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Abstract
AIM: To highlight various patterns of nodal involvement 
and post treatment changes in pediatric chest tubercu-
losis based on contrast enhanced computed tomography 
(CECT) scans of chest. 

METHODS: This was a retrospective study consisting 
of 91 patients aged less than 17 years, who attended 
Paediatrics OPD of All India Institute of Medical Sciences 
with clinically diagnosed tuberculosis or with chest ra-
diographs suggestive of chest tuberculosis. These pa-
tients had an initial chest radiograph as well as CECT 
of the chest and follow up imaging after 6 mo, and in 
some cases 9 mo, of completion of anti-tubercular treat-
ment (ATT). CECT of these patients was reviewed for 
the location and extent of nodal involvement along with 
determination of site, size, enhancement pattern and 
calcification. 

RESULTS: Enlargement of mediastinal or hilar lymph 
nodes was found in 88/91 patients (96.7%), with the 
most common locations being paratracheal (84.1%), 
and subcarinal (76.1%). The most common pattern 
of enhancement was found to be inhomogenous. 

The nodes were conglomerate in 56.8% and discrete 
in 43.2%. In addition, perinodal fat was obscured in 
84.1% of patients. In the post-treatment scan, there 
was 87.4% reduction in the size of the nodes. All nodes 
post-treatment were discrete and homogenous with 
perinodal fat present. Calcification was found both 
pre- and post-treatment, but there was an increase in 
incidence after treatment (41.7%). There was hence a 
reduction in size, change in enhancement pattern, and 
appearance of perinodal fat with treatment. 

CONCLUSION: Tubercular nodes have varied appear-
ance and enhancement pattern. Conglomeration and 
obscuration of perinodal fat suggest activity. In re-
sidual nodes decision to continue ATT requires clinical 
correlation. 
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INTRODUCTION
Tuberculosis is one of  the major causes of  morbidity and 
mortality worldwide. Children represent one of  the high 
risk groups in the resurgence of  the disease. Pediatric 
patients generally have primary tuberculosis, presenting 
as Ghon’s complex, consisting of  small parenchymal in-
filtrates with lymphatic spread leading to mediastinal and 
hilar lymphadenopathy. This generally heals but may prog-
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ress to progressive pulmonary tuberculosis in 5%-10% of  
patients.

Chest radiography may not be sensitive in detecting 
lymphadenopathy, which is considered to be the fin-
gerprint of  primary pulmonary tuberculosis. Moreover, 
computed tomography (CT) is considered the imaging 
modality of  choice to diagnose the presence, location and 
characteristics of  mediastinal adenopathy. The advantages 
of  CT are the characterization of  lesions by showing low 
attenuation nodes with rim enhancement, calcification, 
nodules of  bronchogenic spread, or miliary disease, in de-
fining the extent of  tuberculous disease and its complica-
tions and in differentiating active from inactive phases[1-5]. 
This study describes the various CT patterns of  nodal in-
volvement in pediatric chest tuberculosis in active as well 
as in post-treatment phases. 

MATERIALS AND METHODS
In this retrospective study (from December 2006 to De-
cember 2009) we analyzed the CT scans of  91 patients 
less than 17 years of  age who were diagnosed with tuber-
culosis on the basis of  clinical and/or radiographic and/or 
pathological data. CT was performed after administration 
of  non ionic contrast [Iomeron 400 (Iomeprol, Bracco, 
Milano, Italy), Iohexol 300 (Omnipaque, GE Health care, 
Ireland)] which was injected by hand leading to an aver-
age delay of  50 to 70 s and thus providing venous phase 
images. The dose of  contrast was calculated based on the 
body weight of  the child, not exceeding 2 mL/kg body 
weight. CT scans of  these patients were reviewed by two 
radiologists with 20 years and 5 years experience, respec-
tively, in thoracic imaging. 

Medical records of  these patients were thoroughly 
studied by a clinical investigator who looked for present-
ing clinical symptoms, history of  Mycobacterium tuberculosis 
contact, previous diagnoses of  tuberculosis, demographic 
information, and status of  BCG vaccination, a Mantoux 
test result and isolation of  acid fast bacilli (AFB). 

