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stenosis; however, intraoperative carotid clamping and postoperative reperfusion may lead to
neurological complications such as cerebral infarction and cerebral hyperperfusion syndrome (CHS). An
effective and standardized strategy for real-time, dynamic assessment of cerebral perfusion and
individualized perioperative management is still lacking. This study aimed to evaluate the clinical value
of transcranial Doppler (TCD) monitoring in improving perioperative safety and long-term outcomes in
patients undergoing CEA.

Methods: Patients who underwent CEA at the Department of Vascular Surgery, the Second Xiangya
Hospital of Central South University between February 2022 and December 2024 were retrospectively
analyzed. According to the use of perioperative TCD monitoring, patients were divided into the TCD
group and the non-TCD group. Baseline characteristics, perioperative management, complication rates,
and long-term follow-up outcomes were compared between the two groups. Cerebral hemodynamic
changes monitored by TCD were also analyzed.

Results: A total of 53 patients were included, with 25 in the TCD group and 28 in the non-TCD group.
No significant differences were observed between the two groups in terms of age, sex, or major risk
factors (all P>0.05). Operative time, length of hospital stay, and intraoperative shunt use were
comparable between the two groups (all P>0.05). Within 30 days postoperatively, no transient ischemic
attacks (TIA) or CHS occurred in the TCD group, whereas 2 cases of TIA and 3 cases of CHS were
observed in the non-TCD group. During follow-up, no adverse events occurred in the TCD group, while
2 adverse events were recorded in the non-TCD group. Kaplan-Meier analysis demonstrated that the
3.5-year event-free survival rate was significantly higher in the TCD group than in the non-TCD group
(P=0.047).

Conclusion: The use of TCD monitoring during CEA is significantly associated with improved long-
term event-free survival. By enabling real-time assessment of cerebral hemodynamics, TCD facilitates
identification of patients at high risk for cerebral hypoperfusion and hyperperfusion and guides refined
perioperative management, thereby providing substantial clinical value.
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Figure 1 Intraoperative images of CEA

the CCA, ICA, and ECA; B: Restoration of blood

flow after plaque removal and vascular closure; C:

A: L5 CCA. ICA KX

A: Exposure of

Excised atherosclerotic plaque specimen
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52 CEA F AR, Hr 261KV, m&3R45 53 4] 8

STAREGERL, HohTCD 4125 ], HE TCD 41 28 f4i .
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JR IR YR, B A O e R BCRT 2 A (WL
490) . WAL 30 d NI RGE KA R EFH TR
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Table1 Comparison of baseline clinical characteristics
between the two groups

TCD 4 JETCD 4L

i (n=25) (n=28) s r
R[S MUIQR)]  66(62~68) 67(65~68)  290.5 0.288
PEHR(%)]

5 20(80.0) 22(78.6)

/8 5(20.0) 6(21.4) 0016 0898
W2 2 [ (% )] 16(64.0) 18(64.3) 0.000  0.983
BIFAENR(%)]

o I 18(72.0) 22(78.6) 0.308  0.579

WEBRIA 8(32.0) 8(28.6) 0.074  0.786

SRR 6(24.0) 9(32.1) 0432 0511

Nl 15(60.0) 19(67.9) 0355  0.552

g 7(28.0) 9(32.1) 0.108  0.743

SN K EEAL 15(60.0) 18(64.3) 0.103  0.748
20 (%)]

SR A 18(72.0) 20(71.4) 0.002  0.963

TehEtR AL 7(28.0) 8(28.6) 0.002  0.963
AR B (%)

Zef 11(44.0) 12(42.9) 0.007  0.933

Fifm) 14(56.0) 16(57.1) 0.007  0.933

®2 RABREREFAHERKIAAFALE

Table 2 Perioperative outcomes and 30-d complications in the two groups

AR TCD 4 (n=25) AETCD 4 (n=28) % P
FARMS ] [min, M(IQR)] 135(126~144) 129(126~135) 415.0 0.249
FEBER A, M(IQR)] 12(12~14) 12(12~15) 292.0 0.297
R (%)) 1(4.0) 1(3.6) 0.007 0.935
TIA [n(%)] 0(0.0) 2(7.1) 1.856 0.173
SEMHT & ik n (%)) 1(4.0) 0(0.0) 1.142 0.285
CHS [2(%)] 0(0.0) 3(10.7) 2.839 0.092

