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Abstract
AIM: To compare the manifestations of chest tuberculosis (TB) in pediatric and adult patients based on contrast enhanced computed tomography of chest.

METHODS: This was a retrospective study consisting of 152 patients of chest TB including 48 children and 104 adults who had undergone contrast enhanced computed tomography of chest prior to treatment. The patterns and severity of parenchymal, mediastinal and pleural manifestations were analyzed and compared among different age groups.

RESULTS: Parenchymal changes observed include consolidation, air space nodules, miliary TB, cavitation, bronchiectasis and fibrosis and these were noted in 60% of children, 71% of adolescents and 76.9% of adults. These changes were more common in right upper lobe in all age groups. There was no significant difference in the frequency of these changes (except nodules) in different age groups. Centrilobular nodules were seen less commonly in children less than 10 years (P = 0.028). Pleural effusion was noted in 28 (18.42%) patients and pericardial effusion in 8 (5.3%) patients. No significant difference in the serosal involvement is seen among children and adults. Mediastinal adenopathy was seen 70% of children, 76.3% adolescents and 76.9% of adults and paratracheal nodes were seen most frequently. Nodes had similar features (except matting) among all age groups. Matting of nodes was seen more commonly in children (P = 0.014). 

CONCLUSION: Pediatric chest tuberculosis can have severe parenchymal lesions and nodal involvement similar to adults. The destructive lung changes observed in children needs immediate attention in view of the longer life span they have and hence formulating optimal treatment strategies.

© 2013 Baishideng. All rights reserved.
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INTRODUCTION
Pulmonary tuberculosis (TB) is a common lung infection worldwide with higher prevalence in developing countries. It continues to be a major medical and social problem with high morbidity and mortality. TB is second only to HIV/AIDS as the greatest killer worldwide due to a single infectious agent. In 2011, 8.7 million people contracted tuberculosis out of which 1.4 million died from TB. About half a million children (0-14 years) fell ill with TB, and 64000 children died from the disease in 2011[1]. The annual risk of tuberculous infection in children in developing countries is 2%-5%. About 8%-20 % of deaths due to tuberculosis occur in children[2,3].
Tuberculosis in children is mostly related to primary infection and earlier studies stated that it present with various forms of relatively less aggressive primary tuberculosis[4]. Traditionally it was thought that manifestations of primary tuberculosis are distinct from reactivation tuberculosis in terms of location and pattern[5,6]. The most common form of pediatric TB, the classical primary complex consists of a focal parenchymal lesion typically in mid-lower zones with enlarged draining hilar/paratracheal node. Other presentations of primary TB include miliary TB[7], exudative pleuritis and trachea-bronchial TB[8,9]. However contrary to the common notion, aggressive forms of pulmonary tuberculosis akin to adult forms are increasingly seen in pediatric clinical practice especially in adolescents[10-13]. A thorough review of available literature did not reveal any comparative studies with computed tomography (CT) scan in pediatric and adult tuberculosis. Our retrospective study is aimed to compare the pulmonary manifestations of TB in pediatric and adult population.

MATERIALS AND METHODS
In this retrospective study we analyzed CT records of 152 patients of pulmonary tuberculosis who underwent CT scans from Nov 2010 to Jan 2013. The diagnosis of pulmonary tuberculosis was based on clinical/ and radiographic/ and pathologic criteria. Patients were presented with clinical symptoms such as cough for more than two weeks, fever, weight loss, hemoptysis or anorexia. Along with clinical features two out of four of the following criteria had to be met: (1) A positive mantoux test; (2) History of contact with a sputum positive patient of tuberculosis; (3) Radiographic findings of mycobacterium tuberculosis such as primary complex, miliary disease, cavitary lesion, or hilaradenopathy; and (4) Isolation of AFB from sputum, gastric aspirate or broncho-alveolar lavage, lymph node aspirate[14-19]. Immunocompromised patients were excluded from the study. Informed consent and clearance from the local ethical committee was not required due to the retrospective nature of the study.
CT scans were performed either on Somatom Sensation 40 (Siemens, Erlangen, Germany) or Somatom Definition Flash (Siemens healthcare, Forchcheim, Germany). Images were acquired after administering intravenous nonionic iodinated contrast [Iomeron 400 (Iomeprol, Bracco, Milano, Italy), Iohexol 300 (Omnipaque, GE Health care, Ireland)] which was injected by hand with an average delay of 50-70 s and thus providing venous phase images. Adult patients were given 60 mL of contrast and pediatric dose was calculated according to the body weight not exceeding 2mL/kg. 
Scanning was performed in adults with a collimation of 1.2 mm, a pitch of 1.4:1, a 512  512 matrix, field view of 38 cm, 120 kVp, and 100 mAs. In children images were acquired with a smaller field of view with 120 kVp and variable mAs (on Somatom Sensation 40) and variable kVp and mAs (on Somatom Definition Flash) according to the body thickness by tube current modulation.

