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Abstract

Objectives: To study the computed tomography (CT) features of tuberculous meningitis in children.

Methods: A total of 45 patients diagnosed with neurotuberculosis were included. Cranial CT scans were done in these patients with and without 1V
contrast. The CT results were evaluated.

Results: CT findings were abnormal in 41 (91.11%) and normal in 4 (8.89%). Basal exudate was the most common finding, seen in 25 (55.55%) cases
followed by hydrocephalus in 15 (33.33%) cases. Infarcts were seen in 8 (17.77%), tuberculoma in 6 (13.33%), cerebral oedema in 3 (6.66%) children,
cerebral atrophy and cerebral abscess were 1 (2.22%) each.

Conclusion: CT is abnormal in the great majority of patients with neurotuberculosis and can aid in the diagnosis. Basal enhancement was the most
common finding in our study.
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1. Introduction

Tuberculosis is a major global health problem. Worldwide about 8.6 million people developed tuberculosis in 2012, among whom 1.3 million
died of the disease.* Despite India having a robust antituberculosis programme, one fourth of the global incident tuberculosis cases occur in India annually.?

Central nervous system tuberculosis generally mirrors the incidence of tuberculosis in the community. Around 10% of patients who have
tuberculosis elsewhere in the body develop neurotuberculosis.* The most important complication of primary tuberculous infection that leads to high
mortality and morbidity is neurotuberculosis.*

The diagnosis of neurotuberculosis frequently constitutes a difficult problem. Partially treated meningitis may give a similar cerebrospinal fluid
(CSF) picture as that of tuberculous meningitis (TBM).>® There is also a diagnostic dilemma between TBM and other meningoencephalitides.® As delay in
diagnosis and treatment leads to greater morbidity and mortality, the emphasis should be on early diagnosis of neurotuberculosis.”®

The role of CT in early diagnosis of TBM and its complications is well established.?*™ It is valuable in identifying intracranial lesions which are
characteristic of neurotuberculosis. Cranial CT scan within 1 week of initial symptoms may reveal basilar enhancement or infarction. When combined with
CSF findings atypical for common bacterial infection, these radiologic findings support the prompt initiation of antitubercular therapy.'* Magnetic resonance
imaging (MRI) is in general more sensitive to the detection of neurotuberculosis,*? but is more expensive, requires more time, not easily accessible in
developing countries and there are technical considerations of life support equipment and need for sedation/anaesthesia in younger children. Hence CT is
still the diagnostic imaging mainstay in many resource poor settings to demonstrate the various aspects of neurotuberculosis on initial presentation and
monitor the evolution of the disease and response to therapy as it is easily accessible and rapid. There are few studies documenting the CT findings in
children with neurotuberculosis. This study was undertaken to evaluate the profile of radiological features of neurotuberculosis in an exclusively pediatric
population.

2. Materials and method

Children between 6 months to 18 years of age admitted to the teaching hospitals attached to a medical college, who were diagnosed as
neurotuberculosis were included in the study. The diagnosis of neurotuberculosis was made according to a predesigned protocol, which included detailed
history, physical examination and relevant investigations. Clinical grading at the time of presentation for all patients were done according to the British
Medical Council staging.”* All patients underwent Mantoux test, CSF examination, chest x-ray, and CT scan.

CT scans before and after IV administered contrast material was obtained on a Siemens Somotom ARC computed tomography system which is a
modified third generation machine. The CT study was performed according to the departmental protocol specifying sequence and method. Reading of study
was done by a consultant radiologist. The CT studies were reported as normal or abnormal. The abnormal CTs were further grouped as: basal enhancement
(post contrast), hydrocephalus, granulomata, infarcts, abscess, atrophy and cerebral oedema.

3. Results

A total of 45 patients diagnosed as neurotuberculosis were included in the study. CT was abnormal in 41 (91.11%) out of 45 cases and was
normal in 4 (8.89%) cases.
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Table 1: CT features

Features No. (n = 45) | Percentage (%)
Basal exudates 25 55.55
Hydrocephalus 15 33.33

Infarct 8 17.77
Tuberculoma 6 13.33
Cerebral Oedema 3 6.66
Cerebral atrophy 1 2.22
Cerebral abscess 1 2.22
Normal 4 8.88

Table 1 shows the various features seen on CT. The most common features were basal exudates, followed by hydrocephalus, infarcts and
tuberculoma respectively. Majority (80%) of hydrocephalus was communicating type, only 20% had obstructive type. Most ( 87.5%) infarcts were seen in
the middle cerebral artery(MCA) territory and very few(12.5%) in the anterior cerebral artery(ACA) territory. Tuberculomas were supratentorial in location
and solitary in majority patients (83.3%), infratentorial in only one patient and they were multiple. Cerebral oedema was seen in a few children and other
features like cerebral atrophy and cerebral abscess were seen in 1 each.

