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Summary 
Serieal transcranial doppler studies were carried out in 12 

patients, who developed meningitis during their hospital stay. 
Blood flow velocities in large basal vessels of the anterior circle of 
Willis were correlated with CSF pleocytosis and CSF sugar values. 
Mean blood flow velocities were found to be directly proportional 
to the CSF white blood cell (WBC) count and were inversely pro- 
portional to the CSF sugar values. 

Blood flow velocities were higher when CSF WBC count was 
raised. With only one exception these velocities decreased progres- 
sively with a fall in the CSF WBC count. At the time of meningitis 
there occurred a reduction in CSF sugar values and the blood flow 
velocities were significantly higher. With increase in CSF sugar 
values there occurred a gradual fall in the blood flow velocities. 

Keywords: Blood flow velocities; tanscranial Doppler; menin- 
gitis; CSF pleocytosis. 

Introduction 

Transcrania l  Doppler  sonography (TCD) enables  

b lood flow velocit ies to be measured  in basal  cerebral  

arteries through the intact  c ran ium [1, 9]. Vascular 

s tenosis  is of  c o m m o n  occurrence in  tubercular  men-  

ingit is  [7, 12, 15]. There  are also reports of s imilar  

changes in the large and small  vessels in patients with 

pyogenic  meningi t i s  [3, 6, 9, 13, 16]. 

Blood f low velocit ies are inversely  proport ional  to 

the diameter  of the vessel  [1, 9]. To the best of  our 
knowledge  so far only in two mening i t i s  cases have 

TCD studies been done [9]. The showed increased 

b lood f low veloci t ies  in the ICA and M C A  and later a 

decrease of its velocit ies when  the CSF pleocytosis  

decreased.  

It has been  the purpose of this prospect ive study 

to get more  ins ight  into the dynamics  of  mening i t i s  

induced  changes of cerebral  b lood flow, explor ing the 

usefulness  of  TCD.  It has been carried out in 12 unse-  

lected pat ients  who developed meningi t i s  dur ing their 

hospital  stay in the neurosurgery  department .  A n  

at tempt was made  to correlate cerebral  blood f low 

velocit ies with the CSF pleocytosis  and CSF sugar 

values.  

Material and Methods 
This study included 12 patients who had meningitis, 11 had 

postoperative meningitis within 7 days after operation and 1 patient 
developed meningitis 7 months after initial operation for CSF rhi- 
norrhoea. 

The age ranged from 5 years to 52 years, and there were 9 males 
and 3 females. In 9 patients surgical intervention was carried out in 
the posterior fossa, (2 acoustic neurofibroma, 6 vermis gliomas, 1 
cerebeUar AVM, 1 intra third ventricular craniopharyngioma, 1 
parieto-occipital glioma, and a single patient with CSF rhinorrhea). 

Five patients developed meningitis on the 2nd postoperative 
day, 4 patients on 3rd postoperative day, 1 patients on 6th and one 
on the 7th day after the operation. Patient no. 2 was operated on for 
a supra-sellar germinoma; 7 months later he developed CSF rhinor- 
rhea and meningitis. 

Patients in whom the surgery was carried out close to the Circle 
of Willis were not included in this study to obviate the possibility 
of development of vasospasm by direct manipulation or the pres- 
ence of blood in the basal cistern. Also excluded were the patients 
in whom a fronto-temporal approach was used because postoper- 
ative changes in this region could interfere with the insonation of 
ultra-sonic waves. The diagnosis of meningitis was based on clini- 
cal features and CSF examination. 

The TCD study was carried out using the EME TC2-64B trans- 
cranial Doppler device with a probe of 2 mHZ frequency. The 
Temporal window was chosen because the bone here is thin and the 
Doppler signals can readily penetrate the window, situated just 
above the zygomatic arch, between the ear and the orbit. The ultra- 
sound probe is placed over temporal window. Middle cerebral 
artery flow is towards the transducer and is normally obtained at a 
depth of 40-50 mm and the ICA is at a depth of 60-65 mm. At the 
bifurcation of the ICA the flow is often bidirectional. No attempt 
was made to insonate the basilar or vertebral artery as that requires 
insonation through the foramen magnum and is difficult in most of 
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Table 1. Normal Blood Flow Velocity 

Artery Velocity (cms/second) 

Middle cerebral artery (MCA) 
Anterior cerebral artery (ACA) 
Posterior cerebral artery (PCA) 
Internal carotid artery (ICA) 
Vertebral artery (VA) 
Basilar artery (BA) 

62+ 12 
52 _+ 12 
42 _+ 10 
54 + 13 
36+ 9 
42 + 10 

the patients. Normal blood flow velocity was studied in 10 control 
cases with no intracranial abnormality and their normal value given 
in Table 1. 

