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T uberculosis (TB) is a common infection worldwide and remains 
an important cause of morbidity and mortality, particularly in 
developing countries (1). In 2010, 8.8 million people developed 

overt disease; approximately 1.1 million deaths occurred among human 
immunodeficiency virus (HIV)-negative people and 0.35 million deaths 
occurred among HIV-positive people (2). 

Several host factors may contribute to radiologic manifestations of pul-
monary TB, including prior exposure to TB, age, and underlying immune 
status (3). Radiologic manifestation of pulmonary TB has been divided 
into primary and postprimary TB, each with a characteristic radiologic 
pattern. Primary TB occurs most commonly in children without prior 
exposure to TB and without acquired specific immunity. Primary TB 
commonly presents as hilar or mediastinal lymphadenopathy, airspace 
consolidation, or pleural effusion. Postprimary TB is considered to be a 
reactivation of a previous TB lesion. Radiographically, postprimary TB 
usually presents as focal or patchy heterogeneous consolidation involving 
the apical and posterior segments of the upper lobes and less frequently in 
the superior segments of the lower lobes. On computed tomography (CT) 
scans, the most common findings of postprimary TB are centrilobular 
small nodules, branching linear and nodular opacities (tree-in-bud sign), 
patchy or lobular areas of consolidation, and cavitation (1, 3–6).

Isolated involvement of basal segments of the lower lobes in pulmo-
nary TB cases is unusual, and often causes great confusion in the diag-
nosis of pulmonary TB (3, 7). Because early diagnosis of pulmonary TB 
plays an important role in the treatment of TB, proper understanding of 
atypical radiologic manifestation is critical (8, 9).

To the best of our knowledge, the CT findings of pulmonary TB in-
volving basal segments have not been widely investigated. The present 
study compared clinical features and CT findings of pulmonary TB in 
basal segments and apical or apicoposterior segments, and assessed the 
frequent radiologic findings of TB in basal segments.

Materials and methods
Patients

Approval of the hospital ethics committee was obtained for this study. 
We retrospectively reviewed chest CT scans of 986 consecutive adults 
who were diagnosed with active pulmonary TB at our institution, an 
814-bed urban community-based university teaching hospital, from 
March 2005 to February 2011. Patients were included in the study if they 
had a positive culture or staining for Mycobacterium tuberculosis from a 
sputum specimen, bronchial washing, or lung biopsy. Disease confined 
to the basal segments of the lower lobes, segments 7, 8, 9, and 10 of 
the right lower lobe and segments 7+8, 9, and 10 of the left lower lobe, 
was found in 21 patients. We excluded pulmonary TB cases involving 
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PURPOSE
We aimed to compare clinical features and computed tomog-
raphy (CT) findings of pulmonary tuberculosis (TB) in lower 
lobe basal segments and upper lobe apical or apicoposterior 
segments.

MATERIALS AND METHODS
We retrospectively reviewed medical records and chest CT 
scans of 986 adults who were diagnosed with active pulmo-
nary TB. Active pulmonary TB confined to the basal segments 
was found in 21 patients. Sixty patients had disease localized 
to the apical or apicoposterior segments only. Clinical features 
and CT abnormalities of the lung parenchyma, airways, me-
diastinal and hilar lymph nodes, and pleura were compared 
between these two groups.

RESULTS
A significant difference was observed between two groups in 
terms of underlying disease prevalence associated with an im-
munocompromised state (basal, 6/21, 28.6%; apical or apico-
posterior, 3/60, 5%; P = 0.008). Chest CT findings, including 
consolidation (P = 0.0016), lymphadenopathy (P = 0.0297), 
and pleural effusion (P = 0.008), were more common in ba-
sal segment TB than in apical or apicoposterior segment TB. 
Small nodules were less common in basal segment TB than in 
apical or apicoposterior segment TB (P = 0.0299). The tree-in-
bud sign was the most common CT finding in both basal seg-
ment TB (17/21, 81%) and apical or apicoposterior segment 
TB groups (53/60, 88.3%) (P = 0.4633).

