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[ Abstract]

relevant factors affecting cerebral ischemic tolerance for internal carotid artery (ICA) occlusion by Balloon

Objective To analyze compensatory ability of the cerebral collateral circulation and

Test Occlusion (BTO), providing reference basis for the selection of treatment methods in tumors or
complicated aneurysms with ICA involved. Methods The clinical data of 87 cases BTO (85 patients, two
of whom underwent bilateral BTO) of ICA in Tianjin Huanhu Hospital from June 2016 to September 2021
were analyzed retrospectively. The integrity of anterior or posterior of circulation structure, collateral
compensatory capacity, tolerance to ICA occlusion and its influencing factors were analyzed. Results
There were 8 [9.20% (8/87)] BTO positive cases. The positive rate was of cases with incomplete anterior
communicating artery was higher than those with complete anterior communicating artery [3/5 vs. 6.10% (5/
82); Fisher's exact probability: P =0.005]. The positive rate of cases with complete fetal posterior cerebral
artery (fPCA) which was higher than those without complete fPCA [3/7 vs. 6.25% (5/80); Fisher's exact
probability: P =0.015]. The positive rate of cases with non-open anterior circulation which was higher than
those cases with open anterior circulation [3/6 vs. 6.17% (5/81); Fisher's exact probability: P =0.009]. The
positive rate of cases with non-open posterior circulation which was higher than those cases with open
posterior circulation [20% (5/25) vs. 0 (0/59); Fisher's exact probability: P =0.002]. Only the positive rate
of patients with anterior circulation opening was higher than that of patients with open anterior circulation
and open posterior circulation [13.04% (3/23) vs. 0 (0/3); Fisher's exact probability: P = 0.022], neither
anterior nor posterior circulation opening were significantly higher than those with only anterior circulation
opening [2/2 vs. 13.04% (3/23); Fisher's exact probability: P = 0.033] and both anterior and posterior
circulation opening [2/2 vs. 0 (0/56); Fisher's exact probability: P = 0.001]. Once the ICA occluded, the
anterior circulation, the posterior circulation, both of anterior and posterior circulation could provide anterior
cerebral artery (ACA) supplied area with compensatory blood flow for 88.10% (74/84), 3.57% (3/84), 5.95%
(5/84) cases, respectively. The anterior circulation, the posterior circulation, both anterior and posterior
circulation could provide middle cerebral artery (MCA) supplied area with compensatory blood flow for
27.38% (23/84), 16.67% (14/84), 53.57% (45/84) cases, respectively. There were statistically significant
differences in the compensatory capacity between ACA (x*=53.000, P =0.000) and MCA (x’ =54.244, P =
0.000). The combined compensatory capacity of both anterior and posterior circulation was higher than that
of single anterior circulation (Z =6.754, P =0.000; Z = 6.180, P = 0.000), single posterior circulation (Z =
2.277, P =0.023; Z =5.065, P =0.000) and neither anterior nor posterior circulation (Z =1.991, P =0.047;
Z =2478, P =0.013). Conclusions The anterior circle is functionally much more important than the
posterior circle. Non-open anterior circulation, especial absence of anterior communicating artery, complete
fPCA, neither anterior nor posterior circulation were highly predictive for intolerance to ICA occlusion. For
these cases, attention should be paid to the protection of ICA or active blood flow reconstruction technology
to reduce the occurrence of cerebral ischemia. Those cases with both opened anterior circulation and
opened posterior circulation provided higher compensatory ability than those with single circulation. For
those cases, the ICA of could be sacrificed.

[Key words] Arterial occlusive diseases; Carotid artery, internal; Balloon occlusion; Circle of
Willis;  Collateral circulation
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Table 1. Comparison of the BTO positive rate among
different types of patients [case (%)]

415 5% BTORKEAYE KIEXME PMHE
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S 27 2( 7.41)
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>60% 25 3(12.00)

AT ] 531 0.040 0.841
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P4 ZEN) A1 B fk — 0.176
& 2 1(1/2)
i 85 7( 8.24)

X AT BE i — 1.000
& 1 0(0/1)
w 86 8( 9.30)

Tl 22 38 2 ok ik 4 — 0.005
2 5 3(3/5)
7£r 82 5( 6.10)

141 ZE 0 5¢ 4: fPCA — 0.015
e 7 3(3/7)
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41 A T 498 B FF ik = 0.009
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i 6 3(3/6)

141 ZE00 )5 478 B T ik = 0.002
e 59 0( 0.00)
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— , Fisher’s exact probability, Fisher B VI HE 2 7% . BTO, Balloon
Test Occlusion, Bk #¢ 4] 2€ i & ; {PCA, fetal posterior cerebral
artery , JJi i 74 K i J5 30 bk

