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Abstract

Background—Pediatric tuberculous meningitis leads to high rates of mortality and morbidity. 

Prompt diagnosis and initiation of treatment are challenging; imaging findings play a key role in 

establishing the presumptive diagnosis. General brain imaging findings are well reported; however, 

specific data on cerebral vascular and spinal involvement in children are sparse.

Methods—This prospective cohort study examined admission and follow up computed 

tomography brain scans and magnetic resonance imaging scans of the brain, cerebral vessels 

(magnetic resonance angiogram) and spine at 3 weeks in children treated for tuberculous 

meningitis with hydrocephalus (inclusion criteria). Exclusion criteria were no hydrocephalus on 

admission, treatment of hydrocephalus or commencement of anti-TB treatment before study 

enrolment. Imaging findings were examined in association with outcome at 6 months.

Results—Forty-four patients (median age 3.3 [0.3-13.1] years) with definite (54%) or probable 

tuberculous meningitis were enrolled. Good clinical outcome was reported in 72%; the mortality 

rate was 16%. Infarcts were reported in 66% of patients and were predictive of poor outcome. 

Magnetic resonance angiogram abnormalities were reported in 55% of patients. Delayed 

tuberculomas developed in 11% of patients (after starting treatment). Spinal pathology was more 

common than expected, occurring in 76% of patients. Exudate in the spinal canal increased the 

difficulty of lumbar puncture and correlated with high cerebrospinal fluid protein content.

Conclusion—Tuberculous meningitis involves extensive pathology in the central nervous 

system. Severe infarction was predictive of poor outcome although this was not the case for 

angiographic abnormalities. Spinal disease occurs commonly and has important implications for 
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diagnosis and treatment. Comprehensive imaging of the brain, spine and cerebral vessels adds 

insight into disease pathophysiology.
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Introduction

Tuberculous meningitis (TBM) is the most serious form of extrapulmonary tuberculosis 

(TB) affecting children and leading to high rates of mortality, and physical and cognitive 

morbidity 1–3. Prompt diagnosis and commencement of treatment are key to minimizing the 

risk of poor outcome 4; however, early diagnosis remains challenging due to the non-

specific presentation, delayed cerebrospinal fluid (CSF) culture results, and poor culture 

yield. Radiological features suggestive of TBM are important in establishing the 

presumptive diagnosis, combined with the history, clinical examination, and CSF findings 5, 

6. Follow up imaging is vital in guiding the treatment of intracranial pressure (ICP), 

providing information on disease evolution and predicting outcome 4, 7.

Basal enhancement, due to meningeal inflammation and the presence of exudate, is 

considered one of the most sensitive imaging findings in TBM 5. This exudate blocks the 

normal flow of CSF, contributing to the hydrocephalus (HCP) that accompanies TBM in 

80-90% of patients 1, 4, 8. Hydrocephalus is of two forms; communicating hydrocephalus if 

the obstruction to CSF flow by the exudate occurs in the subarachnoid space, mostly at the 

level of basal cisterns, and non-communicating hydrocephalus when the obstruction occurs 

at the outlet foramina of the 4th ventricle at the cerebral aqueduct, caused by the 

circumferential compression of meningeal exudates, mesencephalic edema, intraventricular 

exudate or the presence of a tuberculoma 9, 10, although this occurs less frequently 

(12-25%) 1, 4, 11. The exudate may also lead to vasculitis and occlusion of the basal vessels 

12. Consequently, the brain is at risk of ischemia and infarcts are reported in 30- 60% of 

pediatric patients with TBM 1, 4, 7, 8, 13. Vascular involvement has been documented on 

angiography 14–16, however, the literature on the subject is sparse, especially in children. 

Spinal pathology associated with TBM has not been widely investigated 17, 18 and has 

largely focused on adult patients presenting with neurological deficits 19–21, although 

spinal disease may be clinically silent.

