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ABSTRACT 

 

Background: Transcranial Doppler (TCD) ultrasonography is a relatively new technology used to evaluate the 

intracranial circulation. With TCD ultrasonography blood flow velocity can be evaluated and used to make 

determinations about intracranial hemodynamics. The combined use of magnetic resonance angiography (MRA) and 

transcranial Doppler ultrasound may replace the invasive intra-arterial angiographic examination in many patients with 

suspected macroangiopathy of vertebrobasilar arteries. Objectives: In the present study we tried to test the sensitivity of 

Transcranial Doppler ultrasound (TCD) & MRA of the brain and to detect hemodynamic changes in arterial system of 

patients with posterior-circulation strokes and few patients with posterior transient ischemic attacks (TIAs). Methods: 

Sixty patients (34 males and 26 females) with acute vertebrobasilar ischemic stroke were selected at the first 48 hours 

from onset in our study beside another ten normal persons, age & sex matched, as a control group.  We assessed the 

baseline stroke severity using the National Institute of Health Stroke Scale (NIHSS) score. All patients were subjected to: 

TCD & MRA of the brain. Results: The sensitivity of MRA in relation to TCD was (46.5%) & specificity was (100%). 

Conclusion: We concluded that the sensitivity of TCD was more than MRA in hemodynamic evaluation of 

vertebrobasilar arterial system. (Egypt J. Neurol. Psychiat. Neurosurg., 2009, 46(2): 357-364) 
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INTRODUCTION 

 

Transcranial Doppler (TCD) ultrasonography is a 

relatively new technology used to evaluate the 

intracranial circulation. With TCD ultrasonography 

blood flow velocity can be evaluated and used to make 

determinations about intracranial hemodynamics.
1
 

Magnetic Resonance angiography (MRA) is a 

non-invasive technique whose diagnostic value in 

vertebrobasilar artery disease is very important, and 

provides helpful images of the arterial blood flow, 

but the evaluation of the degree of stenosis by MRA 

is too difficult.
2
   

The use of transcranial Doppler ultrasound 

(TCD) started 1982, and ability to identify specific 

segment of the main cranial arteries became possible 

together with rapidly detecting direction of flow 

within these vessels.
3
 

The combined use of magnetic resonance 

angiography and transcranial Doppler ultrasound 

may replace the invasive intra-arterial angiographic 

examination in many patients with suspected 

macroangiopathy of vertebrobasilar arteries.
4
 

 

Aim of the study: 

The aim of this work is to study the sensitivity 

of TCD in relation to MRA to detect heamodynamic 

changes in arterial system of patients with posterior-

circulation ischemic strokes and few patients with 

transient ischemic attacks (TIAs) related to the 

posterior-circulation territory. 

 

SUBJECT AND METHODS 

 

Sixty patients (34 males and 26 females) and 

their mean age was 59.4711.42 with acute 
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vertebrobasilar ischemic stroke (suspected clinically 

or presented by posterior cerebral ischemia on Brain 

MRI) were selected at the first 48 hours from onset, 

beside another ten normal persons age & sex 

matched, as a control group. 

Our studied patients were examined 

neurologically and assessed using NIHSS,
 (5)

 and 

follow up evaluation of clinical findings was done 

daily during their period of admission (1
st
 week from 

onset) to detect the course of their ischemic insult. 

We recorded the findings on admission, 24 hours 

from onset, during 1
st
 week (at the 3

rd
 day from 

onset), and at the end of the 1
st
 week. 

 

Radiological Investigations were done for all 

patients including TCD and Brain MRA within 72 

hours from the initiation of symptoms. 

A. Transcranial Doppler Ultrasonography (TCD): 

TCD was performed for sixty patients with 

vertebrobasilar ischemic stroke, and interpreted 

at bedside using A 2 MHz multi-channel 

equipment (Multi-Dop- X2 DWL). 

B. Magnetic Resonance Angiography (MRA): 

All patients were subjected to MRA using 3 D 

time of flight (TOF) technique to visualize the 

vertebrobasilar arterial system, in MRI unit of 

Radiology Department, Mansoura University 

Hospital. 