Inclusion criteria 
Patients who presented with clinical symptoms suggestive 
of  active tuberculosis like cough for more than 2 wk, fe-
ver, weight loss, hemoptysis, anorexia, dyspnea and weak-
ness were included. Apart from these clinical features at 
least 2 of  the following 4 criteria had to be fulfilled: (1) A 
tuberculin skin test with 5 tuberculin units PPD, showing 
area of  induration more than 10 mm; (2) Radiographic 
findings compatible with Mycobacterium tuberculosis like mili-
ary disease, cavitary lesions, hilar lymphadenopathy or 
primary complex; (3) History of  adult source patient with 
contagious disease, caused by Mycobacterium tuberculosis; and 
(4) Isolation of  AFB from sputum, FNAC from cervical 
nodes, bronchioalveolar lavage, or other sites like empy-
ema, etc.

Informed consent and clearance from the local ethical 
committee was not required due to the retrospective na-
ture of  the study.

Contrast enhanced CT chest
An initial CT scan done within 30 d of  commencement of  
anti-tubercular treatment (ATT) was available in all these 
patients. Amongst these, 45 patients had a follow up CT 
performed following 6 mo of  treatment. Some patients 
with persistent nodes underwent a 3rd scan after 9 mo of  
ATT.

Contrast enhanced CT (CECT) was assessed for the 
location and extent of  nodal, parenchymal, airway, and 
pleural involvement. Particular attention was given to the 
site, size, enhancement pattern and calcification of  the 
lymph nodes. Mediastinal nodes having a size > 1 cm in 
the short axis were considered abnormal. In addition sites 
of  nodal involvement were also analyzed. The enhance-
ment pattern was categorized into three groups consisting 
of  homogeneously enhancing nodes, nodes with periph-
eral enhancement and central necrosis and inhomogeneous 
nodes. The nodes were also classified as being discrete or 
conglomerate and we looked for presence or obscuration 
of  perinodal fat. Discrete nodes were defined as having 
smooth, well defined margins with preserved adjacent fat; 
whereas clubbed or clusters of  nodes with ill defined mar-
gins and adjacent fat streakiness were called conglomerate. 
Nodes with ill defined fuzzy margins with loss of  adjacent 
fat or fat stranding were said to have obscuration of  peri-
nodal fat.

Further size as well as the enhancement pattern of  the 
nodes was compared with the follow up CT done after 6 
and 9 mo. 

RESULTS
The clinical profile of  the study population is depicted in 
Table 1. The 91 patients (47 males, 44 females) aged 3 mo 
to 17 years had a majority of  patients (42.9%) in the age 
group of  10 to 15 years, with a median age of  11 years. 
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Table 1  Demographic profile of patients  n  (%)

Variables Frequency (n  = 91)

Age group (yr)
   0-5  19 (20.9)
   5-10  26 (28.6)
   10-15  39 (42.9)
   15-17  7 (7.7)
Sex
   Male  47 (51.6)
   Female  44 (48.4)
Presenting symptoms
   Fever  88 (96.7)
   Cough  56 (61.5)
   Weight loss  78 (85.7)
   Loss of appetite  90 (98.9)
   Lymphadenopathy  38 (41.7)
   History of contact  41 (45.0)
Laboratory investigations
   Mantoux positivity 91 (100)
   Elevated ESR  65 (71.4)
   AFB detection  20 (22.0)

ESR: Erythrocyte sedimentation rate; AFB: Acid fast bacilli.



Most of  the patients presented with a plethora of  symp-
toms with the commonest being fever (96.7%), weight 
loss (85.7%) and loss of  appetite (98.9%). Of  these, Man-
toux positivity was seen in all patients (100%) whereas ele-
vated ESR in 61 (71.4%) cases and AFB could be isolated 
in only 20 (22%) cases.

An initial CT scan performed within 30 d of  com-
mencement of  ATT was available for all 91 patients. It 
was reviewed for nodal, parenchymal, airway, and pleural 
lesions (Table 2). Enlargement of  mediastinal or hilar 
lymph nodes was found in 88 patients (96.7%). The nodal 
distribution and lymph node size is described in Table 3.  
The most common site for lymphadenopathy was the 
paratracheal location, and the largest nodes were seen in 
prevascular and subcarinal locations. The incidence of  
lymphadenopathy in children < 5 years was 19/19 (100%), 
while that in children > 5 years was 69/72 (96%).

Enlarged nodes displayed 3 patterns of  enhancement 
consisting of  homogeneous, inhomogeneous and periph-
erally enhancing nodes with central necrosis (Figures 1-3). 
A homogeneous and inhomogenous pattern of  enhance-
ment was more common than peripheral enhancement. 
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Figure 1  Computed tomography chest of a patient (A) showing large, conglomerate rim enhancing nodes, with central necrosis (B) post anti-tubercular 
treatment, showing resolution of adenopathy, with appearance of perinodal fat.