To date, there has been no study in children with TBM examining brain parenchymal 

findings in conjunction with cerebrovascular and spinal involvement. This prospective study 

describes the imaging features on computed tomography (CT) brain on admission and 

magnetic resonance imaging (MRI) of the brain, cerebral vessels and spine after 3 weeks, 

and their association with outcome in a cohort of children with TBM and HCP.
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Materials and Methods

Patient cohort

This study was approved by the Institutional Review Boards of the University of Cape Town, 

informed consent was obtained for all participants. Patients were selected as part of a 

prospective study on biomarkers conducted at Red Cross War Memorial Children’s Hospital 

over a 3-year period. All children treated for definite or probable TBM with associated HCP 

were enrolled (Figure 1). Definite TBM was defined by CSF positive for mycobacterium 

tuberculosis culture or visualization of acid-fast bacilli. Gene-Xpert (Cepheid) testing was 

not routine at the time of this study. Probable TBM was diagnosed according to a 

combination of clinical, bacteriological and radiological criteria 6. General demographic and 

clinical data were collected. Severity of disease was scored according to the refined British 

Medical Research Council criteria 22. Clinical outcome was assessed using the Pediatric 

Cerebral Performance Category Scale (PCPCS) 23 at 6 months after admission; scores were 

dichotomized as 1-3 (good outcome: normal function to moderate disability) and 4-6 (poor 

outcome: severe disability or death).

All patients were treated with the standard anti-TB drugs rifampicin, isoniazid, 

pyrazinamide and ethambutol with adjunctive prednisone 24, 25. HCP was managed 

according to a previously described protocol 10. Briefly, patients underwent air 

encephalography 26–28 to establish the communicating nature of the HCP; this involved 

injecting 5-10 ml of air into the lumbar subarachnoid space (SAS) after which the patient 

was sat in an upright position for 30 minutes. Air in the ventricular system suggests 

communicating hydrocephalus and air in the basal cisterns or over the convexity of the brain 

but not in the ventricular system suggests non-communication. Non-communicating HCP 

was treated with an endoscopic third ventriculostomy or ventriculoperitoneal shunt (VPS); 

communicating HCP was treated medically with repeated lumbar punctures (LPs) and 

acetazolamide and Furosemide for 3 weeks or until the ICP had normalized 29.

Imaging protocol

As per standard imaging protocol all patients had a pre and post contrast-enhanced CT brain 

scan on admission. These patients commonly present with a decreased level of 

consciousness, which is not specific to TBM and may be due to multiple causes including 

trauma and bleeds. The pre-contrast scans are performed to rule out these other possible 

causes of the decreased level of consciousness and only patients with a suspected infection 

will proceed to a contrast-enhanced scan. Further non-contrasted CT scans were indicated 

for surveillance and in the case of deteriorating clinical status. An MRI of the brain and 

spine was scheduled for 3 weeks post-admission. MRI was not performed on admission due 

to limited resources. The 3 week time period was selected to allow for better evaluation of 

infarcts or tuberculomas that developed after admission. CT scans after discharge were 

performed to follow-up HCP and the evolution of intracranial pathology.

Admission CT brains pre- and post- administration of intravenous non-ionic contrast 

(Ultravist 1ml/kg) were performed on a 64 slice Phillips Brilliance scanner. MRI scans 

(Philips Achieva 1.5 Tesla) included axial T2, axial FLAIR, 3D T1 (acquired sagitally and 
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reformatted in 3 planes), time of flight (TOF) magnetic resonance angiogram (MRA), 

diffusion weighted imaging (DWI) and axial T1 post-contrast (Magnevist –gadopentetic 

acid) of the brain and sagittal T2 and T1 pre and post contrast of the whole spine. Axial T2 

and T1 post-contrast sequences were obtained through the area of pathology if a focal lesion 

was detected. Patients were either sedated or had a general anesthetic as per standard 

hospital protocol. Imaging was performed immediately after gadolinium contrast was 

administered. Chest X-Rays (CXRs) were performed routinely.

Imaging data

Scans were reviewed by three senior pediatric radiologists and a senior pediatric 

neurosurgeon according to criteria set by the reviewers due to the paucity of standardized 

criteria. Reviewers were blinded to patient clinical characteristics and outcome. Specific 

features recorded included severity of hydrocephalus (Figure 2), focal or diffuse 

enhancement (Figure 3), presence of precontrast hyperdensity, development and pattern of 

infarction (Figure 4), presence of tuberculomas, angiographic abnormalities, spinal 

arachnoiditis and pathology, and CXR findings. Details of how these variables were 

recorded are included in appendix. Each radiologic feature was assigned to one primary 

reviewer who examined that feature across all scans included for analysis. Thereafter the 

scans were all reviewed for a second time by second reviewer from amongst the team to 

ensure uniformity. Results were compared to the original radiology and neurosurgery 

reports. Where discrepancies in reporting were noted, scans were re-evaluated by the team 

until consensus was reached.

