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The table below is provided to give perspective on the restriction of patient numbers 

when strict inclusion criteria are used . The definite positive patient population is by 

definition CSF culture positive for TBM. 

Table 2: Comparison of published series with regard to inclusion criteria 

Study [reference] Total no. CSF CSF Other Other No. 
patients culture stain fluid fluid patients 

with TBM +ve +ve culture stain proven 
in study +ve +ve TBM 

who 
underwent 

CT 
Artopoulos (1984)[37] 9 2 
Schoeman (1985)[52] 24 21% 17% 9 
Leiguarda (1988)[39] 65 20 
Schoeman (1988)[47] 27 6 
Gelabert (1988)[43] 26 81% 21 
Waeker (1990)[7] 30 37% 3% 10% 47% 12 

(GA) 
Altunbasak (1994)[41] 52 9.6% 7.6% 9.6% 14 

(GA) 
Schoeman (1995)[40] 198 15% 12% 54 

I 
(GA) 

Kumar (1996)[46] 94 0 
Patwari (1996)[49] 136 0 

Schoeman (1997)[29] 141 16% 23% 56 
Kumar (1999)[9] 110 16% 18 

Farinha (2000)[ 1 0] 33 39% 51% 30 
Tung (2002)[8] 7 I 

Andronikou (2004) 37 100% 37 
(By 

definition) 
(GA) = gastric aspirate 

Total 
CSF 

culture 
and/or 
stain 
+ve 

22% 
38% 
30% 
22% 
81% 
40% 

26.9% 

27% 

0% 
0% 
39% 
16% 
90% 
14% 

100% 
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Table 3: The CT results of patients in each group are tabulated below: 

CT feature Definite Negative Sensitivity Specificity Positive Negative Likelihood 

TBM TBM (%) (%) predictive predictive 

(37) (32) value Value 

Hydro- 25 9 68 72 74 66 

cephal us (67.6%) (28.1%) 

Infarcts 23 7 62 78 77 64 

(62.2%) (21.9%) 

Non-contrast 17 0 46 100 100 62 

density (46%) 

Basal 33 2 89 94 94 88 

Enhancement (89.2%) (6.3%) 

Granuloma 5 2 14 94 71 48 

( 13.5%) (6.3%) 

'Classic J 5 0 41 100 100 59 

triad' ( 40.5%) 

Key: 'Classic triad' = basal enhancement plus infarction plus hydrocephalus 

N/A = Not Applicable as these values are not statistically calculable 

ratio +ve 

2.4 

2.8 

N/A 

14.3 

2.2 

N/A 

Likelihood 

ratio -ve 

0.45 

0.48 

0.54 

0.12 

0.92 

0.59 
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Table 4: Results of the 'Probable' group (93 children). 

CT feature Probable 

(93) 

Hydrocephalus 56 (60.2%) 

Infarcts 
I 

50 (53 .8%) 

Basal enhancement 62 (66.7%) 

Non-contrast density 43 (46.2%) 

Granuloma 25 (26.9%) 

Combination 32 (34.4%) 

The ' Probable' group was only used for further comparison with regard to non-contrast 

density distribution where it was felt to add value. Only the definitely positive and 

definitely negative patients for TBM were used for the main statistical analysis, so that 

the groups would remain ' pure'. 
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Results of computerised measurement of hyperdensity in the cisterns on non-contrast CT: 

The non-contrast density was subjectively determined to be present in 17 patients. 

Figures 2 - 18 demonstrate the non-contrast CT scans of these patients, with 

accompanying images of a high and low-density thresholds applied, as described in the 

'Methods' section. This technique results in only the cisternal hyperdensity and 'beam­

hardened' cortex being demonstrated. Density was confirmed using the computerised 

quantitative method described above in all 17 patients. The derived Hounsfield units of 

the hyperdense areas are compared to normal parenchyma, basal ganglia and CSF in 

tables 5 and 6. (Computerized measurement was not undertaken in patients in whom 

cisternal hyperdensity was not subjectively identified). Table 7 compares distribution of 

non-contrast high density in the 'Definite' and 'Probable' groups. 