CONCLUSION
Lower lobe basal segment TB was more commonly present 
with common CT findings of primary pulmonary TB including 
consolidation, mediastinal and hilar lymphadenopathy, and 
pleural effusion than apical or apicoposterior segment TB.
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multidetector CT scanner were as fol-
lows: 140 kV and 200 mA, with 0.75 
s rotation time and 16×0.75 mm col-
limation. Imaging parameters for the 
64-slice multidetector CT scanner 
were as follows: 120 kV and 250 mA, 
with 0.5 s rotation time and 40×0.625 
mm collimation. All examinations 
were performed with the patient in 
the supine position with breath-hold 
during inspiration without adminis-
tration of contrast material. Images 
were obtained with both mediastinal 
(width, 350–450 HU; level, 20–40 HU) 
and lung (width, 1200–1600 HU; level, 
-500 to -700 HU) window settings.

Image analysis
CT scan data were available on a 

picture archiving and communication 
system (PACS, Infinitt Healthcare Co. 
Ltd., Seoul, Republic of Korea), and all 
images were retrospectively reviewed 
at a PACS monitor. 

Three radiologists (a chest radiolo-
gist with 14 years of experience and 
two fourth-year residents) reviewed the 
images independently and diagnostic 
conclusions were reached by consen-
sus. The CT images were assessed for 
the location, consolidation, ground-
glass opacity, cavity, atelectasis, nod-
ule, mass, mediastinal and hilar lym-
phadenopathy, and pleural effusion. 
Consolidation was defined as homoge-
neous opacification of the parenchyma 
with obscuration of the underlying ves-
sels. The ground-glass opacity was de-
fined as a hazy area of increased opac-
ity or attenuation without obscuration 
of the underlying vessels. In addition, 
the presence of endobronchial lesion, 
tree-in-bud lesion, interstitial thicken-
ing, pneumothorax, and pneumome-
diastinum was recorded. Mediastinal 
and axillary lymphadenopathy was 

defined as the presence of one or more 
lymph nodes with a short-axis diam-
eter larger than 10 mm.

Statistical analysis
Statistical analysis was performed 

using the SAS software package 
(Statistical Analysis System, ver-
sion 9.1, SAS Institute, Cary, North 
Carolina, USA). The mean age of the 
patients who had basal segment TB 
and mean age of those who had api-
cal or apicoposterior segment TB were 
tested using Welch’s two-sample t 
test. The frequency of each CT abnor-
mality was compared between the ba-
sal segment TB group and the apical or 
apicoposterior TB group using Fisher’s 
exact test. A P value of less than 0.05 
was deemed to indicate a statistically 
significant difference.

Results
Disease confined to the basal seg-

ments of the lower lobes, segments 
7, 8, 9, and 10 of the right lower lobe 
(n=10), segments 7+8, 9, and 10 of the 
left lower lobe (n=8), and both sides 
(n=3), was found in 21 patients. This 
basal segment TB study group included 
nine males and 12 females; the mean 
age was 43.8 years, with a range of 23 to 
82 years. In 60 patients, TB lesions were 
localized to the apical or apicoposterior 
segments of the upper lobes, segment 
1 of the right upper lobe (n=30), seg-
ment 1+2 of the left upper lobe (n=19), 
and both sides (n=11). This apical or 
apicoposterior segment TB study group 
included 49 males and 11 females; the 
mean age was 38.6 years, with a range 
of 22 to 82 years. The demographics of 
patients with pulmonary TB in basal 
segment and apical or apicoposterior 
segment TB groups are summarized in 
Table 1.

segments 3, 4, 5, and 6. Coincident in-
volvement cases, such as basal segment 
plus any other segment and apical (or 
apicoposterior) segment with any oth-
er segment, were also not included in 
this study. We also excluded seven cas-
es of coincident involvement of apical 
(or apicoposterior) and basal segments. 
We identified 60 patients who had TB 
lesions localized only to the apical or 
apicoposterior segments of the upper 
lobes, segment 1 of the right upper lobe 
and segment 1+2 of the left upper lobe. 
No patient was positive for HIV. Case 
histories were reviewed to ascertain the 
frequency of coexistent medical condi-
tions associated with an immunocom-
promised state, such as diabetes melli-
tus type 1 and 2, chronic renal failure, 
drug and alcohol abuse, malnutrition, 
corticosteroid or other immunosup-
pressive therapy, and concurrent or 
recent malignant neoplasms.