Analysis

Analyses examined the relationships between radiological features, patient characteristics 

(age, MRC staging on admission, culture result, seizures, symptom duration) and 6 month 

outcome. Data are presented as medians with a (min-max) range, or as number (percentage). 

Categorical variables were analyzed with chi-square tests, or Fisher’s exact tests for smaller 

sample sizes. Comparison of continuous variables across two groups was done with 

Student’s t test (normal distribution) or the Mann–Whitney U test (non-normal distribution). 

Comparisons across three groups were done with one-way analysis of variance for 

continuous variables (normal distribution) or Kruskall– Wallis test (non-normal distribution).

Results

Forty-four patients with a median age of 3.3 (0.3 – 13.1) years with definite (54%) or 

probable TBM (46%) and HCP were enrolled. All patients had drug sensitive TBM. Most 

patients presented in Stage II or III with an altered level of consciousness (90%, n=40) and 

focal neurology (n=21, 48%). The human immunodeficiency virus (HIV) positivity rate was 

5% (n=2) – Table 1. Good clinical outcomes were recorded in 32 patients (73%), of whom 

21 made a full clinical recovery (48%). Poor outcomes occurred in 12 patients (27%); 7 

patients died (16%), 4 within the first 10 days post-admission. Poor outcome was associated 

with severe TBM according to MRC staging (p=0.01) and a shorter duration of symptoms 

(p=0.05), headaches and irritability were more frequently reported in patients who survived 

(p=0.02 and p=0.02 respectively).
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Admission CT scans

HCP severity was moderate in half the cohort (n=24, 55%) -the inter-observer agreement in 

grading HCP severity was 88% (Kappa, p<0.001). Enhancement was present on 96% of 

scans (n=41), basal in almost all (n=40, 98%), and most often diffuse (n=39, 95%). Pre-

contrast hyperdensity was visible in two thirds of the scans that demonstrated enhancement 

post-contrast (n=27, 66%). Seven patients (16%) presented with infarcts visible on 

admission CT, largely involving the MCA territory. Tuberculomas were reported in 3 

patients (7%) - Table 2.

MRI Brain Scans

MRI brain scans were conducted in 39 patients, an average of 26 ±11 days post-admission. 

Four patients died before an MRI could be performed and 1 patient was not scanned for 

logistical reasons. Ventriculomegaly was still present in 24 patients (61.5%), in 12 patients 

(30.8%) HCP was treated with an external ventricular drain (EVD) or VPS at the time of the 

scan, and in 3 patients (7.7%) HCP had resolved. Enhancement, predominantly basal (92%) 

and diffuse (90%), was present on all scans. Infarcts were reported in 25 patients (64%), 

largely limited to 1 or 2 vascular territories (n=18, 72%), most commonly involving the 

MCA territory (n=23, 92%) and basal ganglia (n=20, 80%). Only 8 of these 25 infarcted 

patients (24%) demonstrated infarcts on their admission CT scans; and by the time of DWI 

almost 90% of infarcts were more than 2 weeks old. Tuberculomas were observed in 23 

patients (59%), largely multiple (57%) and bilateral (48%) and occurring in the cerebellum 

(27%).

Early deaths

Four patients died within 10 days of admission (median 4 days). Their admission scans 

demonstrated moderate to severe HCP (all received an EVD or VPS), mild enhancement and 

no tuberculomas. Infarcts were visible in only 2 patients’ admission scans, however, global 

infarction involving all 7 vascular territories was observed in all patients by their last scan, a 

median of 4 days (3-11 days) after admission (Figure 4D) - Table 2. One of these 4 patients 

was HIV infected.

Radiologic deterioration

Delayed or ‘paradoxical’ tuberculoma development was defined as the progression of 

established tuberculomas or the occurrence of new tuberculomas while on treatment as 

demonstrated on follow-up CT relative to admission CT scans. These were observed in 4 of 

the 37 patients (11%) who survived till 6 months, a median of 78 (47-106) days after 

admission and treatment; a positive culture of drug sensitive TB was confirmed in 3 of these 

patients. These delayed tuberculomas frequently occurred in the cisterns (50%), persistent 

basal enhancement was also present. In 2 asymptomatic patients the lesions were discovered 

incidentally on routine follow-up imaging, and 2 patients presented with signs of progressive 

HCP. In 7 patients (5 with culture-confirmed drug sensitive TBM and 2 with probable TBM) 

a ‘paradoxical’ worsening was also noted with respect to precontrast hypderdensity in the 

basal cisterns on follow up CT scans while on treatment (n=7, 54%) - Figure 5.
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MR Angiograms

The MRA was a late addition to the study protocol and was performed in 29 patients. MRA 

abnormalities were detected in 16 patients (55%), predominantly involving the MCA (94%) 

singly or in combination with other vessels; the median number of vessels per patient was 2 

(range 1-7). Abnormalities included focal stenosis, multifocal stenosis, irregular vessel 

caliber and occlusion (Figure 6).