 

T1 (TR 700-TE20), T2 (TR6000-TE100) and 

FLAIR (TR8000-TE140). 

 

Statistical Methods 

The collected data were computed and analyzed 

using Excel program and Statistical Package for Social 

Science (SPSS) version 10. All reported P values are 

two-tailed and considered statistically significant if 

P<0.05 at confidence interval 95%. 

 

RESULTS 

 

In table (1) it is quite evident that; most of 

mild patients groups had no abnormalities detected 

by MRA brain.  

 The entire control group was divided according 

to hypertension into normotensive (4 persons), and 

hypertensive (6 persons) as shown in table (3), and it 

revealed that all normotensive subjects had no 

abnormalities detected in their TCD findings.  

While in hypertensive persons (6 persons) of 

the control group MFV± SD of the VBA system 

were higher than those of normotensive patients and 

PI elevated up to 1.5 and this picture is consistent 

with mild stenosis of the VBA system. 

Table (4) shows the MFV & PI (TCD findings) 

of different pathological findings of the VB arterial 

system in the studied patients. 

In table (5) it is quite evident that there was no 

significant difference between different patients' 

groups as regard their TCD findings.  

Table (6) shows the TCD versus MRA in our 

study. It reveals that; the *sensitivity of MRA in 

relation to TCD is (46.5%) & *specificity is (100%). 

Table 1. MRA findings in the studied patients. 
 

MRA 
NAD 

PCA VA BA 
Normal Narrow Occlusion Normal Narrow Occlusion Normal Narrow Occlusion 

No No No No No No No No No No 

TIA 

N=5 
5 5 0 0 5 0 0 5 0 0 

Reversible 

N=3 
3 3 0 0 3 0 0 3 0 0 

Ir
r
e
v

e
r
si

b
le

 

Regressive 

N= 6 
4 6 0 0 5 1 0 5 1 0 

Stationary 

N=21 
15 18 2 1 18 2 1 17 4 0 

Progressive 

N= 15 
7 10 2 3 12 2 1 13 2 0 

Died 

N=6 
0 3 2 1 5 1 0 2 2 2 

N= total number of that group, NO= number of patients having this findings, NAD= No abnormality detected 

PCA= posterior cerebral artery, VA= Vertebral artery, BA= Basilar artery 
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Table 2. TCD in the studied groups. 

 

TCD 

Patients 

N= 60 

Control 

N= 10 
t 

NO % NO % 

19.12 

NAD 4 6.7 6 60 

Selective Stenosis 35 58.3 4 40 

Diffuse Stenosis of the VB arteries 17 28.25 0 0 

Total occlusion 4 6.7 0 0 

P< 0.05* 

 

Table 3. TCD in control group. 

 

TCD 

Control 

(Normotensive) (N=4) 

Control 

(Hypertensive) (N=6) t 

NO % NO % 

NAD 4 100 2 33.3 

0.01 

Stenosis 0 0 4 66.7 

MFV 

(Mean±SD) 

PCA VA BA PCA VA BA 

38.5±5.3 35.5±9.9 28±4.3 47.5±11.1 38.3±4.7 32±11.8 

PI 

(Mean±SD) 
1.0±0.19 0.8±0.14 0.83±0.2 1.2±0.3 1.2±0.31 1.1±0.32 

P=0.99 

N= total number of that group, NO= number of patients having this findings, NAD= No abnormality detected 

PCA= posterior cerebral artery, VA= Vertebral artery, BA= Basilar artery 

TCD= transcranial doppler, MFV= mean flow velocity, PI= pulsatility index. 

 

Table 4. MFV & PI In the studied patients. 