Table 2: TBM stages with CT features

Be | Hc [ In | Tu | COe | 2f | 3f | N | At | Total %
Stage | 1 - - - - 1 - - - 2 4.4
Stage 11 7 1 1 5 1 2 -2 1 20 44.44
Stagelll | 5 3 2 - - 7142 - 23 51.12
Total 13| 4 3 5 1 1004 | 4 1 45 100

Note: Be- basal exudates, Hc-hydrocephalus, In-infarcts, Tu-tuberculoma, C Oe-cerebral oedema, 2f-2 features 3f-3 features, N-normal, At-atrophy.
Table 2 shows the distribution of CT features found in the various stages of TBM. Most children presented with stage 3 disease. Basal exudates
were the commonest feature in stage two diseases and almost 50% had multiple features in stage 3.

4. Discussion
The early diagnosis of TBM remains difficult especially in children, as they may present with insidious onset and non specific clinical

findings.*****® CT helps in recognising features suggestive of CNS tuberculosis like basal enhancement, tuberculoma and identifying complications of TBM
including infarction and hydrocephalus.®**#*° The common triad of CT findings in TBM are:

1. Basal meningeal enhancement

2. Hydrocephalus

3. Infarction
In our study CT was abnormal in majority of cases.

Table 3: Comparison of CT features in various studies.

Pienaar et al? | Kingsley et al® s | Bhargavaetal® | Kumar etal®®

CT features Psrtisjm N=30 n=25 B“”‘Eﬁ/k)et al n=60 (%)

Y (%) (%) ° (%) n=94

Basal exudates 55.55 70 64 64.2 81.66 82.7

Hydrocephalus 33.33 76.66 84 76 83.05 80.6

Infarcts 17.77 70 32 20.5 28.33 19.3

Tuberculoma 13.33 16 28 - 10 23.6
Cerebral oedema 6.66 - - - 3.33 -

Cerebral atrophy 2.22 - - - - 6.45
Cerebral abscess 2.22 - - - - -

Basal exudate is the most consistent feature of TBM. The highest sensitivity (83%) and specificity (100%) for the diagnosis of TBM has been
found to be for basal enhancement.’® It was the commonest finding on CT in the present study. Similar observation was made by Kumar et al.*® Other
studies had a higher occurrence of basal exudates than ours.'??

Hydrocephalus is the most frequent complication of TBM and is generally more prominent in the pediatric age group.” Most studies had a high
occurrence of hydrocephalus and it was also the commonest feature seen on CT,>*#??! whereas our study had a significantly low occurrence at 33.33%.
However a study done in Pakistan found hydrocephalus in less than 10% of patients.?®

Majority of the hydrocephalus in our study were of the communicating type as reported in literature.>®> Communicating hydrocephalus is due to
blockage of the basal cisterns by tubercular exudates in the acute stage and adhesive leptomeningitis in chronic stages. Of the three obstructive
hydrocephalus cases in our series, one was due to blockade of the aqueduct by multiple tuberculomas, one due to pressure by cerebral abscess and another
may be due to entrapment of the ventricle by granulomatous ependymitis.

Infarcts are another common complication of basal meningitis which contributes to the morbidity and mortality. The reported frequency of
infarcts demonstrated on CT varies from 20.5% to 38%°*3*%2! which correlates with our series. However in the study by Piennar*? 70% of the patients had
infarcts on CT. Most infarcts in our series were in the MCA territory similar to that reported by Bhargava et al?*, however they also had involvement of the
PCA territory. Infarcts in the PCA territory are picked up better by MRI.*

Compared to basal exudates and hydrocephalus, tuberculomas are infrequently seen. The occurrence of tuberculoma in our series correlated well
with other studies.”*'8?' The CSF analysis in about 70% patients with tuberculoma in our study was normal, which highlights the importance of CT in the
diagnosis of TBM.