2.3 TCDAHBEARFPLENIEFR
TCD £ % 5 ik BH W7 /i 7 33 3h ik JE F0 g )

MCA ~F ¥ 1l %t 2 B 70 % (99+£10) mmHg
(1 mmHg=0.133 kPa) #l (43+8.5) cem/s, FisghkFH
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Figure 2 Changes in mean arterial pressure and mean blood flow velocity of the affected middle cerebral artery at different

time points
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Figure 3 Intraoperative TCD monitoring

A: Mean flow velocity of the right MCA after anesthesia; B: Flow velocity after

carotid clamping; C: Flow velocity during shunt placement; D: Immediately after clamp release; E: Five minutes after

reperfusion
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Imaging findings and intraoperative MCA hemodynamic changes
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A: Preoperative imaging showing severe right

ICA stenosis; B: Postoperative imaging confirming a patent carotid lumen; C: Changes in MCA flow velocity before and

after carotid clamping; D: Improvement in MCA flow velocity after systemic blood pressure elevation
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1004 TR
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40
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207 i dETCD4l
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FitiiesF [R] (4F)
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E5 TCD 4 53E TCD 4 3.5 £ % F A R E 4 # Kaplan-

Meier Hf £&
Figure 5 Kaplan-Meier curves for freedom from adverse
events at 3.5 years in the TCD and non-TCD

groups
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KA IR, TSNy 216 T 88l Dk 28 Y 32
FEM, AHHATS AT BE B TR B Rk A AR L
L S A 2 45005 45 0 R AE P

UTAEK, CEA TR 2 i FH LAR I 4 AR ok
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I, 3E e Sk K H AR I SR ORI R 2 L T Bl R AU
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e 51 ot 4 00 T e S R R R 4 A G il
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CCA J ECA BHLWJ5 45 /9 ICA i g, KT, Sl
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WESEAESE, B2l L T SP I S (R E A7 0 5 P e U Y
BEARFAD AR S, HIFAR W ESGE TIA K
fE o R T R A h R R A R R AR T
I, TCD MR H 4G aE % 2 . St . JE R A
Hby S0 MCA I 38 B8 5 07 1) A2 AL, SO R E 1
T 00 BB MES, 78 W DU 28 XRS5 T B A
RO (e s BETE ATV AL S0 3 Ik S P83 CAnai
Ji A2 T8 By Bk B4 T 3E R B0 ) K MCA I 3 58 2 2 2%
B