Spinal imaging

MRI of the spine was obtained in 33 patients (4 died, 7 excluded due to technical reasons). 

Spinal disease was present in 25 children (76%) – Table 3. Features included spinal 

arachnoiditis in 24 patients (72% - Figure 7B-D), spinal tuberculomas in 6 patients (18% - 

Figure 7C) and intradural extramedullary plaque-like collections of exudate in 3 patients 

(9% - Figure 7D). There was no bony involvement. Spinal arachnoiditis involved 

enhancement of the cord (n=19/24, 79%) and the nerve roots (n= 23/24, 96%). Exudate 

filled the thecal sac below the conus and/or caused clumping of the spinal nerve roots in 12 

patients (50%). The severity of exudate in the spinal canal was mild in 12 patients (50 %), 

moderate in 6 patients (25%) and severe in 6 patients (25 %), occasionally completely 

obliterating the caudal thecal sac (Figure 8B-D). Patients with spinal arachnoiditis were 4 

times more likely to have a dry tap on LP (p=0.04- unable to release CSF or check opening 

pressure [OP]), the severity of spinal arachnoiditis was significantly associated with a dry 

tap (p=0.002) and all patients with spinal arachnoiditis had significantly higher CSF protein 

(median 2.9 (0.78-40.88)g/l). These patients also more commonly experienced a 

deterioration in ICP after it appeared to have normalized (p=0.03); this was not true for 

cerebral enhancement (p=0.9). Among the 6 patients with spinal tuberculomas, 5 had 

tuberculomas on the surface of the cord (83%) and 1 had an intramedullary tuberculoma 

(17%) – Figure 7C. Most patients with intradural spinal disease were asymptomatic 

(n=23/25, 92%), 2 patients complained of sensory deficit or pain in the legs.

Chest imaging

CXRs were performed in 42 patients. Features suggestive of TB were documented in 22 

patients (52%) and miliary TB in 5 of those patients (12%).

Association with patient characteristics and outcome

HCP severity was not associated with LP OP (p=0.48). Neither HCP severity nor infarcts 

(admission and follow-up) were related to MRC staging on admission (p=0.23 and p=0.43 
respectively) or a history of seizures (p=0.24 and p=0.31 respectively). The severity of spinal 

arachnoiditis was not associated with severity of MRC Staging (p>0.05). A suggestive CXR 

was associated with older age (p=0.03). The sample size (n=2) was too small to examine 

imaging features in patients co-infected with HIV, however, previous studies in adults and 

children have shown that basal enhancement, non-communicating HCP, and parenchymal 

tuberculomas occur more frequently in HIV-uninfected (HIV-) patients. Mortality - Death 

was significantly associated with multiple (p=0.03), bilateral (p=0.006), and large infarcts 

(p<0.0001). The number of vascular territories involved in infarction was positively 

associated with death (p<0.001); however, vascular pathology on MRA was not (p=0.41).
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Six month outcome

Tuberculomas (p=0.04) were associated with good outcomes. Infarcts were associated with 

poor outcome (p=0.01), particularly if they were bilateral (p<0.001) or large infarcts 

(p<0.001) involving multiple vascular territories (p<0.001), but this relationship was not 

found for vascular pathology on MRA (p=0.44). Multivariate analysis could not be 

performed for mortality or 6 month outcome because of the small sample size and too few 

events (death or poor outcome).

Discussion

This cohort of TBM patients demonstrated typical brain imaging features suggestive of 

TBM. Descriptions of MRA and spinal pathology provide insight into the pathology of 

TBM in the cerebral vessels, the extension of disease in the spinal canal in pediatric TBM 

and clinical implications thereof.

Radiology findings

As previously documented contrast enhancement was largely diffuse and involved the basal 

cisterns 1, 4, 11, 30, 31. Our findings confirmed the reliability of pre-contrast hyperdensity 

as an indicator of moderate-severe enhancement 5; however, cases with mild post-contrast 

enhancement may be missed, and contrast-enhanced scans are optimal in the diagnostic 

workup.

