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Abstract

Objective: To explore the relationship between the number of primary collateral circulation and
cerebral blood flow (flow, CBF) after carotid endarterectomy (carotid endarterectomy, CEA) by
using arterial blood proton spin labeling technique (Proton spin labeled Perfusion Imaging of Ce-
rebral Arterial Blood, ASL). And to explore the correlation between the number of primary colla-
teral circulation and the occurrence of hyperperfusion state. Methods: Through the case data of
the patients, the improvement rate of 1.5 s CBF before and after operation, the number of primary
collateral arteries in the brain and the clinical manifestations of the patients before and after op-
eration were obtained. Statistical analysis was used to analyze the correlation between the num-
ber of primary collateral arteries and the improvement rate of postoperative CBF and the occur-
rence of postoperative hyperperfusion. Results: Carotid artery stenosis was improved in 28 pa-
tients. The CBF improvement rate of 1.5 s in the operative side of the patients was statistically sig-
nificant (P < 0.05), but there was no significant difference in the contralateral side (P > 0.05).
There was a positive correlation between the number of primary collateral circulation and the
improvement rate of 1.5 s CBF (r = 0.593, P < 0.05), and between the number of primary collateral
circulation and the occurrence of hyperperfusion (r = 0.653, P <0.05). Conclusion: The more the
number of primary collateral arteries in patients, the more obvious the improvement of post-
operative CBF and the higher the incidence of overperfusion.
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R

B i FH30EKILRE T B e it B8 B AR (Proton spin labeled Perfusion Imaging of Cerebral Arterial
Blood, ASL)Ei R, #RFE—ZM S EHE H 5F50 ik N LRI iR (carotid endarterectomy, CEA)AR 5 fi% il
Vi E (cerebral blood flow, CBF)f1id RS R AR MM . Hik: BEBEHRIER, RER
EARH RE15 sHICBFRIHER, BEMN—RNEASKOEH, BERWAFERER. FIH
Gt 2T B — RN kS B 5RJ5 CBFE EAA BT EEEREHRENMERME. &7:
2851 BEFF R BB R E. BERM. BN 1.5 sHCBFEERLE LiH%E X (P <0.05), HARM
BEEHBRXTRM(P < 0.05). RU—FMSAEHFEHE 51.5 s CBFEERRREEEMK(r= 0.593, P
<0.05); —ZMEHHE 5 EREREHREZ RIRIEZIEMR, (r=0.653,P<0.05). 4ik: &
H—FMERN K B L, R/SCBFREMBAR, RAEDEERE/LFBX.
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1. 5|18

FN BB B T — P MR, i BRI B K AR R AL BRI TR e BEER I AR G DL R B
P AR A 500 BN SE R (1], SRR I [ 2], A TR(3], InEBR AR REm Y ki, K R
Fii IfL 78 5 A A2 (cerebral blood flow, CBF), K4 5| kg KE 2T 14 o it i A A BXOIG 26 A (4] T — %8 B8 35 R AE KR
WIS A A L HEAR eI TR WA L FR N SO BN AE . IX e SO I TR ES, T
S IR A2 o B3N ik 3B DTER AR (carotid endarterectomy, CEA) R Z2 SMBHI R 1677 35 kA4
M FEZEFRTTA[5]. Bk N IR ARLEDI SR REPLR [, 38 v DA I e, R sh v 25 b
AR . ER S BRI N IS B ) 2 e SR SRR, RS TR A DR ES, BB ISR AL
(cerebral hyperperfusion syndrome, CHS) [6]-

AR 775 B K7 IR R B 28 B35 A sh kB s o I IR R I, SE8 2. FARETERL ATt A
FETRA—HMAIER DK H 5 CEA RJ5 CBF o35 2 1A S LA I — M SCAE IR BN ik 5 A S5 i e e
TR A B R R

2. FARFFE
2.1. FARFR
KM B E R ML AME N 2017 4E 5 H % 2019 4F 8 HIAI¥IAT MRI P4, sk CTA, PLD (bxid
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JE ZEIR I [A]) = 1.5 s 3D ASL #6525 [1) 28 i, £E#% 65.89 + 7.37 %, 4 #l ARl AR FH BT = DTAK, 5] 23k 5] 50%
.

IINFRE: © IMARRILNIA SIS R @ SEBHIE+L CTA, fiiii MR ~F49H1 1.5 s ASL
8 @ M MR fem g X ROI MFESE & @ AUEIREIME SHEMLE RN E: © &
HR R IE R =,

HEBRbrdE: © BA KB OIER . FHE. QR OUERTEREESE: @ A FF RN E R R I
Moyamoya Ji 55 i L8 5 8 s, A& IR ML O MRE o A gy . MR RE . TR IRe AR O FF
Bk DR 8 A ) i RS R E ) R s @ RO Bl B FFSRPO, JRE 7 EE B IR 3 I 2R G s
® &S .