 

TCD 
PCA VA BA 

MFV PI MFV PI MFV PI 

NAD 37.5±9.2 0.8±0.12 29.5±7.4 1.1±0.1 36.5±8.2 0.9±0.2 

Stenosis 

(Mean±SD) 
52.0±9.6 1.6±0.7 57.0±6.1 2.2±1.8 65.3±6.9 2.3±1.5 

Diffuse Stenosis 

Of VB arteries 

(Mean±SD) 

53.5±9.7 1.9±0.4 50.9±9.8 2.0±0.7 56.1±4.3 2.1±0.8 

Total occlusion No signals No signals No signals 

t 3.3 3.4 5.5 

p 0.002* 0.002* 0.00* 
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Table 5. TCD findings in the studied patient groups. 

 

TCD 
NAD 

PCA VA BA 

Normal Stenotic Occlusion Normal Stenotic Occlusion Normal Stenotic Occlusion 

NO NO NO NO NO NO NO NO NO NO 

TIA 

N=5 
1 4 1 0 1 4 0 4 1 0 

Reversible 

N=3 
1 3 0 0 1 2 0 3 0 0 

Ir
re

v
er

si
b

le
 

Regressive 

N= 6 
0 3 3 0 2 4 0 3 3 0 

Stationary 

N=21 
2 10 10 1 11 9 1 8 13 0 

Progressive 

N= 15 
0 3 10 2 7 8 0 7 8 0 

Died 

N=6 
0 3 3 0 5 1 0 2 4 0 

N= total number of that group, NO= number of patients having this findings 

 

Table 6. TCD versus MRA in the studied group. 

 

 

 

TCD (+Ve findings) TCD (-Ve findings) 

NO % NO % 

MRA 

+Ve findings 
26 43.3 0 0 

MRA 

-Ve findings 
30 50 4 6.7 

*Sensitivity = true +ve / (true +ve + false -ve) 

*Specificity = true -ve / (true -ve + false +ve) 

 



Aref S. et al. 

361 

 

Illustrated case:  A 56 years-old female patient, presented with right side hemiparesis, right side hemihypoalgesia, 

with NIHSS (4).   

 

  

(A) (B) 

  

(C) (D) 

Picture is consistent with focal stenosis of the proximal segment of the left posterior cerebral artery. 

 

Fig. (1): (A) Brain CT scan with unremarkable findings. (B) MRA showing attenuation of the right vertebral 

artery. (C) TCD of the proximal segment left posterior cerebral artery (Lt. PCA), the flow is toward the probe and 

the mean flow velocity (MFV) is 74 cm/s, the pulsatility index (PI) is 1.68 (Stenosis of the examined arterial 

segment). (D) TCD of the distal segment of the left posterior cerebral artery (Lt PCA), the flow is toward the probe 

with blunted wave, and the mean flow velocity (MFV) is 14 cm/s, the pulsatility index (PI) is 0.71 (post-stenotic 

left PCA). 
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DISCUSSION 

 

In the present work we studied 60 patients with 

vertebrobasilar ischemic stroke, they included (45 

males and 35 females), and 10 healthy control 

subjects (5 males and 5 females) age & sex matched.  

MRA findings showed that; all patients of TIA 

group and reversible group had no abnormalities 

detected in their brain MRA. However it was more 

conclusive in worse groups with detection of 

narrowing in one or more of the VB arterial system.  

This is in agreement with Bhadelia et al.
6
, who 

found that vertebral artery disease can be missed by 

MRA. Also Nina,  (2004) 
(7)

 stated that MRA only with 

administration of contrast medium (gadolinium) is 

effective in identifying vertebrobasilar stenosis in TIA 

patients & he recommended that if accuracy is 

therapeutically important, cerebral angiography is 

necessary & MRA is insufficient. 

However Fujita et al.
2
, proved that the 

evaluation of the degree of stenosis by MRA is too 

difficult.  

Andrew et al.
8
, stated that normal transcranial 

doppler findings of posterior, basilar, & vertebral 

arteries showed a low resistance with a pulsatility 

index (0.6-1.1) with age expected MFVs < 60 cm/s 

& velocity ratio : Posterior C. A. > Basilar > 

vertebral , while the stenotic velocities is predicted 

when there is a focal significant MFV increase > 30 

%, compared with proximal or contralateral arterial 

segments, and/or PCA ≥ 50 cm/s, BA ≥ 60 cm/s, and 

VA MFV ≥ 50 cm/s in adults.   