Table 5: Density readings of normal and abnormal areas in the seventeen patients 

considered to show cisternal hyperdensity on non-contrast CT 

Patient Maximum Maximum Average cisternal Basal ganglia Parenchyma CSF 

Number non-contrast non-contrast non-contrast 

density 1 density 2 density 

1 46.5 46 .3 46.4 40.9 42.6 15.6 

2 43.5 45 44.3 36 .6 40.8 12.1 

3 39.5 40.9 40.2 31.9 28.2 10.8 

4 42.5 41 41.8 33 .9 37.8 12.7 

5 39 39.5 39.3 36.2 37 7.9 

6 39.4 39 39 .2 29.5 34.6 7.7 

7 40.7 42.3 4 \.5 35.5 37.2 II 
I 

8 37.5 36.7 37.1 29.5 31 3.5 

9 43.9 41.4 42.7 37.7 38 .6 13.4 

10 35.5 37.7 36.6 31 32.7 7.3 

II 52.4 45.5 49 38.7 41.1 16.9 

12 41.2 40.5 40.9 30.9 39.5 13 .2 

13 42.3 42.1 42 .2 35.6 39.4 12.7 

14 38.4 37.3 37.9 32. 1 33.9 7.7 

15 44.3 43.3 43.8 35.5 39.7 9.9 

16 38.2 36.1 37.2 30.6 35.3 7.4 

17 39.4 38.2 38.8 29.6 33 .8 7.5 

Average 41.4 40.8 41.1 33.9 36.7 )0.4 
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Table 6: Differences between the highest abnormal density and the highest and lowest 

normal density: 

Patient Minimum difference between highest abnonnal and Maximum difference between highest abnormal and lowest 

Number highest nonnal parenchymal or basal ganglia density nonnal density parenchymal or basal ganglia density 

I 3.9 5.6 

2 4.2 8.4 

3 9 12.7 

4 4.7 8.6 

5 2.5 3.3 
I 

6 4.8 9.9 

7 5.1 6.8 

8 6.5 8 

9 5.3 5.3 

10 5 6.7 

11 11.3 13.7 

12 1.7 10.3 

13 2.9 6.7 

14 4.5 6.3 

15 4.6 8.8 

16 2.9 7.6 

17 5.6 9.8 

Average 5 10 
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Diagram 2: Average pre-contrast hyperdensity maximum readings vs 
parenchymal and basal ganglia densities 

• 
.. .i 

.~ .-
-'&'-

,-
.l 

. .. 
• 

- . 

~ averaged maximum i 
pre-contrast 
cisternal density 

- - .... - - . basal ganglia 
density 

parenchymal 
cortical density 

'.' ~ -_ .•...... -.-

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 

patients 1-17 



Univ
ers

ity
 of

 C
ap

e T
ow

n

46 

Figure 2 a and b: Patient 1 demonstrates hyperdensity in the right Sylvian 

fissure (white arrow) on non-contrast CT (a), and confirmed on the image 

with high and low density threshold (b). There is also infarction in the 

subcortical white matter deep to the insula on the right (open arrow). 

Figure 3 a and b: Patient 2 demonstrates hyperdensity in the right middle 

cerebral artery cistern (white arrow) on non-contrast CT (a) and confirmed 

on the threshold image (b). Cortical infarction is present in the right frontal 

lobe (open arrow), and there is also moderate hydrocephalus. 
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Figure 4 a and b: Patient 3 demonstrates hyperdensity in the right Sylvian cistern 

(white arrow) on non-contrast CT (a) and confirmed on the threshold image (b). 

There is also an infarction involving the right lentiform nucleus (open arrow). 

Figure 5 a and b: Patient 4 demonstrates hyperdensity in the left Sylvian cistern 

(arrow) on non-contrast CT (a), confirmed on the density threshold image (b). 

The caudate and lentiform nuclei bilaterally are of lower density than the cortex 

in keeping with infarction. Hydrocephalus is also present. 
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Figure 6 a and b: Patient 5 demonstrates hyperdensity in the left Sylvian cistern 

(arrows) on non-contrast CT (a), confirmed on the density threshold image (b). 

Figure 7 a and b: Patient 6 demonstrates hyperdensity in the right Sylvian cistern 

(arrows) on non-contrast CT (a), confirmed on the density threshold image (b). 

There is accompanying hydrocephalus. 
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Figure 8 a and b: Patient 7 demonstrates hyperdensity in the right Sylvian cistern 

(white arrows) on non-contrast CT (a), confirmed on the density threshold image 

(b). Note adjacent right frontal low density infarction (open arrow). 

Figure 9 a and b: Patient 8 demonstrates hyperdensity in the posterior portions of the 

suprasellar cistern, ambient cisterns (arrows) and Sylvian cisterns on non-contrast 

CT (a), confirmed on the density threshold image (b). There is also severe 
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Figure 10 a and b: Patient 9 demonstrates hyperdensity in the left side of the supra 

sellar cistern (white arrows) on non-contrast CT (a), confirmed on the density 

threshold image (b). 