MR T B K2 I I e e SO LAL B AR B 25 01 S ik

2.2. BIERE

KH GE SignaHDxt 3.0T i85 % MRI $## 1%, 8 118 S 2k el , B EMETFI&E A AL 2 o R FH 1 1% 425X Spiral
KRB Pk B e[ (FSE)E 5B : R=4521 ms, TE=9.8ms, FOV=24.0cm, % 62.5 Hz,
NEX =3.0, 73¥##% 512 x 8, 2430, 2/ 4.0 mm, PLD Hf[a]43J4 1525 ms, H#.4> PLD ASL $14H7 [a]
4 min 22 sec.

Tor B I TR] AT AR AE S N B IIK A TR AR AR AT MR EH =R, ASL K& T CTAREZfG. # 1.5 s
ASL JRIAHE FAE =525 ARSI (S R 48 (Picture Archiving and Communication Systems, PACS), K
AWsever 2.0 ReadyView [ BT EE 1) ASL BMEHAT I, MM MHE AR 2 WIR A 1.5 s ASL
PR B 1) )2 T 22 1 XS4 i VB v 2 7 S D ) RO 2 J2 R % X 9 22 1l 2 R0 % {5 4 (X 38 ) CBF
KIBCFME: 115 CBF B3 % =(KJ5 CBF—AHi CBF)/ R CBF.

— N SAEFRSN BRI 2« FEMBIK CTA FIE 2 VR 44 Eit8e— 2 Scmer i B 72000 211 K14
b, ERTASE S KEE A @S KA RS L A, A B RARFIWONAEAE: AR b O A B A 4
BAR, EFEIR R BRI SO B, FEREUONAAAE ;s 25 IS A RS REHIWE LA, EIEA
S, GEihpr AU .

2.3. RSB AR

1) MR EREVE: BL CBF B3 3R>100%0 M MRt BT . 2) M EREL&1E: CBF 3%
£>100%, HFEIRFETFHIGREI 2 —F, BOMRLAE. MEINEE. WURRME . RORBEAS AP
FEMAAG FHERRAR R AR G 224 7],
24. ZiHESE

SKF SPSS 19.0 Ziit 5 B ARM 1.5 s 0 1.5 s #EATGHF 00, RH ¢ %77, P<0.051A
NEFA G2 L KRG CBF 2035 F 5 — N SZ A5 3 (1 550 A S HE A 36K H Kendall F1 Spearman #H
KM, P<0.05 NERA 2R, 45— E KM,

3. 58
3.1. RISEM 1.5 s CBF MEXRMHEX T-HRIEER

TEMFIARM 1.5 s CBF MG 2555 IER (P > 0.05), ATHIFEAR T-R5, 45 RALR 700 G il
1.5 s CBF S 3P 5 S IEAMH L 2 7 B Gt 28 (P < 0.05), ARl 1.5 s CBF 3 % F-31{H
5B I E AR B ZE 5 B Gt 28 (P < 0.05), FEILE 1.
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Table 1. Independent sample T-test of postoperative 1.5 s CBF improvement rate

% 1. RIF 1.5s CBF WERMIIHA T-H1E

95% B {75 X [H]

1.5 s AR t P
TBR R
fe 3.60 0.001 7.28% 26.64%
AR 5.18 0.000 53.71% 124.22%

3.2. RIGEM 1.5 s CBF SEXER WA T-RIEER

ARIMAJG 1.5 s CBF MU F T XME SR FA@m, SHTRAEEAR T, ERERERHSIFE
X (P<0.05), VEWZE 2,

Table 2. Statistical results of postoperative 1.5 s CBF improvement rate

2. RIE 1.5s CBF MERZITLER

95% B {5 X [H]
TR BR
SR 2 16.96% + 24.97% 88.96% + 90.91% —4.11 0.00 —108.75% —-36.27

1.5 s CBF i3t Al A t P

3.3. —RMZEABEARME BN EEFIRSERERXR

G R R B A L E RS R A . REARM KA EH#EERE 9 #l, AN RE
32.14%. Hrif 1 32— SCAEFR BT SR 5 % A B EVE A EL A (5 0.88%, A 2 S —ZR kL BRI AR
ML R R AR 50%, AT TN RAFAE 3 S — M SCAFIRIE, A Ja RN REE R AR N 100%. E
PRI 1,

33— HMBAER 0%

25 FMBAEH

13X —RMEBAEIF 5

0.00%  20.00% 40.00% 60.00% 80.00% 100.00% 120.00%
mEEE b W R LB

Figure 1. The ratio between the number of primary collateral circulation and the incidence of hyperperfusion on the opera-
tive side