TCD of the studied patients showed that, 

patients with selective stenosis in one or more of the 

VB arterial system, showing elevation of the MFV> 

50cm/s with reversal of the normal hierarchy of the 

MFV ratio (MCA>ACA ≥ siphon ≥PCA ≥ BA>VA),  

with elevation of the PI in most of the patients >1.5, 

while patients with total occlusion of one of the VB 

arterial system have no signals by TCD. 

TCD in our studied patient groups showed a 

pathological findings either stenotic or occlusion of 

one or more of the vertebrobasilar arterial system for 

most of our patients did that procedure, and only one 

patient of TIA group, another one of reversible 

group and 2 other patients of stationary group 

showed no abnormalities. 

Our study revealed that all normotensives of 

control group had no abnormalities detected in their 

TCD findings in which; the MFV±SD of the 

vertebrobasilar arterial system were within average 

normal and PI < 1.2. While in hypertensive persons 

of the control group MFV±SD of the VBA system 

were higher than those of normotensive patients and 

pulsatility index (PI) elevated up to 1.5 and this 

picture is consistent with mild stenosis of the VBA 

system. 

Alexandrov
9
, stated that the effect of 

hypertension on intracranial doppler recording may 

include increase in flow pulsatility (pulsatility index 

value of ≥ 1.2) and relative increase of mean flow 

velocity above age expected values.  

In the present study we found that; any patients 

with a pathological findings of vertebrobasilar 

arterial system by MRA of the brain, were also 

detected by TCD, while 50% of the patients with a 

pathological findings by TCD had no abnormalities 

detected in their MRA of the brain. So; the 

sensitivity of MRA in relation to TCD is (46.5%) & 

specificity is (100%). 

Jean et al.
3
, sited that TCD advantages include 

an ability to identify specific segment of the main 

cranial arteries and to appreciate rapidly the 

direction of flow within these vessels. 

On the other hand; Flemming & Brown
4
 found 

that transcranial doppler ultrasonography of the 

posterior circulation is difficult. This is could be due 

to poor signal – to – noise ratio and inadequate 

depth of insonation.  

However, Levi et al.
10

 found that the accuracy 

(sensitivity and specificity) of TCD in the detection 

of intracranial occlusive disease can be considered 

acceptable depending on the clinicians experienced 

in its use and it has a sensitivity and specificity of 

90-99% for finding a stenosis or an occlusion, and 

they found that the main limitation of transcranial 

ultrasound is the inadequacy of the acoustic window 

through either the temporal bone or the foramen 

magnum.     

Flemming & Brown
4
 concluded that the 

combined use of magnetic resonance angiography 

and Doppler ultrasound is more superior to either 

technique alone, and may replace the invasive intra-

arterial arteriography examination in many patients 

with suspected macroangiopathy of the 

vertebrobasilar arteries. 
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Also Krejza et al.
11

 concluded that transcranial 

doppler imaging (TCDI) could identify the major 

cerebral blood arteries more effectively than 

transcranial doppler non-imaging (TCD). 

Furthermore, a risk of inaccurate velocity sampling 

with TCD is higher than with TCDI.   

 

 

Conclusion 

Our study revealed that, MRA is a non-

invasive technique whose diagnostic value in 

vertebrobasilar artery disease is very important, and 

provides helpful images of the arterial blood flow 

and of the arterial architecture, but it was 

insufficient in evaluation of the degree of stenosis of 

the intracranial blood vessels, also gives some false 

negative results in many cases. 

While, TCD was more conclusive than MRA 

in pathology detection in different patient's groups 

including mild cases and TIAs group patients. 

The combined use of magnetic resonance 

angiography and transcranial Doppler ultrasound 

may replace the invasive intra-arterial angiographic 

examination in many patients with suspected 

macroangiopathy of vertebrobasilar arteries. 
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