Figure 11 a and b: Patient 10 demonstrates hyperdensity in the left Sylvian cistern 

(white arrows) on non-contrast CT (a), confirmed on the density threshold image (b). 

There is focal infarction involving the contralateral thalamus (open arrow). 
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Figure 13 a and b: Patient 12 demonstrates hyperdensity in the right Sylvian cistern 

(white arrows) on non-contrast CT (a), confirmed on the density threshold image 

(b). There is accompanying severe hydrocephalus and a contralateral internal 

capsule infarction (open arrow). 
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Figure 14 a and b: Patient 13 demonstrates hyperdensity in the left Sylvian cistern 

(white arrows) on non-contrast CT (a), confirmed on the density threshold image 

(b).There is also severe hydrocephalus . 

Figure 15 a and b: Patient 14 demonstrates hyperdensity in the left middle cerebral 

artery cistern (white arrows) on non-contrast CT (a), confirmed on the density 
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Figure 17 a and b: Patient 16 demonstrates hyperdensity in both middle cerebral 
artery cisterns (arrows) on non-contrast CT (a), confirmed on the density threshold 
image (b). There is also significant accompanying hydrocephalus. 
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Figure 18 a and b: Patient 17 demonstrates hyperdensity in the left Sylvian cistern 

(arrows) on non-contrast CT (a), confirmed on the density threshold image (b). There 

is accompanying hydrocephalus. 
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Table 7: Distribution of the cisternal high density in 'Definite TBM' group compared to 

the patients in the 'Probable' group on non-contrast CT. 

Distribution of non-contrast Definite TBM (17) Probable TBM (41) 

hyperdensity (films orl/43 pltients not 

aVlilable during review period) 

Right only (uni- or multifocal) 2 (12%) 9 (22%) 

Left only (uni- or multifocal) 4 (24%) 10(24%) 

Unifocal 6 (35%) 15 (37%) 

Right 2 (12%) 7 (17%) 

Left 4 (24%) 6 (15%) 

Midline 0 2 (5%) 

Multifocal 11 (65%) 26 (63%) 

Symmetrical 6 (35%) II (27%) 

Asymmetrical 5 (29%) 15 (37%) 

Right only 0 2 (5%) 

Left only 0 4 (10%) 

Bilateral 9 (53%) 16 (39%) 

Midline only 0 2 (5%) 

Unilateral and midline 2 (12%) 2 (5%) 

Diffuse 3 (18%) 0 

(suprasellar cistern and extensions plus Sylvian and ambient) 

Specific locations involved 

Anterior cerebral artery cistern 8 (47%) 14 (34%) 

Right middle cerebral artery cistern 9 (53%) 15 (37%) 

Left middle cerebral artery cistern 9 (53%) 16 (39%) 

Right ambient cistern 5 (29%) 9 (22%) 

Left ambient cistern 6 (35%) 10(24%) 

Central suprasellar cistern 8 (47%) 13 (32%) 

Interpeduncular cistern 5 (29%) 6 (15%) 

Right Sylvian cistern 9 (53%) 19 (46%) 

Left Sylvian cistern 10(59%) 24 (59%) 
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Fig 19 a & b: Non-contrast hyperdensity in the cisterns 

Fig 20 a & b: Non-contrast cisternal hyperdensity 
enhancing after intravenous contrast 

The hyperdense exudate or 
granulation tissue fills the 
suprasellar cistern and 
extends into the Sylvian and 
ambient cisterns in a patient 
from the 'Probable group' 

The non-COntrast srudy 
demonstrates hyperdense 
material filling the 
suprasellar cistern (arrow) in 
a patient from the 
'Probable' TBM group. 
This material enhances 
prominently with contrast 
and probably represents 
richly vascularised 
granulation tissue . Another 
Iheory is Ihal there is 
leakage of contrast medium 
from the intravascular 
companment to lie within 
the exudates in the 
extravascular compat1ment. 
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Patterns of Basal Meningeal Enhancement 

Axial post-contrast CT scan shows 
asymmetrical enhancement of the suprasellar 
cistern contents on the right (arrow). 

Fig 23:'Double lines ' + ' lining the 3,d, 

There is subtle basal meningeal enhancernent in 
this post-contrast CT scan. 'Double lines' are 
seen in the right middle cerebral artery cistern 
(arrows) where the abnormally enhancing 
meninges of the frontal lobe lie adjacent to 
those of the temporal lobe. Note the abnormal 
circumferential enhancement associated with 
the infundibular recess of the third ventricle 
(curved arrow). 