B 1. — R BB SARMIE BT LR E R E

3.4. —HMZEFBEESWM 1.5 s CBF EXRIHEXME S

PA—Z N IEHE H A B A &, 20 1.5 s CBF MG NR &, AMEESTHFE (P> 0.05). Li—
M SCAGIAEH N H AR, 1.5 s CBF B3 MR &, i8] spearman AH I /34145 HH — L SCAG A4 H
LRI 1.5 s CBF 503 Z % EA 5 (r = 0.593, P < 0.05) (W% 3).
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Table 3. Spearman correlation analysis between the number of primary collateral arteries and the improvement rate of 1.5 s CBF

= 3. — RN BIAEHEKEE SARM 1.5 s CBF 203 ZAY spearman F XS HrEE R

spearman A< R EL P
TR SCAEE H 0.593 <0.05

3.5. —RMI B ESEEETRSLERXE

PL—Z N SZAEIA B B A &, 215 R AR FEREDIRAS MR AR &, 18 F Kendall #0520 #1 45 H — 2%
M2 E B 5 i B RS R A R AEA 5E(r = 0.653, P < 0.05) (L35 4).

Table 4. Results of Kendall correlation analysis between the number of primary collateral arteries and the occurrence of hyper-

perfusion
= 4. —FMZEFEKEESRE L E T EETIRESM Kendall #HX M2 4R
Kendall #H5¢ R4} P
— R SAEH K H 0.653 <0.05

4. &HI

BEBM, 592, SIRRMEMED fshsh, HIRA 3 K, EMSHNSIERRAS, 1770035 P 3l ik A IR
A RJG, HEARM 1.5 K CBF BRI T 227.08%, ZHEA 3 % —HMSCIEHR, JFokFHELM5T
AR I A IAEAN T BT, MU EE: T % - 1% 8 8 RS Uk _ETHEE 174/100 mmHg, A B 5 Sk R,
JiF 5 5 3R JE R H TSR PR IS AL T, I R 3 £E 130/80 mmHg, 3 RJGAERZEHIHE LGENE 2, £ 5).

Figure 2. Imaging data. (A) Shows the stenosis of the internal carotid artery in the CTA, circle before operation, (B) shows
the patency of the blood vessels in the original stenosis site after CEA, (C) shows the preoperative 1.5 s ASL, in the circle
shows the preoperative bilateral ROI area cerebral blood flow perfusion, (D) shows the postoperative 1.5 s ASL, the circle
shows the bilateral ROI cerebral blood flow perfusion image, (E) shows the magnetic resonance image, in the bilateral target
ROI area, there is no cerebral infarction and the infarction interference is excluded. (F) shows the CTA imaging of the cere-
bral artery. The double arrow refers to the bilateral posterior communicating artery, the box is the anterior communicating
artery, and there are three first-order collateral circulations

E 2. BFEM. (A) AKRET CTA, BHFRATAEIKIRERM; (B) AARGEHET CTA, EEFFRTHA CEARE
[RBREERAL M E R S BHAIE DL ; (C) AR 1.5 s ASL, Bl AR ROI XX M7 TS ; (D) AR 1.55 ASL,
EE F AARERM ROI XM EES; (E) ARG, ERMBR ROI X, TER, HFREEZEFH; B
ABENBK CTA B, WEFKETig AMMIERZERNEK, HFERBIZENK, 3 F—RUKER
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Table 5. Perfusion volume and CBF improvement rate of patients (ml/100 g/min)

5. BEETER CBF &% (ml/100 g/min)

1.5 s CBF
e AR
RHT 57.33 16.62
ARG 42 54.36
CBF di % —26.74% 227.08%

5. i+1ig

BEE LT St RE, WMAPHEBNARH T EEFER L —. HEBUkRg BE IR EMLS
TR R T BRI G dE . 350 P4 Sl kA Ak ke A5 2 S I 2 o A6 3 () S At [ 810 BE S Sk RERE AL N, 3
PN S TKBE B A T A I TE VR R NS, e OB Y, BE TR I A A R R A, SRR
FARLIEIRRIN[9], AR ERIAF ORI, i K AR X, A b 88, MG HEE X gt —
R BRI BEIX [10] . B N IS B A5 R A2 S, 75 L3R 30 0 55 DR 25 B4 1 0 SR BRI 2 s 32 37 BT
DA DA EVE o LI Gk BB YR YT TG = AR B[ 1] H RTIE PRYA T 30 P9 Bl ik 22 (¥ 7 v 3
B ik P S 5 AR (CEA) RN 251 50 ik 57 28 BT AR (carotid artery stent, CAS) [12] [13]. #Hzh K P BB B A AE V) B3
BN K FEBE S A R, 3k m] DL B A e B 5 B0 R TR, BRI B R R I AR R A 2R

