Advances in Clinical Medicine IG/REEZ34 &, 2023, 13(12), 19643-19654 Hans X3
Published Online December 2023 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2023.13122766

REBRE RIS SR EER AT CEATT
ey b

PR, FHFT, BRH

“HRRFEEE, LR FE
PHRREWEERAZEML LR B

Weks H . 20234F11 4250 #HER: 20234F12 190 A A H: 20234F12 H26H

=

HE: BWERIT ISR R AR FAR Y, i2 & A SR AT E R B T ks R
e JH¥E: WHE2021F1 8 £2023F1 AR PHE BAE KNS R GER T 17330 ik A ERI A
(carotid endarterectomy, CEA)YAJT Fr190%1103MIZNah KA KIERFERE, A 13F_RXUMIBRAE, &fE
BRWRFRET, XRASLMERNBETERNCEA, AR RS B AR AR M ISR 44 8 56 35 & AL
(somato sensory evoked potential, SEP)F15{{£iz 35 & HLAL (motion evoked potential, MEP) % i
A, f¥FMBWE S, (indocyanine green, ICG)MLE L AFLOW 8001 E BSR4 HTHAR, TRAEMR
KRV LB R IR . G5 APHEBEARIBIRLKEREM, FFEKiERFI,
MEPRHE R MTatr6H]. SEPHERMIEIR74H], MEPFISEPFER HBL R HEN BRG], REHEThEY
Rif, TEEHEINRERRG. ICGEHHERANTIEAE LREYE, RE51. 6NMEEL, HT#E
HMETIRERRS. IBIREERE, WARERETER. Fik: KPS aLBmRNBETOLEY TH
BN RERIBARTE T ISR RE AL e B R — PP S . B RRZTVE, FUONARE KN RIRHEIIRE
B8, HIHMEREMBRMARETRRS, APRHICGTGELX AR F HFABEIRAE ., BATERER .

P sk B BEVE A EEAEH, REFARKIBRIIE, BEREHRRAERRER, FRBEBRENTE.

XK
TR, FEIRKABRIBAR, s AR, RSy, WaTh

CEA Efficacy Evaluation of
Neuroelectrophysiological Monitoring
Combined with Fluorescence Angiography

Yunhao Hu}, Shifang Li?*, Fengjiao Tang?

SEAERE

SCEG| M BIEE, SRS, RS M4 R RN A SO A IE R T CEA JTROTARD]. IRIREE 22, 2023,
13(12): 19643-19654. DOI: 10.12677/acm.2023.13122766


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2023.13122766
https://doi.org/10.12677/acm.2023.13122766
https://www.hanspub.org/

A

s

farey
=¥

1Qingdao University Medical Science Center, Qingdao Shandong
’Department of Neurosurgery, Affiliated Hospital of Qingdao University, Qingdao Shandong

Received: Nov. 25", 2023; accepted: Dec. 19", 2023; published: Dec. 26", 2023

Abstract

Aim: To investigate the clinical effect of real-time neurophysiological monitoring and fluoresce-
in angiography in the treatment of carotid atherosclerotic stenosis. Method: Clinical data of 103
carotid artery strictures in 90 cases with intraoperative neurophysiological monitoring com-
bined with carotid endarterectomy under fluorescence angiography were collected from Janu-
ary 2021 to January 2023. Among them, 13 cases were bilateral strictures, which were treated
with classic or inverted CEA. During the operation, the changes of somatosensory evoked poten-
tial and somatomotor evoked potential amplitude were monitored by neuroelectrophysiological
techniques. Indocyanine green angiography and FLOW 800 computer integrated software anal-
ysis techniques were used to evaluate vascular fluorescence imaging before and after carotid
plaque resection. Results: Intraoperative neuroelectrophysiological monitoring showed no ab-
normal amplitude in 94 cases, abnormal monitoring indicators in 9 cases, abnormal MEP detec-
tion indicators in 6 cases, abnormal SEP detection indicators in 7 cases, and abnormal MEP and
SEP detection indicators in 4 cases. All the postoperative neurological functions were good, and
no cases of residual neurological dysfunction were found. ICG angiography showed unob-
structed carotid blood flow after operation, and no residual neurological dysfunction was found
at 1 and 6 months after surgery. Restenosis occurred in 9 cases, all of which were mild and
asymptomatic. Conclusion: Intraoperative nerve electrophysiological monitoring combined with
carotid endarterectomy under fluorescence angiography is a practical, efficient and secure me-
thod for the treatment of carotid atherosclerotic stenosis, which can provide timely feedback of
nerve function information and evaluate the cerebral blood supply and tissue perfusion status.
Intraoperative ICG fluorography plays an important role in determining the location of plaques,
avoiding plaque residual, preventing cerebral ischemia or overperfusion, improving the success
rate of surgery, reducing the incidence of postoperative complications, and effectively improv-
ing the prognosis of patients.
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F0 B Rk A A A A e 2 o 15| P A i 2w R 6 3 2 i R if &2 /E (Transient ischemic attack, TIA)
FEIFHZ —[1], SimtE g ek KRR, W SEIREMFEEIRE2]. AT, kA E
FI i A (carotid endarterectomy, CEA)& T ARIA¥T 38l ik Bk 22 1A 380715 [3]. /1 CEA AR J5 I K RE 46
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LW E A SRR A, AR AR TR 220 k& B e 4 . B dH S 2 S B IR G M4 D Re
Rt , FURJG M S REELR AL BRARBEESE 4], FARPIGHME AW, wf LSy i b rE
fERPRAS ML ThRE, KB R IUREF TR T F ARG R 2815, FRIRE A E s,
KA E, REmTFARLEME. BRI Z S 5000 R 7E 330 ik A BE S A (CEA)H, 75
il J 3 R S SEP MEP XA M, A p R AR T 17 1), T J5 B i) 2 A 38 5038 S A S5 1 it 700,
ARJEAX 1 5] I 8 M AR il A, 1 A5 R o B VE VA SR PR A R, RS R K AR A ZE A [5] . Haga
ZE[6]4F 2011 SFHRIE, ¥ 1ICG RIGIER N CEA Y, BEWEIE MM TR AR i 25 4 sh Ak BEER (G B, 1P 4G
20U Bl ik 08 B 1 5L s FLOWS00 THEHLEE G 8 A o i s (1 Js dh G, SRR A7 B A5 2, B
A AL ER R, SN ER A, RS NBEEL T, B3k, SHrER, &
U oA F AR RR[7]. 2021 4F 1 A & 2023 4F 1 H CEA Rfizg A& A I B S 1GG &5 1RTT 3
KA 90 ], ILHRE DT .