Imaging technique
CT scans were obtained using a 

16-slice multidetector CT scanner 
(MX IDT 8000 IDT, Philips Medical 
Systems, Haifa, Israel) or a 64-slice 
multidetector CT scanner (Brilliance 
64, Philips Medical Systems). These CT 
images were obtained from the apices 
to costophrenic angles.

Chest CT scans were obtained in 13 
patients of the basal segment TB group 
and in 34 patients of the apical or api-
coposterior TB group. Imaging param-
eters for the 16-slice multidetector CT 
scanner were as follows: 120 kV and 
200 mAs, with 0.75 s rotation time and 
16×1.5 mm collimation. Imaging pa-
rameters for the 64-slice multidetector 
CT scanner were as follows: 120 kV and 
250 mAs, with 0.75 s rotation time and 
64×1.5 mm collimation. Intravenous 
administration of an average volume 
of 90 mL or 1.4 mL/kg of nonionic 
contrast material (Ultravist 300, Bayer 
Schering Pharma AG, Berlin, Germany, 
or Omnipaque 300; GE Healthcare, 
Carrigtohill, Ireland) containing 300 
mg/mL iodine was performed. The 
contrast material was administered 
intravenously using a power injector 
at a rate of 3 mL/s for the contrast-en-
hanced study.

High-resolution CT scans with an 
edge-enhancing algorithm were ob-
tained in eight patients of the basal 
segment TB group and in 26 patients of 
the apical or apicoposterior TB group. 
Imaging parameters for the 16-slice 

Table 1. Demographics of patients with pulmonary tuberculosis in lower lobe basal 
segment and upper lobe apical or apicoposterior segment

Localization of pulmonary tuberculosis

P aBasal (n=21) Apical or apicoposterior (n=60)

Age (years), mean±SD 43.8±18.4 38.6±12.6 0.2407

Gender, n (%) Female 12 (57.1) 11 (18.3) 0.0015

Male 9 (42.9) 49 (81.7)

800.0)5( 3)6.82( 6)%( n ,esaesid gniylrednU

aCalculated between lower lobe basal and upper lobe apical or apicoposterior tuberculosis groups by 
Welch’s two-sample t test and Fisher’s exact test.
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Figure 1. Active pulmonary tuberculosis in a 34-year-old woman. 
Axial contrast-enhanced CT image at the mediastinal window setting 
shows consolidation (asterisk) in the left lower lobe posterior basal 
segment.

Figure 3. Active pulmonary 
tuberculosis in a 31-year-old 
man with underlying chronic 
myeloid leukemia. Axial 
contrast-enhanced CT image 
at the mediastinal window 
setting shows a consolidation 
with necrosis (arrow) in the 
right lower lobe lateral basal 
segment.

Figure 2. Active pulmonary tuberculosis in a 64-year-old man with 
underlying advanced gastric cancer. Axial contrast-enhanced CT 
image at the mediastinal window setting shows consolidation with 
internal cavity (arrow) in the right lower lobe posterior and lateral 
basal segments. 

In the basal segment TB group, un-
derlying diseases associated with an 
immunocompromised state were ob-
served in six patients (6/21, 28.6%); 
these diseases included ankylosing 
spondylitis, stomach cancer, colon 
cancer, chronic myeloid leukemia, and 
type 2 diabetes mellitus. In the apical 
or apicoposterior segment TB group, 
three patients (3/60, 5%) were found 
with underlying diseases, including 
bladder cancer, amyotrophic lateral 
sclerosis, and diabetes mellitus (P = 
0.008).