Transcranial Doppler (TCD) evaluation of basal vessels of the 
anterior circle of Williams was performed at the time of diagnosis 
of meningitis. Blood flow studies were repeated at 2-3 days inter- 
vals, to evaluate the response treatment. CSF examination was 
repeated during the course of treatment. Three representative read- 
ings of blood flow velocities were taken into consideration, (a) at 
the time of diagnosis of meningitis, (b) during the treatment, (c) at 
the time of termination of antibiotic treatment. 

Vascular-spasm was defined as mean velocities exceeding 
120 cms/sec and significant increase as more than 100 cms/sec. 
Normal velocities ranged from 30-80 cms/sec [1,7]. Vessels inso- 
nated were recognised by (a) depth of insonation, (b) angle of inso- 
nation, (c) flow pattern. 

Results 

Blood flow velocities were almost similar on the 

right and left side. The mean velocities were taken for 
the purpose of this study. In 11 patients the mean 

blood flow velocities ranged f rom 60 to 170 cms/sec. 
Only in one patient (no. 10) the mean blood flow 
velocities ranged from 32 to 68 cms/sec (Table 2). In 
11 patients progressive fall in blood flow velocities 

was observed with the decrease in CSF WBC count. 
The exception was patient no. 9, in whom inspite of 
decrease in the CSF WBC count, mean blood flow 

velocities remained higher. This patient died subse- 
quently. An inverse relationship was also noticed 

between CSF sugar values and flow velocities. 

Discussion 

The occurrence of intracranial vascular stenosis in 

meningitis cases is well documented in the literature. 
But in only two cases the corresponding TCD find- 

ings have been reported. 
Several reports describe vascular stenosis in large 

basal cerebral vessels in patients with tuberculous 
meningitis [2, 8]. Misra e t a l .  [17] from India 
described angiographic findings in tuberculous men- 
ingitis: narrowing and occlusion of the proximal por- 
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tions of  anterior cerebral, middle cerebral and in 
supraclinoid portion of the internal carotid artery. 

This vascular narrowing was thought to be because of 

tuberculous vasculitis [8]. Similar findings were also 

reported by Wadia and Singhal [18], Mathew et  a l .  

[16]. These authors performed angiography as well as 

post-mortem studies in some of their cases, and fur- 
ther proved the role of  tuberculous arteritis in causa- 

tion of angiographic changes in arteries. 

Polymorphonuclear  infiltrations in the sub-intimal 
region of small arteries and veins were reported by 

Dodge and Swartz [5]. Certain unusual angiographic 

changes were observed in patients with purulent men- 
ingitis, which included arterial stenosis, occlusion 

and collateral blood supply. The striking feature of  all 

types of  subacute and chronic meningeal infection is 
the subintimal cellular infiltration of arteries. This 

leads to marked intimal hyperplasia rich in cells. This 

may lead to severe stenosis or even complete occlu- 

sion of the vessels [4, 8, 10, 14]. Lyons and Leeds 

[14] proposed that the exudate may surround the 
arteries and also invade the blood vessel wall. 

There is only one single report, dealing with TCD 
findings in two patients with meningitis [9]. In these 
two cases repeated blood flow velocity measurements 

were carried out. In the first case CSF showed 300 
WBC. Simultaneous TCD observation showed 

marked rise in flow velocity. The flow velocities 

remained high in MCA up to 70 days and in ICA up to 

140 days. The second patient had a relatively less 

severe meningitis. TCD showed flow velocity had 

increased three-fold, however,  flow velocity started 

decreasing on 10th day and came back to normal in 

the 4th week. 
In the present study there was an increase in blood 

flow velocities in all but one case. The increase in 

mean blood flow velocities could be explained by (a) 

vascular stenosis because of thickening of vessel 

wall, (b) vasospasm as a result of  deposition of exu- 
dates over the large basal vessels, (c) a combinations 

of both factors. 

A direct relationship was observed between mean 

flow velocity and CSF pleocytosis. In eleven patients 
there occurred a decrease in flow velocities as the 

CSF WBC count came down. Only patient no. 9 con- 
tinued to show increase in flow velocities despite a 
decrease in WBC counts. A possible explanation for 

this could be that this patient continued to have raised 
intracranial pressure because of postoperative brain 

oedema and presence of residual tumour. 
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Table 2. Serial Transcranial Doppler Study 
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Sr. Name, Diagnosis 
no. age, 

and 
s e x  

Time CSF Examination 
interval 
between RBC WBC Sugar 
oper- 
ation & 
menin- 
gitis 

Lt. ICA Lt. MCA Rt. ICA Rt. MCA 

+ ++ +++ + ++ +++ + ++ +++ + ++ +++ 

1. M.A. ,  Vermis 
18/M glioma 

6d  Full 600 32/106 200 94 0.99 158 86 0.92 200 114 1.18 176 92 1.0 
0 70 70/100 128 76 0.99 150 90 0.90 126 72 0.90 160 72 0.99 