Other than the classical triad, associated features like cerebral oedema and atrophy have been reported by very few studies. A study done in
Pakistan reported cerebral oedema in14% and cerebral atrophy in 4%.%* Cerebral atrophy in neurotuberculosis can attributed to be secondary to the
infection itself.

We also report the rare occurrence of tubercular abscess in one patient which has hardly been reported by other studies documenting CT features.
Tubercular brain abscess is a rare complication seen in less than 10% of all patients with neurotuberculosis.*®

Piennar demonstrated that MRI detected basal exudates, tuberculoma and infarcts missed on CT and that hydrocephalus is equally picked by both
CT and MRI.*2 However as MRI was not available at our institute it was not done in any patient. Probably it would have revealed some abnormality in the 4
patients with normal CT in our study.

An early diagnosis of neurotuberculosis is crucial for treatment and prognosis. Approximately 95% of our patients presented in stage 2 or 3. Low
socioeconomic status and educational level may have contributed to the patient’s families seeking treatment at a later stage. Majority of our patients were in
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stage 3 at the time of presentation followed by stage 2. This is different from the two series in Pakistan®?; which had majority of patients in stage 2
followed by stage 3. This suggests that patients were sicker in our study group as also inferred by the occurrence of majority of multiple findings on CT in
stage 3.

Interesting part of our study is reporting the number of occurrence of multiple features in the various stages of TBM which very few studies have
done.

4. Conclusion

CT scanning demonstrates abnormalities in majority of patients with neurotuberculosis. Our study highlights the importance of CT in patients
with tuberculoma who may have normal CSF and hence may lead to diagnostic confusion. In endemic areas like India, along with clinical and other
laboratory features, CT scanning is an important adjunctive in the diagnosis and management of CNS tuberculosis.

Acknowledgements
Late Dr. KM Vijaykumar for his guidance throughout the study. Sincere thanks to my colleagues in the Department of Pediatrics for their help in
preparing the manuscript.

References

1. World Health Organisation. Executive summary. Global Tuberculosis Report 2013. Geneva: WHO; 23 Oct 2013. [Cited 2014 Sep 4]. Available
from:http://apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf

2. TBIndia 2014. RNTCP Annual Status Report 2014. Directorate General of Health Services, Ministry of Health and Family Welfare. [Cited 2014 Sep 4].
Auvailable from: http://tbcindia.nic.in/pdfs/TB%20India%202012-%20Annual%20Report.pdf

3. Sher K, Firdaus, Abbasi A, Bullo N, Kumar S. Stages of Tuberculous Meningitis: a Clinicoradiologic Analysis. J Coll Physicians Surg Pak 2013;
23(6):405-8.

4. Miller FJW. Tuberculosis in children evaluation, epidemiology, treatment, prevention. New Delhi: Churchill Livingstone Pvt Ltd; 1982.

5. Bullock MRR, Welchman JM. Diagnostic and prognostic features of tuberculous meningitis on CT scanning. J Neurol Neurosurg Psychiatry 1982;
45:1098-101.

6. Kumar R, Singh SN, Kohli N. A diagnostic rule for tuberculous meningitis. Arch Dis Child 1999;81:221-24.

7. Kumar R, Kohli N, Thavani, Kumar A, Sharma B. Value of CT scan in the diagnosis of meningitis. Indian Pediatr 1996; 33(6):465-8.

8. Schoeman JF, Van Zyl LE, Laubscher JA, Donald PR. Serial CT scanning in childhood tuberculous meningitis: prognostic features in 198 cases. J Child
Neurol 1995; 10(4):320-9.

9. Bernaerts A, Vanhoenacker FM, Parizel PM, van Goethem JW, van Altena R, Laridon A, de Roeck J, Coeman V, de Schepper AM. Tuberculosis of the
central nervous system: overview of neuroradiological findings. Eur Radiol 2003;13:1876-90.

10. De Castro CC, de Varros NG, Campos ZM, Cerri GG. CT scans of cranial tuberculosis. Radiol Clin North Am 1995; 33(4):753-69.

11. Curless RG, Mitchell CD. Central nervous system tuberculosis in children. Pediatr Neurol 1992; 8(3):240.

12. Pienaar M, Andronikou S, van Toorn R. MRI to demonstrate diagnostic features and complications of TBM not seen with CT. Childs Nerv Syst 2009;
25:941-47.

13. Gulati S, Kabra V, Seth R, Seth V. Neurotuberculosis. In: Seth V, Kabra SK, editors. Essentials of Tuberculosis in children. 3 ed. New Delhi: Jaypee
Brothers; 2006. p. 157-247.