A gender difference was found be-
tween the two groups. Basal segment 
TB occurred more frequently in female 
patients than in male patients, whereas 

apical or apicoposterior segment TB 
occurred more frequently in male pa-
tients (P = 0.0015).

Consolidation (Figs. 1–3) was more 
frequent in the basal segment TB 
group (15/21, 71.4%) than in the api-
cal or apicoposterior segment TB group 
(18/60, 30%) (P = 0.0016). The preva-
lence of pleural effusion also differed 
significantly between the two groups, 
affecting six of 21 patients (28.6%) in 
the basal segment TB group and three 
of 60 (5%) in the apical or apicopos-
terior segment TB group (P = 0.008). 
Lymphadenopathy was more frequent 
in the basal segment TB group (6/21, 
28.6%) than in the apical or apicopos-
terior segment TB group (5/60, 8.3%) 

(P = 0.0297). Small nodules (Fig. 4) 
were less common in the basal seg-
ment TB group (10/21, 47.6%) than in 
the apical or apicoposterior segment 
TB group (45/60, 75%) (P = 0.0299). 
Although no statistically significant 
difference was observed, a tendency to-
ward a higher prevalence of mass (Fig. 
5) in the basal segment TB group was 
also noted (basal segment, 4/21, 19%; 
apical or apicoposterior segment, 3/60, 
5%) (P = 0.0702).

No statistically significant difference 
was found between the basal segment 
and apical or apicoposterior TB groups 
with respect to the mean age of the 
patients, prevalence of ground-glass 
opacity, interstitial thickening, tree-in-
bud sign, cavity, atelectasis, mass, large 
nodule, endobronchial involvement, 
or bronchiectasis. The tree-in-bud sign 
was the most common CT finding in 
both the basal segment TB (17/21, 
81%) and apical or apicoposterior seg-
ment TB groups (53/60, 88.3%) (P = 
0.4633). CT findings of pulmonary TB 
in basal segments and apical or apico-
posterior segments are summarized in 
Table 2.

Discussion
Traditionally, the clinical, pathologi-

cal, and radiological manifestations of 
reactivated TB were considered to be 
quite distinct from those of primary 
TB. This concept, however, has been 
recently challenged. Recent studies 
based on DNA fingerprinting have sug-
gested that chest radiographic features 
are similar between patients who ap-
parently have primary TB and those 
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who have reactivated TB. The previ-
ously mentioned differences in chest 
radiographic findings between chil-
dren and adults with pulmonary TB 
may then reflect differential efficacy 

of the immune response, rather than 
differences in the timing of infection. 
Neonates, young children, or HIV-
infected persons who have impaired 
cell-mediated immune responses tend 

to have atypical manifestation of TB, 
whereas immunocompetent patients 
tend to have typical manifestation 
of previously known reactivated TB. 
Thus, the only independent predictor 
of radiographic appearance may be in-
tegrity of the host immune response 
(8, 9).

In the present study, the relatively 
frequent CT findings of lower lobe ba-
sal segment TB compared to upper lobe 
apical or apicoposterior TB were con-
solidation, mediastinal and hilar lym-
phadenopathy, and pleural effusion, 
which were previously thought to be 
typical radiological findings of primary 
pulmonary TB by recent infection.

Consolidation is the most frequent 
characteristic of basal segment TB with 
statistical significance (15/21, 71.4%). 
Because TB manifesting as consolida-
tion may often be indistinguishable 
from bacterial pneumonia, the diagno-
sis at a hospital might be delayed (10, 
11). In previous studies, TB in the lower 
lung fields in adults is a frequent char-
acteristic of tuberculous pneumonia, 
which is manifested as homogeneous 
segmental or lobar consolidation on a 
chest radiograph (10, 12). On CT, TB 
lesions might show necrotic or cavitary 
consolidation, bronchial or bronchi-
olar lesions including branching opaci-
ties, and mass (1, 13). These findings 
could be helpful for differential diag-
nosis of TB from bacterial pneumonia. 