Post contrast CT scan shows enhancement of the meninges forming the 
suprasellar cistern margins. There are 'double lines' in the right middle 
cerebral artery cistern (arrows) , where the enhanced middle cerebral 
artery lies adjacent to the posterior part of the frontal lobe meninges, 
which are a lso enhancing. Note the abnormal enhancement lining the 
posterior part of the infundibular recess of the dilated third ventricle 
(curved arrow). 

Fig 24: 'Linearity' , 'Filling the cisterns' + '111-
defined edge' 

There is abnormal asymmetrical enhancement of the 
content of the left middle cerebral artery cistern, seen as a 
linear band over numerous contiguous CT slices (curved 
arrow) . This has an ill-defined edge and is associated with 
'border-zone' infarctions in the left frontal and temporal 
lobes . The findings are in sharp contrast to those on the 
right where the normal right middle cerebral artery is not 
seen as linearity, but is interrupted in appearance due to its 
tortuous course over contiguous slices (arrows). Both the 
right middle cerebral artery and the basilar artery show 
sharp margins and are relatively thin compared to the 
abnormal left middle cerebral al1ery cistern enhancement. 
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Two examples showing right middle cerebral cistern enhancement continuous with the suprasellar cistern in the shape of a 
horizontally oriented 'Y' . This is not seen in normal enhancement of the circle of Willis vessels because the posterior 
communicating artery is not well enough seen to produce the posteromedial arm of the 'Y', as seen on the right in both 
cases. lmage (A) also shows 'border zone' infarction, not present in the second patient, in whom the meningeal I cisternal 
enhancement is more exaggerated. In (8) there is associated focal pontine enhancement consistent with nodular 
enhancement of a tuberculoma. 

There is subtle abnormal meningeal enhancement lining the 
posterior aspect of the outer wall of the infundibular recess 
of the third ventricle (thin arrow). A granuloma is seen in 
the right cerebellar white matter (short an·ow) and there is 
associated hydrocephalus. 

Abnormal asymmetrical enhancement involving the left 
side of the suprasellar cistern and left middle cerebral 
artery cistern, extending to involve the left Sylvian cistern, 
(short arrow). This is in contrast to the normal separate and 
sharply marginated right Sylvian branches of the right 
middle cerebral artery (long arrow). The linear 
enhancement in the Sylvian fissure has been termed the 
'join the dots ' sign . Note also the associated left 'border 
zone' infarcts. 
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Both figures show nodular basal meningeal enhancement. In (B) there is ring-enhancement (arrow). Both 
cases show associated right-sided infarcts, as well as prominent surface markings and ventricles. The latter 
feature may either be the result of cerebral atrophy, temporary shrinkage or mild communicating 
hydrocephalus. 

Fig 29 A& B: Normal suprasellar cistern over 2 consecutive slices 

An example of the normal suprasellar cistern and enhancement of the circle of Willis vessels. Note the 
sharply marginated. smooth vessels, absence of 'Y' signs and double lines, no enhancement posterior to 
the infundibular recess of the third ventricle and no cisternal filling with contrast. If the proximal middle 
cerebral anery is seen as a linear structure. it should be on one slice only. The distal anery may be seen 
as a linear structure on more than one slice as this branches near the Sylvian cisterns. Smooth and 
sharply marginated enhancement of the meningeal covering of the infundibulum is normal (arrow). 
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Anterior cerebral artery branch 
[ enhancing] 

Pia-arachnoid lining Ihe piluitary 
slalk [mi Id enhancemenl] 

Pia-arachnoid lining the lemporal 
lobe [usually not enhancing] 

Fourth venlricle [contains hypodense 
eSF] 
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Pia-arachnoid lining Ihe fronlal lobe 
[usually nOI enhancing appreciably] 

Middle cerebral arlery [enhancing] 

eSF in Ihe suprasellar cislern 
[Normally hypodense] 

Basilar artery wilh poslerior cerebral 
artery branches 

Fig 30: Line diagram demonstrating the normal contents and expected 
enhancement pattern of the suprasellar cistern and circle of Willis vessels 
visible on CT. 

In comparison 10 TBM , a patienl in the 'Negalive ' group wilh pyogenic meningilis shows no features of basal meningeal 
enhancemenl but does show mild 10 moderale hydrocephalus and non-enhancing eSF-densilY subdural surface effusions, 
which are a fealure of pyogenic meningilis 
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MRt scanning shows basal enhancement with greater sensitivity than does CT, as in Fig 32A, which also demonstrates a 
tuberculoma and hydrocephalus. Note that on MRI vessels usually stand out as hypo-intense 'flow-voids' within the 
abnormal cisternal enhancement (long arrow). The second image confirms the CT finding of 'double lines' (short arrow) in 
this patient with asymmeuical enhancement of the suprasellar and left middle cerebral artery cistern . 