600 50 72 144 86 0.90 158 86 0.92 134 84 0.87 138 82 0.85 

2. P.S.,  Postop. case 
46/M of supra- 

sellar 
CSF rhinorrhea 

7 m  250 1270 18 
5 80 26 

15 55 22 

156 114 1.01 214 128 0.98 172 86 1.05 176 92 1.0 
126 72 0.99 200 94 0.92 150 90 0.90 158 86 0.92 
128 76 0.99 134 84 0.87 126 72 0.90 138 82 0.85 

3. S.K.  AVMsuperior 2d  
8/M surface Rt. 

cerebellum 

403 1940 64 
1650 750 32 
Full 40 70 

214 162 0.49 200 146 0.56 130 98 0.55 136 102 0.57 
192 144 0.47 144 102 0.52 122 t00 0.38 126 102 0.38 
180 132 0.49 156 116 0.59 142 96 0.72 146 106 0.65 

4. M.K.,  Vermis 
12/M glioma 

2 d  Full 3500 73 
Full 10 60 

3200 0 55 

220 170 0.39 208 156 0.50 126 92 0.53 142 100 0.48 
192 144 0.47 144 102 0.52 122 100 0.38 126 102 0.38 
180 132 0.49 156 116 0.59 142 96 0.27 146 106 0.65 

5. K.A.,  Vermis 
9/M glioma 

3d  Full 9980 28 
Full 1800 15 

220 170 0.39 208 156 0.50 126 92 0.53 142 100 0.48 
214 162 0.49 200 146 0.56 130 98 0.55 136 102 0.57 
192 144 0.47 144 102 0.52 122 100 0.38 126 102 0.38 

6. S.D.,  Vermis 
30/F glioma 

3d  Full 7000 12/276 176 130 0.57 174 124 0.78 142 100 0.60 154 112 0.54 
Full 70 32/102 176 138 0.53 200 156 0.47 192 146 0.41 206 166 0.40 

30 30 36 112 86 0.45 104 78 0.46 106 78 0.50 120 86 0.45 

7. R.K.,  Lt. acoustic 
52/M neuro- 

fibroma 

7d  75 233 19 130 78 0.99 120 72 1.01 118 66 0.98 118 78 0.85 
20 30 32/85 102 60 0.89 106 58 0.94 108 64 0.90 96 56 0.89 

0 0 40/100 102 76 0.65 100 42 0.98 126 72 0.90 92 72 0.53 

8. M.K.,  Vermis 
5/M glioma 

2d  2400 450 35 
160 70 36 

162 118 0.56 184 142 0.58 166 122 0.55 170 128 0.47 
162 128 0.52 170 132 0.46 166 126 0.48 164 120 0.50 
102 76 0.65 98 72 0.46 98 72 0.53 92 72 0.53 

9 N.R.,  Rt. parieto- 
20/F occipital 

malignant 
mixed glioma 

3d  320 1900 14 
40 4800 5 
10 70 29 

172 142 0.42 128 90 0.81 100 50 0.73 140 120 0.55 
202 150 0.52 214 128 0.98 138 92 0.90 154 98 0.91 
214 146 0.56 208 156 0.50 144 86 0.90 158 86 0.92 

10. S., 3rd ventri- 
35/M cular cranio- 

pharyngioma 

2d  Full 900 74/213 
1420 300 26/65 

40 0 47/89 

110 48 1.33 100 48 1.67 92 48 1.56 88 44 1.19 
100 42 0.98 102 44 1.73 80 38 1.43 80 38 1.43 
108 64 0.82 100 42 0.98 96 68 0.62 60 32 0.74 

I1. N.K.,  Vermis 
12/F glioma 

2d  Full 3100 12 
400 300 103 

6500 45 42 

162 118 0.56 184 142 0.58 166 122 0.55 206 166 0.40 
162 128 0.52 170 132 0.46 166 126 0.48 200 158 0.42 
176 138 0.53 174 124 0.78 170 140 0.43 170 128 0.47 

12. F., Lt. acoustic 
25/M neurofibroma 

3d  3500 600 36/130 220 170 0.39 208 156 0.38 192 146 0.41 206 106 0.40 
530 150 91/118 214 162 0.49 200 146 0.56 142 100 0.60 154 122 0.54 
150 10 88 192 144 0.47 156 116 0.59 106 78 0.50 120 86 0.45 

+ peak, ++ mean, +++ P. I. 
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A good correlat ion was also observed be tween  

mean  blood flow veloci t ies  and CSF sugar values.  

With an increase in CSF sugar value there occurred a 

decrease in the blood flow velocit ies.  

Serial measurements  of mean  blood flow velocit ies 

by TCD devices  can indi rec t ly  suggest  vessel  d iam-  

eter, which may vary with the CSF pleocytosis .  This  

non invas ive  method can be ut i l ized in patients with 

meningi t i s  to evaluate the response of an t i -meningi t ic  

t reatment .  If interpreted correctly this may obviate  the 

need for repeated CSF examina t ions .  
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