and specificity was found to be
87.34% and 93.33% respectively. Positive predictive
value and negative predictive value was found to be
as 98.57% and 58.33% respectively.

Diagnostic Accuracy of HRCT in < 40 years of age
patients as shown in (Tab. 3), had 97.10% and 100%
sensitivity and specificity respectively, while in >40
years, sensitivity and specificity was 25% and 92.3%
respectively. (Tab. 3)

Diagnostic Accuracy of HRCT in male gender had
86.36% and 91.6% sensitivity and specificity
respectively, while in females, sensitivity and specificity
was 92.3% and 100% respectively. (Tab. 4)
Diagnostic Accuracy of HRCT in duration of symptoms
<3 months had 90.69% and 93.33% sensitivity and
specificity respectively, while in duration of symptoms
>3 months, sensitivity and specificity was 83% and
100% respectively. (Tab. 5)

Age Group <40 years Age Group >40 years
AFB AFB
HRCT | Positive | Negative | Total Positive | Negative | Total
Positive 67 0 67 2 1 3
Negative 2 4 6 6 12 18
Total 69 4 73 8 13 21

Sensitivity = 97.10%

Specificity = 100%

Positive predictive value = 100%
Negative predictive value = 66.66%

Sensitivity = 25%

Specificity = 92.30%

Positive predictive value = 66.66%
Negative predictive value = 66.66%

Table 3: Age groups & diagnostic accuracy of HRCT

Male Female
AFB AFB
HRCT | Positive | Negative | Total Positive | Negative | Total
Positive 57 1 58 12 0 12
Negative 9 1 20 1 3 4
Total 66 12 78 13 3 16

Sensitivity = 86.36%

Specificity = 99.16%

Positive predictive value = 98.27%
Negative predictive value = 55%

Sensitivity = 92.30%

Specificity = 100%

Positive predictive value = 100%
Negative predictive value = 75%

Table 4: Gender & diagnostic accuracy of HRCT

AFB
HRCT Positive Negative Total
Positive 69 1 70
Negative 10 14 24
Total 79 15 94

Duration of Symptoms >3 | Duration of Symptoms >3
AFB AFB
HRCT | Positive | Negative | Total Positive | Negative | Total
Positive 39 1 40 30 0 30
Negative 4 14 18 6 0 6
Total 43 15 58 36 0 42

Sensitivity = 87.34%

Specificity = 93.33%

Positive predictive value = 98.57%
Negative predictive value = 58.33%

Table 2: Overall diagnostic accuracy of HRCT
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Sensitivity = 90.69%

Specificity = 93.33%

Positive predictive value = 97.5%
Negative predictive value = 77.77%

Sensitivity = 83.33%

Specificity = 0%

Positive predictive value = 100%
Negative predictive value = 0%

Table 5: Duration of symptoms & diagnostic accuracy of HRCT
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Discussion ____

The age of patient and duration of symptoms were
presented by mean + S.D. Frequency and percentage
was calculated for gender, history of fever, cough,
and weight loss. Diagnostic accuracy of HRCT in
evaluation of pulmonary tuberculosis was determined
by comparing with the gold standard sputum for AFB.
Stratification was done with regard to age, gender
and duration of symptoms to see the effect of these
on outcomes. Million people die of tuberculosis each
year,1 and nearly 9 x 106 new cases of active tuber-
culosis (TB) are diagnosed, rising at an alarming rate
of one percent per annum.2

Several previous studies evaluated clinical charac-
teristics and scoring systems for the diagnosis of
sputum smear-negative PTB.14-16 Samb et al.14
reported independent predictors of active PTB
including a chronic cough lasting longer than 3 weeks,
chest pains longer than 15 days, absence of sputum,
and absence of dyspnea, and Lee et al.16 reported
that the lack of sputum was a positive predictor of
active PTB. But even in these studies, the specificity
of the clinical predictors or scoring system was low,
and the PPV was reported at a mere 50%.

Despite being less infectious than sputum smear-
positive PTB, smear-negative PTB serves as an
important cause of transmission in communities by
delaying diagnosis and precluding initiation of
treatment and often leads to complications of irre-
versible lung damage in infected individuals.1? Mat-
suoka et al.18 stated that CT findings in sputum smear-
negative patients differed from those in smear-positive
patients and suggested that CT findings are not help-
ful in judging sputum smear-negative TB suspects.

In previous studies, HRCT had a sensitivity of 60-
80% and a specificity of 50-70%.16.19,20 Our results
indicate that HRCT has a similar sensitivity of 87.34%
and specificity of 93.33%. In one study, the sensitivity,
specificity, positive predictive value, negative predictive
value and diagnostic accuracy of HRCT in detecting
disease activity were 88%, 88%, 92%, 83% and 88%,
respectively.8

More so, HRCT is more sensitive in detection of miliary
nodules;? to correlate underlying pathomor-phological
processes,10 mode of spread of the disease and
sequential morphological changes after antituber-
culosis chemotherapy.1! Though the chest radiogra-
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phy can demonstrate cavitation in 40-87% of patients,
HRCT chest has proved to be more accurate in
detection of cavitation, particularly in cases
complicated by extensive fibrosis and architectural
distortion.7.12,13

The high cost and concerns about the radiation
exposure of HRCT limit the usefulness of this test.
One previous study investigating the cost-effectiveness
of HRCT in the diagnosis of PTB20 reported that
HRCT play significant roles in the moderate or high
PTB probability setting compared with the low PTB
probability setting. Considering the high specificity of
our study, HRCT would be useful in a high TB burden
country.

One recurring dilemma in the practice of respiratory
medicine in Pakistan is the differentiation of tuber-
culosis from other causes of lung diseases. TB is a
great mimicker and has a myriad of clinical and
radiological presentations. The transbronchial disse-
mination of TB with lymphatic and perilymphatic
involvement of the lung interstitium is sometimes
difficult to distinguish from other causes of interstitial
abnormalities as demonstrated on plain chest X-rays.
HRCT plays a vital role in differentiating granulomatous
processes from other DPLDs.21.22 Although the
features of TB such as centrilobular nodularity and
‘tree in bud” appearances are not pathognomonic,
they are distinctive enough to strongly suggest TB.23.24

The diagnostic accuracy of HRCT in evaluation of

active pulmonary tuberculosis was found to be high.
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