U Ah, TCD 7E A iR BIRHE 1  fe N BF, JF
H A S e il A 5 T B AT A IR PR B . CEA
TR v T R RR A 25T B KR AT BEL T, O R P 2H 2
I AL 52 4 4 T 0 S 0 20 DA K Willis BR AR A1 1
A — 8 B A R A MRS I 4 B B
ik Fs LA B a8 wsf filt 3 4 BB A6 A A% 003 N A
Mo AH 2 % 48 2 84 TR ), Jf HoA F
I A BB B I v S BO i 1 A b g & 4. TCD A)
FH T 7 U8 ik S W = 1 000 8 ) MCA 1 it 28 B 7Y T
[ T AT i 211 e = I i 1 O 1 i
(cerebral blood flow, CBF) 0475 k% Y) #H 5 B2
WO e A A A e T S B2 B
fd FH TCD /E 48 S5 i i B R A e —, — R
TCD Ifil 37 34 B T [ i 2 i i 30% =% 50% KA b, 5
BRG] EEG . SP A5 AE Jy ) W & A5 5% U Y
WRAE BT e At /Y B 1 7E 10.69%~30% 2 T8,
1B d5 A BB 4TS 5 2F — 2B R 51 L 2023 4F
ESVS (3l ok % F¢ 5 4k % 350 30 ik 5 HE B0 ok 95 9 A B
I R 52 e 6w ) T 28 BB A R RS e T L
AT CEA J& %2 2 A R, 12 A5 4 1 5% i 7 | T
ARBEAMRE A B A W EE e (HEESEH a, JE
PR C) o TEARNI T, RrpHigh kWS, A
4 151 J 2 19 MCA IfiL 3t 3 B 95 B 2k T B 3 50% o B
H L 5 2230 3l bk R FF IR 1 Rl e A A
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FF R BE P TR 43 R 8% . 119% F1 18% , BH Yk T
WA U 43 5] R 97% . 98% F199% , HF 7% 4% S F W
1€ CEA AR J5 24 hffi I TCD I % MCA IfiL 375 ¥ B, &
Foc YA 1Y) TR 31 T G Aok B2 O XU SR A . ik
IS CHS fie o ™ H Y JF R0 . O A DFSEIE 52,
CEA R J5 g 1 1) 5 & B Bt o AR 5 28 3~5 R,
T LLAE R 5 18 5 48 B AT AT 4 48 TCD S i 4 1 sy
PRORR B MR, MR Bk 2 . L & b & E
REF, AT K B HE AT TCD A 2 597 CHS = fE i
T HEAT B 0 R R w25 iRy

H B kA 78 S8 22 A4 A W LA R T ) g B A
TR _E CEA AR rf 75 SRR S . I B BELDST 45, i e A
2 Bl Bh BRI T R e B0 03, 0RE S A AU T i
FEXF ARG EEEEH . AR T, TCD 4
JBR B I ~F- 32 80 ik DA JE 4R 99 mmHg [ % 93 mmHg,
P BE MCA 1L it 38 B2 T R, B 148 % 0 A1
HAeB @l sh AWM, g dE T G &
R g o A AR 5 B B 3h ik F BT S, TCD 4d
W CHS & & 8% 4 ), b 3 4 T I ik B W 5
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MCA ~F- 357 IfiL 378 3 J85 4 S 2% b TR B2 >100% , 3 3 B
1% 4 5 2 ik R T 32 90ORE T B I8 22 i, 3k SR 1 CHS
R 1BEERFWE N k2 K\, TCDK:
A 3R MCA V- 35 1l 3 2 B 45 5L 4k 1 T B >100%
TR IR T 5 AR 2 A, L iR AR R A R DL
am k% . AR BoR, JE TCD 4 CHS kA %k
10.7% (3/28) , i TCD 414 0 (P=0.092) , i 3¢
TCD 3 i 52 A Wi I MCA L 370 33 B A8 1k, nl A7 2 2%
B CHS & /& B, IF 38 i M i [ e ol 45 B ik B
Wr Bl BJj CHS & 4=, 3o /3 R 3L T TCD BE 18 4 41t 52 i)
My fE B, 76 AR T8 Sl R 4 )8 45 Jy A &
BAVEH .

AL, TCD & A] 52 W MES, BE1E #5952
UESE, MES J& CEA AR J5 #2485 48 I K& AE KO8T & ki
A5 09 1 16 PR 12 Ackerstaff 2518175 — I 3 35 XL rh
Ly A1 058 fil45:3% CEA B H B oE h LB, JBFH
3B AR B A, 8 0 e A s i AR
SrMTa R o, TR S sh bk o B K A B B
LAY ke 2 5 TR 0 A o KU i 3 AR OG o BT LA
AR AE = G A B B w] R TCD % U)W I MES,
It K wt A F AR mE , LA A ok 795,
AR F AR AT R ER, EARR T,
TCD Wi £ 1 41 MES, & /EF AR e m, R
H.omEmE . RN EES, R TR, R
HARJG AR BB A& R G S BURE, R TRk A
P a5 R, TCD X MES B9 52 1 W5 90 45 Bh T
TR RS, RAEARA KA REK (40%), H
s T AR A AR g T T B TR FEAE