Figure 5. Active pulmonary tuberculosis in a 45-year-old man with 
underlying diabetes mellitus. Axial contrast-enhanced CT image at the 
mediastinal window setting shows a poorly enhancing mass (asterisk) with 
an internal calcification and peripheral consolidation in the right lower 
lobe medial and posterior basal segments.

Figure 4. Active pulmonary tuberculosis in a 26-year-old man. 
Axial contrast-enhanced CT image at the lung window setting 
shows a thick-wall cavity (arrow), consolidation, and small nodules 
in the left lower lobe lateral basal segment.

Table 2. Comparison of CT findings of tuberculosis involving lower lobe basal segment 
and upper lobe apical or apicoposterior segment

CT findings, n (%)

Localization of pulmonary tuberculosis

PaBasal (n=21) Apical or apicoposterior (n=60)

Consolidation 15 (71.4) 18 (30) 0.0016

Ground glass opacity 3 (14.3) 2 (3.3) 0.1067

Tree-in-bud sign 17 (81) 53 (88.3) 0.4633

Cavity 7 (33.3) 28 (46.7) 0.3186

Atelectasis 1 (4.8) 0 (0) 0.2593

Mass 4 (19) 3 (5) 0.0702

Large nodule 3 (14.3) 11 (18.3) 1.000

Small nodule 10 (47.6) 45 (75) 0.0299

Interstitial thickening 1 (4.8) 0 (0) 0.2593

Endobronchial involvement 0 (0) 1 (1.7) 1.000

Bronchiectasis 3 (14.3) 3 (5) 0.1768

Lymphadenopathy 6 (28.6) 5 (8.3) 0.0297

Pleural effusion 6 (28.6) 3 (5) 0.0080

aCalculated between lower lobe basal and upper lobe apical or apicoposterior tuberculosis groups by 
Fisher’s exact test.
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Contrast-enhanced CT has the po-
tential advantage to detect the necrotic 
lung consolidation in TB patients. It is 
also useful in the detection of com-
bined vascular abnormality including 
dilated bronchial arteries, intercostal 
arteries or other cardiac, pericardiac 
abnormality, as well as in guiding bi-
opsy. Identification of dilated bron-
chial or intercostal arteries on contrast-
enhanced CT is important for percuta-
neous arterial embolization in TB pa-
tients with hemoptysis. 

Mediastinal and hilar TB lymphad-
enopathy is uncommon in adults, 
and was previously considered to be a 
feature of only primary or first infec-
tion with M. tuberculosis (1, 14). In the 
present study, the patients with basal 
segment TB tended to have mediastinal 
and hilar lymphadenopathy compared 
to the patients with apical or apicopos-
terior segment TB. Contrast-enhanced 
CT is useful for the identification of 
necrotic lymph node, which is relative-
ly common in TB lymphadenopathy.

Pleural effusion was observed more 
frequently in the basal segment TB 
group than in the apical or apicopos-
terior segment TB group. Pleural ef-
fusion occurs in approximately 5% 
of patients with M. tuberculosis infec-
tion. Tuberculous pleural effusions can 
manifest as primary or reactivated dis-
ease (15).

Generally, the most common CT 
findings of postprimary TB are cen-
trilobular small nodules as well as 
branching linear and nodular opacities 
(tree-in-bud sign) (1). In the present 
study, the tree-in-bud sign was the 
most common CT finding in both the 
basal segment TB (81%) and apical 
or apicoposterior segment TB groups 
(88.3%) (P = 0.4633). No statistically 
significant differences were noted be-
tween the two groups, although small 
nodules were uncommon in the basal 
segment TB group (47.6%) compared 
to the apical or apicoposterior segment 
TB group (75%) (P = 0.0299). However, 
small nodules were also frequently ob-
served in the basal segment TB group. 
Many patients with basal segment TB 
presented with typical CT findings of 
postprimary TB. However, postprima-
ry TB findings were observed less fre-
quently in the basal segment TB group 
than in the apical or apicoposterior 
segment TB group.