Infarcts were rarely visible on the admission CT scan; however, DWI at 3 weeks 

demonstrated that most infarcts were more than 2 weeks old. This suggests that progression 

to infarction likely occurs within the first week or 2 and/or that early CT scans may not 

reveal developing infarcts. In some cases a pathological process was clearly ongoing even 

after treatment initiation as evidenced by the progression to infarction and the late 

development of tuberculomas, even for antibiotic-sensitive organisms. For patients with a 

fatal aggressive disease process, infarcts progressed rapidly to involve all vascular territories 

within the first 10 days, even when no infarcts were visible on admission. Infarcts were 

associated with poor outcome; however, the nature of infarcts most likely affects the strength 

of this association: small infarcts occurred frequently in patients who made good recoveries; 

however, poor outcome was more likely if infarcts were large, multiple, and/or bilateral. 

Infarcts developed at locations throughout the brain, including the brain stem and 

cerebellum; however, as previously reported, the MCA territory and basal ganglia were most 

affected4, 8, 14, 30, 32 likely reflecting the predilection of the inflammatory exudate to 

collect in the Sylvian fissure.33. Similarly vascular pathology on MRA predominantly 

affected the MCA. The absence of a statistical association between vessel abnormality on 

MRA and infarction may be due to several reasons. Firstly, dynamic vascular pathology, like 

vasospasm, may have resolved by the time of MRA. Secondly, infarction may also result 

from other injurious processes including raised ICP, cytotoxic and vasogenic edema, 

seizures, and uncoupling of cerebral blood flow and metabolism. Thirdly, there are likely 

inter-individual differences in tolerance for vascular occlusion due to anatomical variation. 

Fourthly, MRA may be insensitive to pathology in small perforator arteries.
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Tuberculomas were uncommon on admission CT scans. CT may not be sensitive to detect 

small lesions or lesions may develop late, despite a drug-sensitive microbe 8, 30, 34, 35. It 

has been suggested that the delayed or ‘paradoxical’ development of tuberculomas, observed 

in 11% of this cohort, may result from a hypersensitivity reaction to bacillary debris released 

in response to the bactericidal effects of TB medication 34, 36 or could represent an immune 

reconstitution response in immunosuppressed patients. Tuberculomas and infarcts were 

negatively correlated, and tuberculomas were predictive of survival and infarcts predictive of 

death. This may suggest that the underlying immunological processes in these children are 

different and that processes leading to tuberculoma development may be protective against 

infarction.

To our knowledge, this is the first study to prospectively describe spinal cord disease 

associated with TBM in a large pediatric cohort. Importantly, there were clinical 

consequences. Spinal arachnoiditis was present in over 70% of patients and ranged from a 

mild coating of the cord to near-complete obliteration of the subarachnoid space at the cauda 

equina. The resulting difficulty in releasing CSF and measuring the OP on LPs has 

significant clinical implications for establishing a presumptive or confirmed diagnosis, 

assessing raised ICP and establishing HCP management. Findings of extensive disease (such 

as in Figure 8D) were associated with failure to obtain CSF in the lumbar cistern, failure of 

air encephalography, and very high CSF protein content in lumbar CSF when obtained. 

Although often considered to be a marker of cranial subarachnoid disease, the high protein 

content may also reflect spinal disease and importantly stagnation of CSF due to a block in 

flow, typically described as Froin’s syndrome in association with mass lesions causing a 

block to CSF flow. This may also partly explain the failure of CSF protein values to 

correlate with clinical outcome and shunt survival in previous studies. These observations 

have implications for the reliability of CSF pressure measurement, the ability of air 

encephalography to distinguish between communicating and non-communicating 

hydrocephalus, the indication and safety of medical treatment of hydrocephalus, and 

decision-making between ventriculoperitoneal shuting or endoscopic third ventriculostomy 

if surgery is required. Most of these patients were asymptomatic and the spinal pathology 

would not have been detected without a MRI. The true incidence of neurological sequelae 

may have been underestimated as subtle neurological signs may have been missed, 

especially in patients who were young, had a depressed level of consciousness, and whose 

lack of mobility was attributed to general illness. Follow up over 1-2 years revealed subtle 

neurological signs in only 2 patients (8%) with spinal disease, and did not reveal worsening 

disease in this patient cohort. However, in our experience, occasionally patients present with 

late neurological deterioration due to progressive spinal disease after a previous presentation 

with TBM.