TEARWF s, ETCD AR F AWM FEARH
fFLLCHS FITIA Sh &, HRA 5514 10.7% (3/28)
F17.1% (2/28), 1 TCD 40 ¥ K0, #2/R TCD ¥
ATt 2 oA AT L R 0 O R e XU o RS T A )
ZRRKIRG I FE X (P=0.092 fl P=0.173), {HiX
ATREA I FREA BB /N FEW G TR, K
K CEA A 5 Ff S0 K A2 R IR K . SR T ik
SRV EA IR E XL, I H TCD 41 B & 1
B 17 49 ) 2 B o SR AR A W JE A R AR AR R
X gk B R AR Rl R TCD 52 B AN i 3 sl ) 2%
WE D ASAAE Bl AR & HE R4 T, T8 Wl fig i
— ZR GBI R KA 0 2 R RN . R AR L
il AT B 4G« (1) TCD WE I AT 7E A v 8l 25 F Ak K ik
I it 2 RE AR AL, R OIS RS, R e
fi T ) DT R S SR L L LA R B 4 v A B Bl
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Jik e DA TG 9 /0 i R L 458 4 04 & A= 5 (2) TCD W B
S B A U MES {5 5, R 3 M iR R AR, B
PSR A W D R R R FE SR R A, TR R R S
it G A v RURS: 5 (3) TCD A8 A T BH B I LA &
A5 AT U B AL R TR A, A5G B IR
SR, A BT AU IE SR CHS i kA, X S
NBE R BEAT T, RS CHS 5l 4k R vEHif . b
W ZEILFE R, f#5 TCD M K 15 3 4 19 1 R
i -

ABEFE TCD 4L A7 1 1) 585 AR e Hh BB & ik A5
FE, AH R th TCD Wi A % B BH 1% o 1 LR 2
MES . %45 54278 A 8 58 4 MO TCD W I F- B i 47
RS I . — 7 i, TCD Wi A BB v AT RE s 5
— 5 T BEH VR, R e Pk a4 B B AT i A W 2
SN ] o A TCD 7E CEA H #8137 F [) B 77 7 —
FE AR R BR . (1) X AR B BRI Mg, W
BLMEHH 7 MCA 7 & 5 (2) 24 MCA IfiL I 3 JE % T
15 em/s B, DLAR 1545 B A9 EE 5 (3) 10%~15%
1) FE 3 TR Dk 301 7 R DO A 2 S O R M, X
i 7 7E AR O e N RE N % R AR BLAT TCD R 2
B A XU MCA 5 5 3 07 5 PF Al MCA 2 2 1l i 2
B, HEBR U AR R DLk e AR IR A R
M AF 5 200 G R 52 e b 75 45 VR & i 2= )
it & A AR B0, LU T TCD Wi I A4 Bl 2 % 5 ]
SEVE . FEL TR, TCD £ 5% % A XK
AEfr FNBRAE AN . O S H — IR PEFEM, 8
FAE I R A 2 TeD W R R A B ) el d
AR ) LT 4 WSO RSE T R kb Al Sl R B
WENERAE, HBREWE.

AW 58 1 Jmy PR = AL HE DL LA e A
WF 5% hy ey | [l R T 5%, RE R R A A RR
(B <300]), ATHeSBAEITAEA R ; Hiksr A
M B e B B 49 T D D00 2R A7, (EL [l B i T AR B
Sy 5l Nk P A, T RE S i 7 21 3L 4R AT BG4
RHEWT 5 TCD e I A B 471 10%~15% W3 1 2%
W, AR S R R Ik e ), R R I A 4
RIGBRE . AT IFRZ e o A PE R HL G B
G, W RFEAEIF M EGIR AL, DL —
A 56 31E TCD W7 CEA WP A9 K 3R 25 .

g LTk, CEA BkZ: 4, CEA AR TCD
WE I 5 BB oA 0 3 TG R R R A A R 3 A
K, B8 TCD 1E R i fi i85 Aids & L R 0 A
Py T H A B R A .
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