14. Cassleman ES, Hasso AN, Ashwal S, Schneider S. Computed tomography of tuberculous meningitis in infants and children. J Comput Assist
Tomogr. 1980; 4(2):211-6.

15. Hooijboer PG, Van der Vliet AM, Sinnige LG. Tuberculous meningitis in native Dutch children: a report of 4 cases. Pediatr Radiol 1996; 26:542-546

16. Witrak BJ, Ellis GT. Intracranial tuberculosis: manifestations on computerised tomography. South Med J 1985;78:386-392.

17. Farinha NJ, Razali KA, Holzel H, Morgan G, Novelli VM. Tuberculosis of the central nervous system in children: a Farinha 20-year survey. J Infect
2000; 41:61-68 .

18. Kumar R, Kohli N, Thavani, Kumar A, Sharma B. Value of CT scan in the diagnosis of meningitis. Indian Pediatr 1996; 33(6):465-8.

19. Ozates N, Kemaloglu S, Gurkan F, Ozkan U, Hosoglu S, Simsek NN. CT of brain in tuberculous meningitis. A review of 289 patients. Acta Radiol
2000; 41(1):13-17.

20. Kingsley DPE, Hendrickse WA, Kendall BE, Swash M, Singh V. Tuberculous meningitis: role of CT in management and prognosis. J Neurol
Neurosurg Psychiatry 1987; 50:30-6.

21. Bhargava S, Gupta AK, Tandon PN. Tuberculous meningitis- A CT study. Br J Radiol 1982; 55:189-96.

22. Yaramis A, Gurkan F, Elenli M, Soker M, Haspolat K, Kirbas G et al. Central nervous system tuberculosis is children : a review of 214 cases. Pediatrics
1998; 102(5):E49.

23. Amin Y, Shaukat A, Mian BA. Intracranial manifestations of tuberculosis: an imaging study. Biomedica 2004; 20:1-4.

24. Wasay M, Ajmal S, Taqui AM, Uddin N, Azam |, Husen Y et al. Impact of bacilli Calmette- Guerin vaccination on neuroradiological manifestations of
pediatric tuberculous meningitis. J Child Neurol 2010; 25(5):581-86.

25. Zafar SA, Irfan M. Lateral rectus palsy: an important sign in diagnosing tuberculous meningitis. KMJ 2011; 3:10-4.

26. Provenzale JM, Jinkins JR. Brain and spine imaging findings in AIDS patients. Radiol Clin North Am 1997; 35:1127-66.

27. Andronikou S, Smith B, Hatterhill M, Douis H, Wilmshurst Jo. Definitive neuroradiological diagnostic features of tuberculous meningitis in children.
Pediatr Radiol 2004;34:876-85.

[JBR (2014) 05 (11) www.ssjournals.com


http://apps.who.int/iris/bitstream/10665/91355/1/9789241564656_eng.pdf
http://tbcindia.nic.in/pdfs/TB%20India%202012-%20Annual%20Report.pdf
http://www.ncbi.nlm.nih.gov/pubmed?term=Schoeman%20JF%5BAuthor%5D&cauthor=true&cauthor_uid=7594269
http://www.ncbi.nlm.nih.gov/pubmed?term=Van%20Zyl%20LE%5BAuthor%5D&cauthor=true&cauthor_uid=7594269
http://www.ncbi.nlm.nih.gov/pubmed?term=Laubscher%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=7594269
http://www.ncbi.nlm.nih.gov/pubmed?term=Donald%20PR%5BAuthor%5D&cauthor=true&cauthor_uid=7594269
http://www.ncbi.nlm.nih.gov/pubmed?term=Cassleman%20ES%5BAuthor%5D&cauthor=true&cauthor_uid=6965948
http://www.ncbi.nlm.nih.gov/pubmed?term=Hasso%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=6965948
http://www.ncbi.nlm.nih.gov/pubmed?term=Ashwal%20S%5BAuthor%5D&cauthor=true&cauthor_uid=6965948
http://www.ncbi.nlm.nih.gov/pubmed?term=Schneider%20S%5BAuthor%5D&cauthor=true&cauthor_uid=6965948
http://www.ncbi.nlm.nih.gov/pubmed/6965948
http://www.ncbi.nlm.nih.gov/pubmed/6965948
http://www.ncbi.nlm.nih.gov/pubmed/6965948