With respect to indications for spinal imaging, most centers have resource constraints and so 

routine spinal imaging may be unnecessary. At our institution, based on our clinical 

experience and the findings of this study, we request spinal imaging for patients in whom we 

suspect spinal disease due to failure to obtain CSF via LP (or minimal CSF), failed air 

encephalography, very high protein levels in the lumbar CSF, or obvious neurological 

symptoms or signs related to suspected spinal cord disease. Marked differences between 

lumbar and ventricular CSF, where available, may add to this suspicion.
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Associations with patient variables

Our findings confirm that HCP severity on CT and CSF OPs are not significantly associated 

4, 37. Factors that may contribute to this discrepancy include non-communicating HCP and 

spinal arachnoiditis blocking CSF flow in the spinal canal. This emphasizes the limitations 

of imaging in predicting ICP and the value of actual ICP measurement. No association was 

shown between infarcts overall and MRC staging. This may be due to the fact that initial 

neurological findings can be the result of pathophysiological phenomena other than 

permanent cerebral tissue death; including raised ICP, cerebral edema, hyponatremia, 

seizures and cranial arachnoiditis, which may be reversible and, therefore, account for the 

early clinical improvement in some patients. Additionally only multiple large infarcts were 

associated with poor outcome, lacunar infarcts were reported in patients who presented with 

less severe TBM and who made good recoveries. HCP severity and severity of spinal 

arachnoiditis were also not significantly associated with MRC staging, again emphasizing 

the role of other pathophysiological processes in determining clinical condition. Similarly, 

the absence of an association between seizure history and HCP, infarcts and tuberculomas 

probably reflects the same principle. The sample size of HIV infected patients was too small 

to meaningful evaluate differences between HIV infected and uninfected patients, however, 

previous studies in adults and children have shown that basal enhancement, non-

communicating HCP, and parenchymal tuberculomas occur more frequently in HIV-

uninfected (HIV-) patients 38–40.

Limitations

Due to differences in the sensitivity of CT and MRI in detecting TBM pathology 41 it is not 

possible to directly compare CT and MRI findings and comment comprehensively on 

progression of features over time. Additionally, the relative poorer sensitivity of CT may 

have underestimated infarcts on admission. However, in resource limited settings where 

TBM is most prevalent, admission MRI scanning is not likely to be standard of care. We 

chose to perform MRIs at 3 weeks to maximise detection of infarcts, however, the timing 

may have influenced our findings. MRIs could not be performed in patients who died early; 

therefore, MR data is skewed towards patients who survived, and more extensive vascular 

and spinal pathology may have been missed. However, these data still demonstrate the high 

frequency of abnormalities on spinal and MRA imaging; future studies involving earlier 

MRI, MRA or CT angiography may add further insights into the pathogenesis and evolution 

of TBM and clarify their role for clinical care. Timing of the MRI scan was subject to the 

requirements of clinical management and the availability of the scanner in a busy resource 

constrained center. The consequent variability in the timing of the scan may have led to 

some variability in the reported presence and severity of hydrocephalus and enhancement on 

MRI. Acute infarcts were reported in the 3 patients who had imaging within 14 days of 

admission, however, no additional infarcts developed between the MRI and follow up 

imaging and it is unlikely that the frequency of infarction overall was underestimated. 

Similarly, the frequency of tuberculomas overall was calculated using all imaging including 

follow up scans.
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Conclusion

Radiologic features suggestive of TBM are readily identifiable on admission CT scans and 

are important in establishing a presumptive diagnosis. However, extended imaging with 

MRI, MRA, and spinal images provide a more complete picture of the extent of central 

nervous system involvement, important both for individual management of patients and a 

deeper understanding of the disease process. Repeat imaging provides valuable information 

on disease progression and resolution. However, the degree of follow up imaging may be 

limited by access to MR imaging and the risks of CT radiation. Similarly more advanced 

imaging techniques like perfusion imaging may add further to our understanding of this 

disease, but are not frequently available in locations that see the burden of TBM disease. 