Compared to patients with apical or 
apicoposterior segment TB, those with 

basal segment TB had a higher preva-
lence of an immunocompromised 
state, including ankylosing spond-
ylitis, stomach cancer, colon cancer, 
chronic myeloid leukemia, and diabe-
tes mellitus. Unusual or atypical mani-
festations of pulmonary TB are com-
mon in patients with impaired host 
immunity. Pulmonary TB in diabetic, 
elderly, or immunocompromised pa-
tients has often been suggested to have 
an atypical pattern and distribution (4, 
12, 16–18). This has been confirmed, 
particularly in patients with acquired 
immune deficiency syndrome (AIDS) 
(19, 20). These unusual manifestations 
are now thought to be manifestations 
of primary TB (21).

Lower lung field TB is more com-
mon in older than in younger patients, 
as elderly people have more impaired 
T-lymphocyte function than young 
people (22–24). In the present study, 
however, no statistically significant 
difference was observed in the mean 
patient age between the basal segment 
and apical or apicoposterior TB groups. 
This result might be influenced by un-
derlying disease associated with immu-
nologic state rather than an aging ef-
fect. Previous studies have emphasized 
the predominance of lower lung field 
TB in women, and although no reliable 
explanation was found for the higher 
incidence of disease in women, the re-
sults of the present study are consistent 
with previous reports. Moreover, some 
studies reported that women may have 
higher rates of progression from in-
fection to disease and higher case fa-
tality in their early reproductive ages 
(25–29).

Our radiological findings concur 
with those of Koh et al. (30). In their 
study, the most common radiographic 
findings in primary pulmonary TB by 
recent infection in previously healthy 
adolescents were upper lung lesions 
that were thought to be radiographic 
findings of reactivated pulmonary TB 
by remote infection.

To the best of our knowledge, the 
present study is the first to have de-
scribed CT findings of basal segment 
TB and evaluated its association with 
host immune status. Several reports ex-
ist regarding atypical or unusual mani-
festations of adult TB on radiographs, 
particularly focusing on lower lobe pre-
dominance (12, 24, 31–33). Compared 
to radiographs, CT scans provide more 

precise information on the extent and 
distribution of disease (34).

The present study has some limita-
tions, including its retrospective na-
ture, which did not allow uniform CT 
protocols to be implemented in all cas-
es. In addition, we did not use the se-
rial tuberculin skin test or DNA finger-
printing test that confirms the strain of 
M. tuberculosis to demonstrate recent 
or remote infection and determine 
primary TB or postprimary TB (8). In 
some cases, Bacillus Calmette-Guérin 
(BCG) vaccination in the neonatal pe-
riod may affect the host immune re-
sponse and radiologic manifestation of 
TB infection. In addition, the present 
study suffers from verification bias, 
which occurs when a study population 
includes only patients with a verified 
disease status. Only patients with bac-
teriologically proven TB were included 
from the population of patients from 
2005 to 2011. This bias could have af-
fected the results of the study. Finally, 
interobserver variation was not evalu-
ated. Further studies to assess different 
CT findings between immunocompe-
tent and immunocompromised groups 
of TB patients are necessary with larger 
cases.

In conclusion, basal segment TB 
had typical CT findings of both pri-
mary and postprimary TB. However, 
postprimary TB findings such as small 
nodules were less common in the basal 
segment TB group than in the apical 
or apicoposterior segment TB group. 
Basal segment TB was more commonly 
present with other CT findings, includ-
ing consolidation, mediastinal and hi-
lar lymphadenopathy, and pleural ef-
fusion, which were previously thought 
to be typical radiological findings of 
primary pulmonary TB by recent infec-
tion than apical or apicoposterior seg-
ment TB. If these abnormal findings 
are present on CT, the possibility of TB 
might be considered in the case of ba-
sal lung lesion.
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