Table 2  Computed tomography findings  n  (%)

Findings Frequency (n  = 91)

Lymph nodal involvement 88 (96.7)
Parenchymal lesion 64 (70.3)
Airway disease 32 (35.2)
Pleural lesion 18 (19.8)

Table 3  Nodal distribution and characteristics

Frequency (n  = 88) %

Nodal distribution Frequency and mean size
   Paratracheal   74 (2.21 cm) 84.1
   Pretracheal   50 (1.62 cm) 56.8
   Precarinal   48 (1.72 cm) 54.4
   Subcarinal   67 (2.03 cm) 76.1
   Right hilar   46 (1.87 cm) 52.3
   Left hilar   32 (1.68 cm) 36.4
   Prevascular   22 (2.82 cm) 25.0
   Azygoesophageal 30 (1.9 cm) 34.1
   Aorto-pulmonary window 10 (2.0 cm) 11.4
Nodal characteristics
   Enhancement pattern
      Peripheral rim 12 13.6
      Homogeneous 30 34.1
      Inhomogeneous 46 52.3
   Calcification 25 28.4
   Conglomerate 50 56.8
   Discrete 38 43.2
   Obscured perinodal fat 74 84.1

BA

Figure 2  Pretreatment computed tomography (A) showing conglomerate, inhomogenous paratracheal lymph nodes and follow up computed tomography (B) 
showing reduction in size of the nodes to < 1 cm size, with reappearance of perinodal fat.
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Nodal calcification was seen even in the pre-treatment 
scan of  25 patients (28.4%). The majority of  patients had 
conglomerate nodes in the initial scan and most of  the 
patients (84.1%) showed obscuration of  perinodal fat. 

In 45 of  these 91 patients a follow up scan (performed 
6-7 mo after ATT) was available. Comparison of  pre- 
and post-treatment scans of  these 45 patients was made. 
Regression of  nodes was seen in 30 patients (Figures 1-3). 
Out of  30 patients, 6 patients showed complete resolu-
tion of  nodes whereas 24 had nodes < 1 cm in the short 
axis. These nodes were insignificant according to the 
size criteria; we, however, studied these small nodes for 
morphological characteristics. In the post-treatment CT, 
these nodes were discrete. Perinodal fat was obscured in 

17 patients in pre-treatment scans and it reappeared in all 
patients in post-treatment scans (Figures 1-3). A peripheral 
and inhomogenous pattern of  enhancement changed to a 
homogenous pattern of  enhancement (Figure 2). Calcifica-
tion was found in 8 patients in the pre-treatment scan and 
10 patients after treatment (41.7%) (Figure 4 and Table 4). 

The comparison between active and inactive disease (n 
= 30) was made using McNemar test and a value of  P < 0.05 
was regarded as significant. For comparison between size 
of  nodes, Wilcoxon signed ranks test was used. There was 
a statistically significant reduction in the size of  nodes. The 
difference in the incidence of  peripheral, inhomogenous, 
and mixed patterns of  enhancement, conglomerate nodes 
and obscuration of  perinodal fat was statistically significant.
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Figure 3  Computed tomography (A) showing conglomerate, homogenous paratracheal lymph nodes and (B) showing reduction in size of the nodes (< 1 cm) 
after treatment.

Figure 4  Pretreatment computed tomography (A, B) showing calcified precarinal, prevascular, right hilar, and azygoesophageal nodes, with necrotic areas 
and follow up computed tomography after anti-tubercular treatment (C, D) showing resolution of necrotic areas, with residual calcification.

BA
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Fifteen patients had nodes > 1 cm, which were hence 
within the significant range using the size criteria. The 
decision for continuing or stopping ATT in these patients 
was based on correlation of  radiological and clinical find-
ings. A further follow up scan after 3 mo was available in 
9 patients divided into 2 groups - one in whom ATT was 
continued (n = 7) and the other in whom ATT was dis-
continued (n = 2) (Table 5). Though a constant reduction 
in the mean and maximum size of  the nodes was noted as 
the duration of  treatment progressed, at the end of  9 mo 
of  ATT, significant nodes (> 1 cm) persisted in 3 cases, 
with few showing rim enhancement and conglomeration, 
suggesting activity. 