R2 ORISR AR FR AL E BTO 18 B 5 A L
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Table 2. Comparison of the BTO positive rate among
different types of collateral circulation* (case)
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Iy, BAE BRI ik 23 0 (27.38% ) . J 16 FR T ik 3
(3.57%) , il J5 & ¥ 3 FF 750 56 (66.67% ) \Hij Ja 116 6
PIRTF i 2 (2.38% ) . BTO R 56 5 BHE & 8 01, BH
PER L) 9.20% (8/87) , AN [ 4 ) BH A 2 L4, i 228
T B ik Bk AN TR B A (P = 0.005) | 58 42 IR iR K
1 Je 2l ok v T AR 58 A IR IR L (P = 0.015) i1 35 A
TF 0 T 0 A6 2R IF AL (P = 0.009) | J5 76 25 A IF 0
TG A6 PR FF (P = 0.002) , i AS [6] 4 51 4 % | 4] 2
0] 53] A ZE ) R0 k) AL B BBk BB BTO 3K 56 PH 1
RER LGB X (¥ P>005,%1); A0
S AR A e 7 VA ARG BR i AN 8 PR
TG A6 P8 2 T 805 15 A6 20 35 A8 TR R # BTO IR
05 BH M % 22 S5 HLA Ge 2 3 S (Fisher i DI F 7%
P=0.000, % 2) , H A AGIE BRI 808 5 T RS 6
I 8CE #F (Fisher B VI RE 2L : P =0.022) , {5
18 P 34 A FF 0 A8 35 I8 e T AT B I (Fisher
VIR, P =0.033) FHT S 16 25 29 TF US4 (Fisher
UM% : P=0.001)

3N Bl ik P ZE S5, P ZE 0 R I T 3 ik ik o 1X 28
P — TG I AL 740 (7 88.09% (74/84) , ASITN/SIR
I3~ AR (BN ARAEE) , TG 4(4,4) 9
25— J5 IR FRACEE 30 7 3.57%(3/84) , ASITN/SIR
I3~ AR (BN AEBAEE) P9 4(3,4) 9
25 G BR A0 S E 28 2L W AR 50 5.95% (5/84)
ASITN/SIR 23 90 2 F1 K 5~ 7 9% (¥ A 3082 ) ,
BLAr 9% 6(5,7) 9% ; 1 Ja 1B PR B A ACLE 200 5 2.38%
(2/84) , ASITN/SIR 73 2 A % o bk 4 FpAR £ 07 X
ASITN/SIR 4+ 2 22 5 B G122 8 L (P =0.000, 3
3), Horp 1 5 96 26t [ A A 40 ASITN/SIR 73 4% & T
BT EFACEZZH (P =0.000) B — 5 I8 FR AL B 40
(P =0.023) 1 Hi J5 & 2 2 AR ACEEH (P =0.047) , H
L I R A = W = R (= B2 B NE AW =
(P=0.000,34), A ZEM K Rl o 3 bk gt il X 28 51—
G PR R 231 15 27.38%(23/84) , ASITN/SIR 43 4%
1~ 49 [ Hp B8R Y 22.62%(19/84) |, Hi i 41
R4, )W AR — 5 IHIACLE 140 5 16.67%(14/
84) , ASITN/SIR 732 3 ~ 4 2 (¥ A RACEE) ,
IR A (3, 4) 95 &R0 I IR IR 2R R AR 45 )
53.57%(45/84) , ASITN/SIR /3 2% Z Fl N 3 ~ 8 2% (4
FA A ) L4y 9 6(5,6) G5 i 6 FR H R AT



o [ B 2 2 R 2022 4F 5 1 45 22 45 5 1)

Chin J Contemp Neurol Neurosurg, May 2022, Vol. 22, No. 5 . 345 -

R3 BN KA ZE S A RS S B AAER RE 0 Y LA
[(M(P,, P, 4]

Table 3. Comparison of ability of the collateral
compensative capacity between anterior circulation and
posterior circulation [M (P,;, P,;), grade]

45 % ASITN/SIR 3%%  x*H  P{H
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R HL(3) 5 6(5,7)
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IR 2l ok A o, X 54.244  0.000
R RAREE (1) 23 4(3,4)
JETEFRARLE(2) 14 4(3,4)
FERHL(3) 45 6(5,6)
BRAEE(4) 2 0(0,0)

ASITN, American Society of Interventional and Therapeutic
Neuroradiology , 3 A A FVEIT 0 2 2R 2 45 SIR, Society
of Interventional Radiology, 3¢ [El /i A 2% 2% 2%
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Table 4. Pairwise comparison of ability of the collateral
compensative capacity between anterior circulation and
posterior circulation
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(1):(2) 1.912 0.056 1.165 0.244
(1):(3) 6.754 0.000 6.180 0.000
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(3):(4) 1.991 0.047 2.478 0.013
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