TEAHF T ) 28 BIRF TR G, FAT4HER A CEA VRIT# A Sk A, FARIFF, £FARF CTA £
RSB, EARETIAE SRR KA. (EESNT 1975 45, Leviton [14]F1 Sundt [15]55 8t C 44k
TE BNk N IE VI BRAR G 2 R AL B EVEZR-5 A, R AEFRAE 0.20%~18.90% [16]. Wi B2 #EVE LR &k Im
PREH WLIPRE R O B S, BOHSC, Xk, 0 R R, B . EIHRERS . SMESE[17]. Meyers 1A
G LI 1 201 1 A8 7 BEAG R Re o o BT £R A AR AR LI 18], Waltz 7EBH) LAY v .15 HAH 2 )
S510[19], HJEHAERBNIKIGIE N HAL M X i 5e 4 i, s s s S AL T 5ORAS, B ST Re
2. HARSE EE AR TIRIG N, i ML VA IR W WA, 32, RO L, A CEAVRYT
J& B SE R (1) ACREZ—[20]

ASL HiR AR BRI G bR ic R m . BIREMREL R . BB g, Wi Eiid. EH
HMELE R % S 2 A [21], XSSk A 8 H R AT RS, AR HOSR IR R R
e, LERTARICHT 5 SRR BRI S B S E VR AR [22] (23], WAL ARAL B 1K) CBF A3 ki it
IFIAJ[24] o 7 25 [A) RIS 1) 20 9 R4 T HA R [25] o RIS 78 T 5% 1 AR 22 S0 &5 [26] [27] [28]#F %~ ASL
X5 G P A S 0 A A3 1L s A5 5 T W o B0 S

FIF ASL BARAS B #E AR AT M A JG UM 1.5 s 1Y) CBF EM%, 4 BIVEAR G AT AM 1.5 s ) CBF X
HARMMAL T S, KIWM 1.5 s CBF EE R A Gt 2 (P < 0.05). RIS 40 3504 30 ik A i
FIBLA G, MR AT A ks, R BITFRTUN, FHAE T 8 R i A 5 Box A SE R R . Gt
TEARJEAEMIFIAM 1.5 s CBF B3 Z LR A T-H 56, RMIASS 1.5 s CBF B35 28131 B S K T-{
HZERB G %5 (P <0.05), ETEEARM 1.5s CBF th% R B 5 TEMAJS 1.5 s CBF SR, ]
ARJ5 CBF w3, FEfK. MRS CBF Fhsth T EE M EHR S B Z, A S04 7 e 2ot
e, AEVEVE R PR S R, AT A CBF 8 m; (#IIRJS CBF BRI, 25 AT AN i fit 2 Hok
VAR ACES, AR AN, MG F AR SACEEARM, # CBF SmbEfk. X s g
IME CEA A5 B A 2R .

WS AGF BN K ELAE — M G BNK . G SCAE IR B KN =M SCAEFR AR . — RS AEABh ik
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BFEAT A BB KA G2 @BN ks M S AEIA VAL BAE B S . ARSIk BLshlik. SiAsnk29]; =
TN S BNk B35 A i B 40 ML Y o ASHIE 78 b G ik B sl ik CT VB &2 (CTA) & A — R MG
HIKEH . WIBEH TN 1%, 25, 3%, 3 MR, JFSRIHFAES NN CBF Bag . Kl
] 1.5 s CBF i35 %5 — M IEHARE H Lt e X, MR G AN 1.5 s CBF BG3% 3 A FEREE K
R . & spearman A HT IR, AR 1.5 s 1Y) CBF BGER S — MG S H 2 (8 R IEAF(EIE
FRKR(P <0.05), EH—RMAGHEIKEH L, RFHETEBZ . (A58 H I B #EE30],
A X B8 SR SR D . RS AT SR R SR SRR IR KRR I . R Kendall 73 A — M SCAE A4
H S5 AR I BRSO, RIL#H Z [ 2 IEA (P < 0.05). Z5EPE AW 7R 7ETb
R R AR T, BE BT B S — RS EIA S RS H A G

—ZMSAEHEE 2, BE ARG CBF 35 28t 2 A0 N3 1wy, [R5 38 A FEE Ve ML 38 ok o
ARG — AN IR E B W] LAk B TBls o BEEE IR AR, gD R R Y . X EIARE A AT T R
FEVELRBAE AT R AE N T, WPRE AL B A4 I A BRI (3 1]

ARFHAIE AR R Z4b: 1) BRHrE BE LN IE CTA AN SIS A K — e S ARG R 3 ik
HHEEDL, EIR CTA BRIR FBAN BN R L, AR TP S IR PR Sl ik B IR RS bnite, Tovk &
PG T BHZ ARG CBF SRR 2) AU FANTIREIEH 8D, Teikas o tr— 9 =C
TEFR B KX CEA ARJG CBF BRI, BT RV THR LY SOmeIEH, &, 3) ATF3)
) AR — 8 [ A, & — e 2 o
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