Image reconstruction
After acquisition images were reconstructed in lung and mediastinal windows. Lung window images were reconstructed using sharp kernel (B60f) and a wide window width of 1500 HU with centre at -600 HU. Mediastinal window images are reconstructed using smooth kernel (B30f) and window width of 400 HU with centre at 40 HU. For both lung and mediastinal windows images were reconstructed with a thickness of 5mm in adults and 3 mm in children. HRCT images were reconstructed in lung window settings using ultra-sharp kernel (U80f) with section thickness of 1.5 mm. For HRCT reconstruction interslice gap was 10 mm in adults and 8 mm in children. 

Image analysis
Images were reviewed by two radiologists, with 15 years and 7 years of experience in thoracic imaging and interpretations made by consensus. Images were qualitatively analyzed for the presence of parenchymal changes and lymph nodal involvement. Parenchymal changes such as consolidation, centrilobular nodules, miliary nodules, bronchiectasis, cavitation and fibrosis were assessed. For analyzing the zonal predominance and bulkiness of the disease both lungs were divided into upper, mid and lower zones. Lung field from apex to carina as upper zone, carina to the level of inferior pulmonary veins as mid zone and below as lower zone. Distribution of abnormalities and total number of zones involved as a measurement of bulkiness of the disease were assessed. Mediastinal and hilar lymph nodes were assessed for the size, necrosis, matting and calcification. Other findings like pleural and pericardial effusion were noted.

Statistical analysis
For descriptive statistics the study population was divided into three groups; Group A: children(less than or equal to10 years), Group B: adolescents (11-18 years) and Group C: adults (above 18 years). The incidence, pattern and severity of parenchymal changes and nodal involvement were compared among the groups. They were also divided as below and above 10 years; and below and above 18 years for the determination of statistical significance. Statistical analysis was done using stata statistical software (version 12.1). χ2 test and Fisher’s exact test were used for analysis. A ’P’ value of less than 0.05 was considered as significant.  

RESULTS
The study group included 80 males and 72 females patients ranging in age from 3 mo to 96 years (mean 30 years). They were comprised of 10 children, 38 adolescents and 104 adults. Incidence and pattern of parenchymal changes and lymph nodal involvement were analyzed and compared among different groups (Figure 1).
We compared the parenchymal changes among pediatric, adolescent and adult patients. Parenchymal lesions were noted in 6 (60%) children, 27 (71%) adolescents and 80 (76.9%) adults (Table 1). Parenchymal changes were more common in right upper followed by right middle zone in all age groups. Higher incidence of changes noted in upper and middle zones than lower zones. Left lower zone is least commonly involved in patients older than 10 years. Among the patients with parenchymal disease, multiple zones ( 3) were seen to be involved in 3 (30%) children, 16 (42.1%) adolescents and 45 (56.25 %) adult patients (Table 1). The average number of zones involved in children, adolescent and adult patients were 2.83, 3.33 and 3.32 respectively.
Among the 152 patients we studied, consolidation was found in 54 (35.53%), centrilobular nodules in 93 (61.18%), bronchiectasis in 26 (17.11%), miliary in 4(2.63%), fibrosis in 22 (14.47%) and cavitation in 36 (23.84 %) patients. There was no statistically significant difference in the incidence of consolidation, miliary nodules, bronchiectasis, cavitation and fibrosis among different age groups studied. Centrilobular nodules were seen less commonly in children (P = 0.028) (Table 1).
Mediastinal lymphadenopathy was seen in 7 (70%), 29 (76.3%) and 74 (71.2%) respectively in children, adolescents and adult patients (Table 1). Among the mediastinal lymph nodes right paratracheal is the most commonly involved followed by subcarinal in all age groups. Involvement of multiple nodal groups ( 2) was seen in 28 (58%) of younger patients ( 18 years) and 51 (49%) older patients. In less than 10 years category all the 7 (70%) children with significant lymphadenopathy had involvement of multiple nodal groups. Involvement of multiple nodes ( 2 groups) was more commonly seen in children less than 10 years. The average number of nodal groups involved in children, adolescent and adult patients were 3.57, 2.52 and 2.23 respectively. Lymph node matting was seen more commonly in children (Table 1).
In 4 (40%) patients below 10 years lymphadenopathy was the only finding. Similarly 11 (29 %) patients between 10 to 18 years and 24 (23%) patients above 18 years had only lymphadenopathy.
Pleural effusion was noted in 28 (18.42%) patients and 13 of them showed loculation. Pericardial effusion was present in 8 (5.3%) patients. No significant difference in the serosal involvement is seen among children and adults (Table 1).