DISCUSSION
Tuberculosis continues to be a major health problem all 
over the world, especially in developing countries. Pediat-
ric cases are particularly important epidemiologically be-
cause each usually represents a new infection rather than 
reactivation of  prior disease. Indeed it is said that, “Chil-
dren with primary tuberculosis are the reservoir from 
which future cases will emerge”[6].

Lymphadenopathy is the most common finding in 
primary TB. In a study by Lamont et al[7], it was concluded 
that lymphadenopathy was the most common single 
manifestation of  primary tuberculosis in children, occur-
ring in two-thirds of  patients in a series of  154 patients, 

90% of  whom had associated parenchymal abnormalities. 
Weber et al[8] reported lymphadenopathy in 96% of  cases. 
Leung et al[9] found lymphadenopathy was present in 92% 
cases on chest radiography, and it was the most common 
abnormality detected. We found enlargement of  mediasti-
nal or hilar lymph nodes in 88/91 patients (96.7%), which 
is comparable to other reports.

Location
The common sites of  lymphadenopathy reported in pri-
mary tuberculosis are right paratracheal, hilar and subcari-
nal. Leung et al[9] noted that the most common sites were 
right paratracheal and hilar. Andronikou et al[10] observed 
that the most frequently involved location was subcarinal 
(90%), followed by the hilar (85%), anterior mediastinum 
(79%), precarinal (64%) and right paratracheal (63%). 
Multiple sites were involved in 88% of  patients and a 
single site (subcarinal) was present in only 4% of  patients. 
Nodes at all the sites simultaneously were present in 35% 
of  patients. Kim et al[11] found that right paratracheal nodes 
(73%) were the most common, followed by right hilar 
(34.1%). Our study was in concordance with the above 
studies, with the most common locations being paratra-
cheal (84.1%), subcarinal (76.1%), pretracheal (56.8%), 
precarinal (54.5%), and right hilar (52.3%). Prevascular 
nodes were enlarged in 25% of  patients. Lymph node 
involvement was found in a single site in only 1 (1.1%) 
patient, involving the right paratracheal node, while in the 
rest of  the patients multiple sites were involved. Lymph 
nodes were seen in all the sites in 4 (4.4%) patients.

Size
In a study by Andronikou et al[10], subcarinal was the most 
commonly affected site and also the site with the larg-
est nodes. Other sites with the largest lymph nodes were 
prevascular and paratracheal. We also observed that the 
largest nodes were found in the prevascular (6.5 cm), sub-
carinal (5.5 cm), and paratracheal (5 cm) nodes. 

Characteristics
Though the typical enhancement pattern reported in 
tuberculosis is peripheral rim enhancement with central 
necrosis, several studies have described other patterns, like 
homogenous and inhomogenous enhancement. Kim et al[11] 
found that 70.7% of  patients had nodes with a low attenua-
tion centre and enhancing rim. In the study by Andronikou  
et al[10], enhancement was present in 67% and was invari-
ably ghost like, rather than ring enhancing. In our study, 
we found the most common pattern enhancement to be 
inhomogeneous (52.3%) followed by homogeneous (34.1%) 
and rim enhancing (13.6%). The major difference observed 
in our study was the presence of  homogeneous nodes 
which has not been reported in pediatric studies; however 
in a study in adults, the incidence was reported to be 9%[12]. 

We also observed calcification in 28.4% of  patients, as 
compared to the reported incidence of  9% by Andronikou 
et al[10], and 12.2% by Kim et al[11]. In the present study, we 
observed conglomeration of  nodes and obliteration of  
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Table 4  Comparison of nodal characteristics pre- and post-
treatment

Lymph nodal 
characteristics

Frequency (n  = 30) P  value

Pre-treatment Post-treatment

Lymph nodes seen with 
mean size

30 (1.83 cm) 24 (0.23 cm) < 0.05

Enhancement pattern
   Peripheral rim   3   0 < 0.05
   Homogeneous   7 24 > 0.05
   Inhomogeneous 20   0 < 0.05
Calcification   8 10 > 0.05
Conglomerate 11   0 < 0.05
Discrete 19 24 > 0.05
Obscured perinodal fat 17   0 < 0.05

Table 5  Nodal characteristics in patients who had residual dis-
ease at 6 mo

Nodes Pre-treatment 6 mo 9 mo

Mean size (cm)    2.4    1.8    1.4
Maximum size (cm) 5    4.5    3.5
Enhancement 
   Peripheral rim 2 2 1
   Homogeneous 0 1 2
   Inhomogeneous 1 0 0
Calcification 1 1 1
Conglomerate 1 1 1
Discrete 2 2 2
Obscured perinodal fat 2 1 0
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perinodal fat as an important indicator of  active disease. 
The nodes were conglomerate in 56.8% and discrete in 
43.2%. In addition, perinodal fat was obscured in 84.1% 
patients. The pediatric studies did not make a mention 
of  these characteristics. In a study in adults, by Pombo  
et al[12], obliteration of  perinodal fat was found in 39.5% 
of  patients. 

