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Evaluation of steal phenomena by measuring the steal index using transcranial Doppler ultra-

sound in intracranial arteriovenous malformation
WU Gang'?, ZHANG Xiao-zheng?, LU Bing-xun', XU Guo-ying’, ZHENG Yi-yong’
'Department of Neurology, Nanfang Hospital, First Military Medical University, Guangzhou 510515, China; *Depart-

ment of Neurosurgery, Wuhan General Hospital of Guangzhou Command, Wuhan 430070, China; *Department of
Neurology, First Affiliated Hospital, Fujian Medical University, Fuzhou 350005, China

Abstract: Objective The authors previously deduced a formula for calculating the steal index (SI) for evaluation of the steal
phenomena during the development of the collateral circulation resulting from unilateral carotid artery occlusion or stenosis. In
this study the authors examine the application of SI in evaluating the steal phenomena of cerebral blood flow in cases of in-
tracranial arteriovenous malformation (AVM). Methods The clinical data of 16 cases of AVM confirmed by both digital sub-
traction angiography (DSA) and transcranial Doppler (TCD) ultrasound were analyzed retrospectively. The ratio of the mean
blood velocity in the direct or indirect feeding artery (Vmfv) for the area containing AVM to the mean blood velocity in the
neighboring feeding artery (Vmna), Vmfv/Vmna, was compared with SI of the corresponding arteries (SI=1-PI,/PI,, where PI,
is the pulsatility index of the feeding artery and PI, the pulsatility index of the neighboring feeding artery), and the correlation
between SI and the size of AVM was analyzed statistically. Results The Vmfv/Vmna of direct and indirect feeding arteries for
AVM both exhibited positive correlation with SI (=0.62, P<0.05, n=16; r=0.53, P<0.01, n=27), and SI appeared to be in posi-
tive correlation with the size of AVM, but which failed to be supported by statistical analysis (r=0.48, P>0.05, n=12). Conclu-
sion The sizes, types and development of the vascular bed of AVM can be evaluatea by analysis of SI derived from TCD in
combination with DSA.

Key words: transcranial Doppler; steal index; arteriovenous malformation
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Fig.1 TCD images of AVM involving both the right middle
(LMCA)PIL ’ ’ cerebral artery (RMCA) and the right posterior cerebral
SI=1-0.68/0.93=0.27 , (RPCA) artery (RPCA)
Vm Pl : (LPCA)  AVM: Arteriovenous malformation; TCD: Transcranial Doppler; LMCA:
Vm PI ( ),SI=1-0.47/ Left middle cerebral artery; RACA: Right anterior cerebral artery;
0.94=0.5 . LACA: Left anterior cerebral artery; LPCA: Left posterior cerebral artery

2 AVM

AVM  DSA

Fig.2 DSA images of AVM involving both the RMCA and the RPCA
A: Frontal view of AVM in RMCA; B: Lateral view of the AVM in RMCA; C: AVM supplied by ipsilateral
anterior cerebral artery; D: Frontal view of AVM in RPCA; E: Lateral view of AVM in RPCA
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1 Vm /Vm SI

Tab.1 Association of Vmfv /Vmna and SI the with size of

AVM in cases of stealing in the feeding artery

Case Feedingartery PIfv  Plna Vmfv/Vmna SI Size of AVM

1 RMCA 0.46 1.06 1.75 0.57 0.52
2 LMCA 0.50 1.20 4.47 0.58 18.84
3 LACA 042 0.64 1.36 0.34 25.12
4 RMCA 0.64 0.86 1.05 0.26 24.07
5 RMCA 0.69 0.98 1.64 0.29 12.56
6 LMCA 043  0.97 1.64 0.56 52.30
7 RPCA 045 0.81 2.7 0.44 14.13
8 LMCA 045 0.84 2.67 0.46 16.75
9  LMCA(branch) 044 0.75 2.05 0.41 2.09

10 LMCA 056 1.15 2.60 0.51 131.88

11 RMCA 043 1.20 2.31 0.64 153.86

12 RMCA 0.56 0.83 1.64 0.33

13 LMCA 0.56 091 2.12 0.38

14 RMCA 047 0.72 1.94 0.35

15 RMCA 0.44  0.80 2.47 0.45

16 RMCA 045 140 3.37 0.68 14.13

PIfv: Pulsatility index of feeding vessels; Plna: Pulsatility index of
neighboring artery of the feeding vessels; Vmfv: Mean blood velocity of
the feeding vessels; Vmna: Mean blood velocity of the neighboring artery;
SI=1-PIfy/PIna; RMCA: Right middle cerebral artery; RACA: Right
anterior cerebral artery; LACA: Left anterior cerebral artery; RPCA: Right
posterior cerebral artery; LPCA: Left posterior cerebral artery. When the
blood flow in the ipsilateral ACA failed to be detected, SI of the
contralateral, LACA and the neighboring LMCA was used (see Tab.2).
Size of AVM=length(cm)xwidth(cm)xfront-after's diameter(cm)x 6.
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Fig.3 Correlation between Vmfv/Vmna and SI
in the direct feeding artery of 16 AVM cases
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Tab.2 Association of Vmfv /Vmna and SI with size of

AVM in cases of stealing in the indirect feeding artery

Case Feedingartery PIfv  Plna Vmfv/Vmna SI Size of AVM
1 LACA 0.64 0.89 1.20 0.28
RPCA 0.60 0.81 1.11 0.26 0.52
2 RACA 0.67 096 1.49 0.30
LPCA 0.56  1.07 1.70 0.48 18.84
3 RACA 0.56  0.75 1.71 0.25 25.12
4 LACA 0.75 089 1.49 0.16
RPCA 0.67 0.89 1.13 0.25 24.07
5 LACA 0.59  0.99 1.12 0.40
RPCA 0.81 1.01 1.27 0.20 12.56
6 RACA 0.55 0.75 1.61 0.27
LPCA 033 081 1.86 0.59 523
- 14.13
RACA 0.55 091 1.42 0.40
LPCA 0.77  0.89 1.05 0.13 16.75
9 - 2.09
10 RACA 0.67 091 1.30 0.26
LPCA 0.53 0.75 1.83 0.29 131.88
11 LACA 0.56  0.89 1.33 0.37
RPCA 041 0.73 3.47 0.44 153.86
12 LACA 0.56  0.83 1.64 0.33
RPCA 0.51 091 2.82 0.44
13 RACA 084 1.04 0.85 0.19
LPCA 0.84 0.99 1.70 0.15
14 LACA 0.60 0.81 1.39 0.26
RPCA 043 0.72 1.91 0.40
15 LACA 0.55 0.82 1.78 0.33
RPCA 0.48 093 1.92 0.48
16 LACA 0.68 093 1.22 0.27
RPCA 048 094 1.89 0.49 14.13
3.5 *
3.0
-
s 2.5
§ 2.0
g 28 0y A
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> 15 - R &4 ot
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Fig.4 Correlation between the Vmfv/Vmna and SI in

indirect feeding artery in 27 sides of 16 AVM cases

3 AVM SI  XSI
Tab.3 Correlation between the 2SI and size of AVM
1 2 3 4 5 6 7 8 10 11 12
3SI 1.11 1.36 0.59 0.67 0.89 1.42 0.44 0.99 0.41 1.06 1.45 0.76
Size of AVM  0.52 1.84 25.12 24.07 12.56 52.3 14.13 16.75 2.09 131.88  153.86 14.13
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