DISCUSSION
Tuberculosis continues to be a major medical, social and economic problem worldwide with its high morbidity and mortality. Children constitute about 5%-10% of patients suffering from tuberculosis worldwide. WHO data shows that in the year 2011 it about half a million children fell ill with tuberculosis and about 64000 died from the disease[1].
The pathologic form of pulmonary tuberculosis is classically classified as primary and post primary or secondary tuberculosis and is depended on the sensitivity of infected host. Primary tuberculosis presenting with hilar/paratracheal adenopathy with or without focal parenchymal changes in mid-lower zones is thought to be predominant form of tuberculosis in children. However contrary to the traditional belief incidence of adult form of TB is increasingly seen in pediatric patients in terms of location and severity. Previous authors have already questioned the validity of the terminologies (primary and secondary tuberculosis) in recent literature[10,11]. 
Our study included 152 patients including 48 children (below 18 years). Previous studies on pediatric tuberculosis used varying age criteria for children (Table 2). We also have separately analyzed data of children below 10 years and adolescents (11-18 years).

Mediastinal lymph nodes
Mediastinal lymphadenopathy is the predominant finding in primary tuberculosis either alone or in association with lung lesions[20]. Our study showed mediastinal adenopathy in 7 (70%), 29 (76.3%) and 74 (71.2%) respectively in children, adolescents and adult patients. Compared to previous studies slightly lower incidence of adenopathy is observed in our study (Table 2). Although there was no significant difference in the incidence of adenopathy in different age groups, there was a definite trend in the extensiveness of nodal involvement. Involvement of multiple nodal groups was seen significantly more common in children. Mediastinal adenopathy was the only finding in 31.3% of children (group A and B) against 23% of older patients (group C). This is different from data of Kim et al[21]and Khatami et al[22] who showed isolated nodal involvement in 7% and 10% respectively. Paratracheal followed by subcarinal were the most common locations of nodal involvement in all the groups and is similar to a recent data from Andronikou et al[23] and Mukund et al[24]. 
Necrotic nodes characterized by inhomogeneous attenuation or low attenuation centre and enhancing peripheral rim were seen in 48% of children (group A and B) and 41% of adults (group C)[25]. Necrotic nodes were shown in 65% of children in a study by Mukund et al[24] which is comparable. Matted nodes were seen in 50% of young children (group A) against 19% of older patients (groups B and C) (P = 0.02). Nodal calcification was seen in 40%, 26.3% and 24% of children, adolescents and adults respectively. Nodal calcification was seen in 12 % and 28.4% of children in studies by Kim et al[21] and Mukund et al[24] respectively. Hence apart from higher incidence of matting seen in young children no other significant difference in nodal characteristics is seen in different age groups.

Parenchymal changes
The typical parenchymal change in primary tuberculosis is focal consolidation (Ghon’s focus) seen classically in mid and lower zones. Cavitation, fibrosis and bronchiectasis are not commonly seen in primary tuberculosis. In our study, right upper zone was most commonly involved in all age groups and is comparable to the data by Koh et al[10] in which upper zone predominance is seen in 49% of patients. 68.75% of children (group A and B) showed lung parenchymal changes of tuberculosis against 76.9% of older patients (group C). Cavitation was seen in 30% of young children and 26% adolescents. Cavitating pneumonia was seen in 7% of children in the study by Kim et al[21] and 45% of adolescents by Koh et al[10].The recognition of cavitating disease in children is important because the presence of cavities correlate with organism load, drug resistance, treatment outcome and infectivity[11]. Bronchiectasis was seen in 18.8 % children (group A and B) against 16.4% in adults (Table 1).
There was no significant statistical difference in the incidence of consolidation, miliary disease, bronchiectasis, fibrosis and cavitation among different age groups. Centrilobular nodules were less commonly seen in children. When we compared the incidence of nodules in children (group A) against older patients (group B and C) significantly lower incidence is noted in young children (P = 0.014). 
Our study showed comparable frequency of pleural effusion, empyema and pericardial effusion in all age groups. It showed 20% and 13% incidence of pleural effusion in children and adolescents (Table 1). Kim et al[21] observed pleural effusion in 17% of children with tuberculosis. 
To conclude, children with pulmonary tuberculosis are equally prone to develop significant destructive changes in the lung with severe sequelae similar to older patients. The impact is much more severe in cases of children because they have longer life expectancy. Moreover, the cavitating lesions with high bacterial load make these children highly infective and pose an important hazard to community health, than previously thought. The similar location and aggressiveness of parenchymal changes observed in children, blurs the boundary defining primary and reactivation tuberculosis. Hence the need for revision of these terminologies demands urgent attention.