Infarcts predict poor outcome, especially if large, multiple, and/or bilateral, emphasizing the 

need to better understand and detect the underlying ischemic process. Spinal disease 

associated with TBM occurs commonly in children. Although it is often clinically silent, it 

may have important clinical consequences. The reliability of LP opening pressure, the ability 

to obtain CSF from the lumbar cistern, the interpretation of the protein content in CSF, and 

the success of air encephalography may be affected by spinal disease and so affects our 

understanding about intracranial dynamics and decisions about medical treatment, 

ventriculoperitoneal shunting or endoscopic third ventriculostomy in the management of 

hydrocephalus. Although perhaps not indicated in all patients, spinal imaging may be of 

value in selected patients.
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Figure 1. Flow diagram of patient selection
Figure demonstrates the process by which patients eligible for inclusion in the study were 

identified from among all the admissions for TBM at Red Cross War Memorial Children's 

Hospital

HCP = hydrocephalus, Rx = treatment
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Figure 2. Hydrocephalus (HCP)
Axial uncontrasted CT showing A: mild hydrocephalus with a rounded appearance of the 3rd 

ventricle, B: moderate HCP with diffuse ventricular dilatation but no transependymal fluid 

shift (periventricular hypodensity), C: severe HCP with diffuse ventricular dilatation and 

marked transependymal fluid shift.
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Figure 3. Enhancement
A: Post-contrast axial CT and B: T1 weighted post-contrast MRI both showing 

hydrocephalus and exudate within the basal cisterns and surrounding the major vessels. C: 

post-contrast axial CT showing focal enhancement involving the right Sylvian fissure. Arrow 

indicates right sylvian fissure.
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Figure 4. Infarcts
Axial T2 weighted MRI showing A: small lacunar infarct involving the right globus pallidus 

(arrow), B: multiple bilateral MCA/ACA territory basal ganglia infarcts (circled), C: 

multiple hemispheric (arrows) and basal ganglia infarcts, D: axial uncontrasted CT showing 

global infarction in a patient who died before an MRI could be performed.
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Figure 5. Late onset tuberculomas
Axial post-contrast CT in a 10 year old, HIV uninfected patient with TBM A: on admission 

showing basal meningeal enhancement with no tuberculomas, B: 4 months after diagnosis 

and treatment showing multiple peripherally enhancing tuberculomas with surrounding 

edema (circled).
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Figure 6. Maximum Intensity projection (MIP) MRA images
Axial TOF MRA showing A: focal area of narrowing of the right MCA in a TBM patient 

who did not develop infarcts as demonstrated on the FLAIR image below, B: arrow 1: 

occluded left ICA, arrow 2: narrow irregular right and left MCA’s, and arrow 3: bilateral 

ACA narrowing3 in a TBM patient who developed multiple bilateral infarcts as 

demonstrated on the FLAIR image below.
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Figure 7. Pathology of the spine
Sagittal T1 weighted MRI post-contrast in TBM: A: no enhancement, B: diffuse 

enhancement surrounding the cord and filling the thecal sac (arrows), C: cord and nerve root 

enhancement with an enhancing intramedullary tuberculoma (arrow), D: diffuse 

enhancement within the thecal sac and a focal intradural extramedullary plaque-like 

collection (arrow).
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Figure 8. Spinal arachnoiditis
Axial T1 weighted post-contrast MRI at the level of the cauda equina in TBM: A: normal 

thecal sac, no enhancement, B: mild arachnoiditis with nerve root enhancement, C: 

moderate arachnoiditis with enhancing thickened clumped nerve roots, D: severe 

arachnoiditis, hyperintense exudate filling the thecal sac obscuring all roots.
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Table 1
Admission clinical characteristics and outcome

Characteristic Value

Demographic characteristics

Age 3.3 (0.3 – 13.1) years

Gender Male       28 (64)

Admission characteristics

MRC Staging admission

                        1 4 (9)

                        2 31 (71)

                        3 9 (21)

Symptom duration 7.5 (1 – 90) days

Vomiting 24 (55)

Headache a 15 (40)

Fever 30 (68)

Seizures 14 (31)

Focal neurology b 21 (48)

Altered level of consciousness 40 (90)

Meningism 34 (77)

Bulging fontanelle c 5 (56)

HIV infection d 2 (5)

Diagnostics

CSF TB culture of AFB positive e 22 (56)

Outcome

Good outcome 32 (72)

                          PCPS 1 21 (48)

                          PCPS 2 8 (18)

                          PCPS 3 3 (7)

Poor outcome 12 (27)

                          PCPS 4 2 (5)

                          PCPS 5 3 (7)

                          PCPS 6 7 (16)