To the best of  our knowledge, there is no study in 
a pediatric population which has compared the nodal 
characteristics on imaging before and after treatment in 
children. In a study in adults, by Moon et al[13], 49 patients 
were studied, of  which 37 were classified as active and 
12 as inactive on the basis of  lymph nodal biopsy. They 
reported that in 100% of  patients with active disease, the 
nodes had peripheral rim enhancement with central low 
attenuation on CT. Calcification was observed in 19%. 
On the other hand, in inactive disease the nodes were 
homogenous, without central low attenuation areas, and 
calcification was found in 83% of  patients. The central 
hypodense areas pathologically corresponded to areas of  
caseation necrosis. In the present study, we found small 
nodes in 24/30 patients (80%), which were insignificant 
as they were < 1 cm in size. The mean size of  the nodes 
was 0.23 cm, with 87.4% reduction in size of  the nodes, 
as compared to the initial scan. All nodes in the post-
treatment scan were discrete and homogenous with visible 
surrounding perinodal fat. Calcification was found in both 
pre- and post-treatment scans, but there was an increase 
in its incidence after treatment (41.7%). Hence, although 
nodes were seen on follow up, these were insignificant as 
per size criteria.

Thus, there was a reduction in size, change in the 
enhancement pattern, and reappearance of  perinodal fat 
with treatment. Our study correlated with the study by 
Moon et al[13] in adults, in terms of  homogenous nodes 
without necrosis in the post-treatment CT. However, the 
incidence of  calcification in inactive disease was lower in 
our study. 

In our study, there were 15 patients who had residual 
disease on imaging after 6 mo of  ATT. Even though there 
was a 52% reduction in the size of  nodes the mean size 
was still significant. There was an increase in the number 
of  patients showing homogenous nodes, but still 33.3% 
patients showed peripheral and inhomogenous enhance-
ment. Obscuration of  perinodal fat was found in 13.3% 
of  patients. Thus, though there was a response to treat-
ment, significant nodes persisted after 6 mo. Further 
follow-up CT at 9 mo was available in 9 patients which 
showed regression of  nodes, either with ATT (n = 4), or 
without ATT (n = 2). Hence, in all patients, nodes became 
insignificant, except in 3 patients in whom the clinical 
signs of  activity still persisted. The decision for continu-
ation or discontinuation of  ATT was based on clinical 
signs of  activity. 

Hence, residual sizable nodes at the end of  6 mo of  
ATT did not necessarily indicate an active disease on the 
basis of  radiological finding alone. Rather the evaluation of  
activity required a clinical correlation. Hence, nodes of  size 

> 1 cm represented an active disease only in symptomatic 
patients. We have reached this conclusion based on the fact 
that our patients who became clinically inactive at 6 mo  
(n = 2) showed regression of  nodes at 9 mo to insignificant 
size despite stopping the ATT at 6 mo. The rate of  regres-
sion, however, was variable in children, ranging from 6 to 
9 mo. We do not have a pathological correlation to say that 
the residual nodes were active or inactive, and the decision 
to treat these nodes was based on clinical correlation. Also 
to ascertain the significance of  residual nodes, particularly 
in asymptomatic children, and to determine whether nodes 
should determine the end point of  treatment, further stud-
ies with histopathological correlation can only conclusively 
prove activity vs inactivity in these patients. Although the 
numbers in our study are small for making any definite 
conclusions we recommend that in patients having >  
1 cm size nodes on completion of  6 mo of  treatment the 
decision to continue or stop treatment should be based on 
clinical and radiological correlation.

To conclude, tubercular nodes may have varied ap-
pearances, the most common being inhomogeneous and 
only a small number of  patients having typical rim en-
hancement with central necrosis. However, homogeneous 
enlargement does not exclude tubercular etiology. Major 
determinants of  disease activity are nodal enlargement, 
conglomeration and obscuration of  perinodal fat. The 
decision to continue or withdraw ATT should always be 
taken after correlating clinical and imaging findings as per-
sistent homogeneous and discrete but enlarged/equivocal 
nodes may not always suggest active disease.
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