Limitations
First, our study included only those patients who had undergone CT scan at a tertiary institution and hence may not represent the exact patient population at the primary care level. However as all the patients in different age groups had been filtered in the same way the comparisons should remain valid. Secondly, we had only ten patients in below 10 years category and hence further studies including more number of children will help in strengthening the observations. 
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COMMENTS
Background
Tuberculosis is a contagious lung disease caused by mycobacterium tuberculosis. It is widely prevalent in developing countries and is a major threat to community health. Tuberculosis in children is traditionally believed to be less severe and less contagious as compared to adult disease. However recent evidences suggest that the distinction is far from truth and children are presenting with severe disease in presentation and outcome. This retrospective study is done to compare the disease characteristics based on imaging (computed tomography of chest) among children and adults who were presented to a tertiary care centre. 

Research frontiers
Tuberculosis in children can present in various forms ranging from subclinical infection to destructive parenchymal disease or extensive miliary disease. Early recognition of children having severe disease is essential in the management of disease and in prevention of spread. Although chest radiography is the primary imaging modality in chest tuberculosis, computed tomography is advisable in children presenting with atypical and severe manifestations. Studies on this background are essential in planning and modifying the strategies in the management of pediatric tuberculosis.

Innovations and breakthroughs
Present study has shown that the disease can strike children with similar aggressiveness as in adults and can very much be a source of infection in the community. Hence it is important to take adequate measures to prevent disease spread along with optimal treatment planning.

Applications
Early recognition of severe manifestations of pediatric chest tuberculosis is beneficial in optimal treatment planning. Despite the higher radiation exposure involved computed tomography of chest is the best investigation to get an accurate estimate of the disease in atypical and complicated cases.

Terminology
Computed tomography (CT) stands for computed tomography which is a radiological investigation using X-rays to produce tomographic images of the body. In the chest using different post-processing techniques CT provides much greater information than radiography.

Peer review
The study of pediatric vs adult pulmonary tuberculosis is very good. The study has certain on early recognition of severe manifestations of pediatric chest tuberculosis is beneficial in optimal treatment planning have practical significance.
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Figure 1 Computed tomography findings in children (less than 10 years), adolescents (10-18 years), and adults (above 18 years) with chest tuberculosis. A: Parenchymal consolidation in right lung with adjacent thick walled cavities; B: Multiple cavities with adjacent fibrosis in right upper lobe; C: Tiny low density nodules seen diffusely in both lungs in random distribution-miliary TB; D: Fibrobronchiectatic changes in right middle and lower lobes; E-F: Enlarged low attenuating necrotic nodes in right paratracheal, right hilar and subcarinal locations respectively with foci of calcification in subcarinal node (A-F: children); G: Parenchymal consolidation with centrilobular nodules in left lung, nodules in right middle lobe; H: Thick walled cavities with surrounding consolidation and air space nodules in both upper lobes; I-J: Pleural based fibrotic changes with calcification in right upper lobe with necrotic right paratracheal node (G-J: adolescents); K: Multifocal consolidation in right upper lobe; L: Thick walled cavities in right upper lobe; M: Miliary TB- multiple tiny nodules distributed randomly in both lungs; N: Fibrobronchietasis in right middle lobe with nodules in left lower lobe; O: Necrotic right paratracheal node with empyema in left side; P: Pericardial and bilateral pleural effusion (L-Q: adolescents).



Table 1 Incidence of lung and nodal involvement, Parenchymal changes, Mediastinal lymph nodal involvement and Pleural and pericardial effusion in the patients n (%)

	
	　
	Children (n = 10)
	Adolescents (n = 38) 
	Adults (n = 104) 

	Incidence of lung and nodal involvement 
	Parenchymal 
	 6 (60 %)
	27 (71 %)
	80 (76.9%)

	
	Lesions 
	
	
	

	
	Mediastinal 
	 7 (70%) 
	29 (76.3%) 
	74 (71.2%) 

	
	nodes 
	
	
	

	Zonal distribution
	Right upper 
	5 (50%) 
	19 (50%) 
	58 (55.77 %) 