Values reported as median and range or number (percentage)

a
Pre-verbal children under the age of 1.5 years excluded (n=7)

b
Focal neurology includes pupillary response, paresis, cranial nerve palsies and aphasia

c
For children with open fontanelles (n=9)

d
For children had HIV testing (n=43)

e
Only 39 patients had CSF sent for TB diagnostics, in 5 patients TB investigations were not requested in error or the volume of CSF was 

insufficient, all culture confirmed cases were drug sensitive, 4 of these cases were positive on Gene Xpert as well, this was not a routine test 
performed in all suspected TBM patients. PCPS: Pediatric Cerebral Performance Category Scale
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Table 2
Summary of radiology features overall

Radiology features Admission CT (n=44) Early deaths (n=4) MRI (n= 39) Overall (n=44) Association with poor 
outcome

HCP present n = 44 (100) Treated a n = 24 (62)

      Severity p=0.7

          Mild 11 (25) 18 (75)

          Moderate 24 (55) 6 (25)

          Severe 9 (21) 2 (8)

      Periventricular low density 32 (73) 9 (38)

      Type of HCP

          Communicating 34 (77)

          Non-communicating 3 (7)

          Uncertain b 7 (16)

Enhancement present n = 41 (96) No contrast given n =38 (100) c p=0.6

      Focal 2 (5) 4 (11)

      Diffuse 39 (95) 34 (90)

      Basal 40 (98) 35 (92)

      Pre-contrast hyperdensity 27 (66) p=0.18

Infarcts present 9 (20) 4 (100) 25 (64) 29 (66) p=0.01*

      No. of vascular territories p<0.001*

       1 6 (67) 0 12 (48) 12 (41)

       2 3 (33) 0 6 (24) 6 (21)

       3 0 0 4 (16) 4 (14)

       4 0 0 1 (4) 1 (3)

       5 0 0 1 (4) 1 (3)

       6 0 0 0 1 (3)

       7 0 4 (100) 1 (4) 4 (14)

      MCA 7 (78) 4 (100) 23(92)

      ACA 1 (11) 4 (100) 5 (20)

      PCA 0 4 (100) 3 (12)

      Vertebrobasilar 1 (1) 4 (100) 6 (24)

      Infarct laterality p<0.001*

       Unilateral 6 (67) 14 (56) 14 (48)

       Bilateral 3 (33) 4 (100) 11 (44) 15 (51)

      Infarct number p=0.003*

       Single 5 (56) 9 (36) 11 (38)

       Multiple 4 (44) 4 (100) 14 (56) 18 (62)

      Infarct size p<0.001*
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Radiology features Admission CT (n=44) Early deaths (n=4) MRI (n= 39) Overall (n=44) Association with poor 
outcome

       Small 3 (33) 0 10 (40) 10 (35)

       Moderate 6 (67) 0 15 (60) 16 (55)

       Large 0 4 (100) 0 3 (10)

      DWI infarct evolution n= 23 p=0.08

       Acute d 1 (4) 1 (4)

       Old e 20 (87) 20 (87)

       Mixed f 2 (9) 2 (9)

Tuberculoma present 3 (7) No contrast 23 (59) p=0.04*

      Tuberculoma number p=0.98

       Single 1 (33) 10 (44)

       Multiple 2 (67) 13 (57)

This table summarises the frequency of radiology features reported on admission CT scans, final CT scans of the 4 patients who died before 3 week 
MRI (Early deaths), on 3 week MRI, and early deaths combined with MRI findings (Overall). The associations between radiology features and 
poor 6 month clinical outcome are indicated. Data are presented as number (percent) of patients.

a
HCP was treated with EVDs or VPS,

b
4 of these patients had a dry tap and the air encephalogram could not be definitively performed, and 1 patient was thought to have bacterial 

meningitis and underwent an immediate shunt procedure

c
Only 38 patients received contrast

d
infarcts < 10 days old

e
infarcts > 14 days old,

f
combination of infarcts < 10 days and >10 days old
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Table 3
MR characteristics of the spine accompanying TBM (n=33)

Feature Value

Spinal disease overall 25 (76)

               Spinal arachnoiditis 24 (73)

                         Severity

                                  Mild 12 (50)

                                  Moderate 6 (25)

                                  Severe 6 (25)

                         Cord arachnoiditis 19 (79)

                         Nerve root arachnoiditis 23 (96)

                         Arachnoid nodules 4 (17)

                         Exudate in the lumbar thecal sac 7 (29)

                         Clumping of nerve roots 10 (42)

               Spinal Tuberculoma 6 (18)

                         Single 3 (50)

                         Multiple 3 (50)

Number of patients with symptomatic spinal cord disease 2 (8)

Data are presented as number (percent) of patients reported to have the various forms of spinal pathology
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