Images formed by subtracting the non-contrast from the contrast study demonstrate the basal enhancement even in the 
presence of hyperdense exudates on the non-contrast study 
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Fig 34 A & B: Hydrocephalus and peri-ventricular lucency 

Severe non-communicating hydrocephalus with marked peri-ventricular low 
density representing transependymal fluid shift (left). After insertion of a 
ventriculo-peritoneal shunt, the ventricles are decompressed, the surface markings 
have re-appeared and the peri-ventricular low density has resolved (right). 

Fig 35 A& B: Normal appearance of a neonatal brain 

Patients who are less than a year of age, such as the patient imaged above, have 
prominent subarchnoid spaces because of physiological immaturity of the arachnoid 
granulations and poor re-absorption of CSF (a physiological communicating 
hydrocephalus). This may be inseparable from communicating hydrocephalus due to 
pathologically impaired re-absorption of CSF; from atrophy due to the TBM or co­
existing malnutrition; and from temporary shrinkage due to dehydration. 
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Table 8: CT results for TBM in children: comparison with published series 

Study Total Children Hydro- Basal Infarcts 

Patients cephal us Enhance Parenchymal 

Destruction 

Bhargava 60 36 83% 82% 28% 
(1982)[33J 

Upadhyaya 59(70) 59 100% No result 6% 
( I 983)[36J 

Artopoulos 9 9 100% 11% 44% 
( 1984)[37J 

Schoeman 24 24 87% No result No result 
( I 985)[52J 

Kingsley 25 12 72% No result 67% 
(1987)[32J 

Leiguarda 65 65 89% 69% 38% 
(1988)[39J 

Wacker (199O)(7J 30 30 100% 37% 37% 

Altunbasak 52 52 98% 52% 25% 
(1994)[41 J 

Schoeman 198 198 83% 75% 38% 
(1995)[40J 

Kumar (1996)[46] 94 94 81% 83% 19% 

Patwari (1996)[49] 136 136 32% No result 13% 

Ozates (2000)[ 18J 289 214 80% 15% 14% 

Farinha (2000)(1 OJ 33 33 94% 93% 33% 

Kemaioglu 156 156 No result 46% 22% 
(2002)[42J 

Tung (2002)[8J 7 7 100% 14% 29% 

De (2002)(71 J 21 21 76% 67% 50% 

Andronikou 37 37 68% 89% 62% 
(2004) 

Average 79 74 84% 56% 33% 

['No result' indicates report did not provide that information] 

[Averages exclude our patients (Andronikou et al)] 

Tuberculoma 

10% 

8% 

56% 

No result 

No result 

27% 

No result 

No result 

11% 

24% 

27% 

4% 

15% 

4% 

No result 

10% 

13.5% 

18% 
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Table 9: CT results of TBM in adults: comparison with published series 

Study Total Adults Hydro- Basal Infarcts Tuberculoma 

Patients cephalus enhance Parenchymal 

destruction 

Bullock 52 52 76% 64% 32% No result 
(1982)[34] 

Teoh ( 1989)[28) 64 64 59% 64% 17% 22% 

Misra ( 1996)[6) 64 64 38% 34% 20% 17% 

Hosoglu (1998)[4) 64(101) 64 45% 23% 6.3% 12.5% 

Kalita (200 I )[24] 24 24 67% 38% 50% 13% 

Lan (2001 )[38] 17 17 82% 41% 47% 12% 

Hosoglu 

(2002)[50) 

Andronikou 

(2004) 

Average 

271(434) 271 47% 8% 14% 8% 

37 0 68% 89% 62% 13 .5% 

77 77 60% 45% 31% 12% 

[' No result' indicates the report did not provide that informatIOn] 

[Numbers in curved brackets are the total numbers studied , numbers outside brackets are 

those who underwent CT.] 

[Averages exclude our numbers (Andronikou et al)] 

Other than the study by Farinha et al [10], our series has the highest incidence of basal 

enhancement and infarcts and the lowest incidence of hydrocephalus of any paediatric 

series. In comparison to adult series, a significantly higher incidence of basal 

enhancement and infarcts is present. We presume that this is due to the lack of objective 

criteria for determining the presence of basal enhancement and because of the possible 

inclusion of patients with cerebral atrophy into the hydrocephalus group. 
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