	
	Left upper 
	2 (20%) 
	15 (39.47%) 
	45 (43.27%) 

	
	Right middle 
	4 (40%) 
	19 (50%) 
	54 (51.92 %) 

	
	Left middle 
	1 (10%) 
	 16 (42.11%) 
	43 (41.35 %)  

	
	Right lower 
	3 (30%) 
	12 (31.58%) 
	35 (33.65 %) 

	
	Left lower 
	2 (20 %) 
	 9 (23.68%) 
	30 (28.85%) 

	
	Consolidation 
	 3 (30 %) 
	16 (42.11 %) 
	35 (33.65 %) 

	
	Centrilobular nodulesa
	 2 (20%) 
	24 (63.16%) 
	67 (64.42%) 

	
	Miliary nodules 
	1 (10 %) 
	0
	3 (2.88%) 

	
	Bronchiectasis 
	1 (10%) 
	 8 (21.05%) 
	17 (16.35 %) 

	
	Fibrosis
	1 (10 %) 
	 7(18.42%) 
	14 (13.46 %) 

	
	Cavitation 
	3 (30 %) 
	10 (26.32%) 
	23 (22.33 %) 

	Ter
	Consolidation 
	3 (30 %) 
	16 (42.11 %) 
	35 (33.65 %) 

	
	Centrilobular nodulesa
	2 (20%) 
	24 (63.16%) 
	67 (64.42%) 

	
	Miliary nodules 
	1 (10 %) 
	0
	3 (2.88%) 

	
	Bronchiectasis 
	1 (10%) 
	8 (21.05%) 
	17 (16.35 %) 

	
	Fibrosis 
	1 (10 %) 
	7 (18.42%) 
	14 (13.46 %) 

	
	Cavitation 
	3 (30 %) 
	10 (26.32%) 
	23 (22.33 %) 

	Distribution
	Paratracheal 
	7 (70%) 
	22 (57.59%) 
	57 (54.81 %) 

	
	Precarinal 
	6 (60%) 
	9 (23.68%) 
	27 (25.96 %) 

	
	Subcarinal 
	7 (70%) 
	17 (44.74%) 
	40 (38.46 %) 

	
	Hilar
	5 (50%) 
	13 (34.21%) 
	27 (25.96 %) 

	
	AP window 
	0
	9 (23.68 %) 
	12 (11.54 %) 

	Characteristics
	Lymphadenopathy 
	7 (70 %) 
	21 (55.26 %) 
	50 (48.08 %) 

	
	Necrosis 
	6 (60%) 
	17 (44.74%) 
	43 (41.35%) 

	
	Mattinga 
	5 (50%) 
	11 (28.95%) 
	 16 (15.38 %) 

	
	Calcification 
	4 (40 %) 
	10 (26.32%) 
	25 (24.04 %) 

	Pleural and pericardial effusion in the patients n (%)
	Pleural effusion                                          
	2 (20%) 
	 5 (13.16%) 
	21 (20.19 %) 

	
	Pleural loculation
	1 (10%) 
	 2 (5.3%) 
	 10 (9.6%) 

	
	P Pericardial  effusion 
	0
	 1 (2.63 %) 
	 7 (6.73 %) 


aP  0.05.
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Table 2 Previous studies on imaging in pediatric chest tuberculosis
	Ref.
	Age
	Mod
	No
	Cons
	Nodu
	Mil
	Cavity
	Bects
	Node
	Plefn

	Leung et al[4](1992) 
	< 16
	 X-ray
	191
	69%
	NS
	NS
	NS
	NS
	92%
	6%

	Kim et al[21] (1997) 
	 < 14 
	CT 
	41
	49%
	29%
	17%
	7%
	NS
	83%
	17%

	Khatami et al[22] (2008)
	< 15
	 X ray
	30
	43.30%
	NS
	NS
	NS
	NS
	90%
	6.70%

	Koh et al[10] (2010)
	15-19
	X-ray
	90
	25%
	96%
	NS
	45%
	0
	2%
	0

	Mukund et al[24] (2011) 
	< 17
	CT
	91
	NS
	NS
	NS
	NS
	NS
	96.70%
	NS

	Our study (2013)
	< 18
	CT
	48
	39.60%
	54%
	2%
	27%
	18.80%
	75%
	14.60%


Mod: Imaging modality used; No: Number of cases; Cons: Consolidation; Nodu: Centrilobular nodules; Mil: Miliary nodules; Bects: bronchiectasis; Node: Mediastinal adenopathy; Plefn: Pleural effusion; NS: Not specified.