2. ImFRBEH
2.1 —RRFER

4R 2021 55 1 H % 2023 4 1 H AR A4 s A= BRI B A& 9 el 52 N CEA YR I7 1 90 5] 103 %5z
KRRV B AE (IR IR TR, R & M s e 20 CEA. 90 #ilrh, 53 73 491, 4 17 3l ~P384Fie
66 (65.98)% , XUIBEAE HATFAREH 13 6], ¥ 55 (55.53)% . k& 43 ], —id MR, TIA 25 i,
oG AT S BB A B B IS s R 13 5, TS AT R B0 F ThRk RS 9 .

2.2. Rae&E

R THIT FH if 000 L  A AR P ILER , AT I TR S L A N B+ BRJS I A
i CT M &2 (CT angiography, CTA). £ 8 Il 3 i& 5 (digital subtraction angiography, DSA). fiii
BRI ¥ B HEbR G BETE BRAR P90 A% B L 9% T4 (Magnetic Resonance, MR . 01 ik ik 75 2 FE 4
e bRt S A6 SRR Ik S S0 ik opk A2 K 77 72 (NASCET) [8]. Bafildh . kA 54 4], XU b, =k
% 36 i

2.3. MBITH%E

AT A8 35 11 IR e =] DU AR Bl SRt A% 7 S5 AT U/ MRIG Y7, BT =] DL AR 100 mg/d B3 L% 75 75
mg/d. T RFATFEAAETTES 7 20 mg/d B3 Fmfh A AT 45 7 10 mg/d HEAT FEIBVEIT « & AT FARIBIT BRI
WSS kA 45 2, U IR R AR B — M ST I CEA VRYT, UM FEMR A, S (HOReE R ™ & 1) —ml,
P H SR FEAR, IR FARFIATH TR R, A SRS, XS EGE T
FREE BRI AN PTIE)  JE RORE . SR A& X B 20 CEA, SR ARSI SN ik A 5 1 Jii A (Standard
carotid endarterectomy, SCEA) 32 il . 4MH =250 ik P4 53¢ i A (Valgus carotid endarterectomy, eCEA) 71
M, ARA G, AR 28 BKBE R ] 15~60 min, 1 22 (21.66) min, ARFHEK > T
% 5000 U

FARYERGIHE &G MREE T T, R Aminigy L RPoyE#EET MEP. SEP. KH
5% [ Cadwell Cascade 32 SARHIE KA MY RS, H 1 ALK 5 1) A B WM R ITEAT 00, X AT
RBFEBEAT MEP A1 SSEP I o AR [ B i R P FE AR B, 10720 RGEFRHUE[9], I AR S i E S 4: 1) MEP
W, HEERAL Y CL (FE)H C2 (h), CRKEAL AR/ BRUAAT UL, B B AR R ftle, 0%
HIR A EIR LAl . MEP — R 8 ANkt 41, RIIs 2 2 100~400 V, I IE]R% A 50~500 ps, il
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N 250~500 Hz. 77 il yEd 2 VG HEl A 30~3000 Hz, ek JiEd 258 50 Hz, 43 #ri[A] 24 50~100 ms. 2) SEP
W, RPEGERAL N IE R AR IR G, dskEAy C3'y CA'MI Cz, SHEHRAI A FPz. IR
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Figure 1. Normal electrophysiological monitoring potential amplitude during CEA surgery for carotid artery stenosis
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T8 15~35 mA, REUE 1~10 pV, il 30~500 Hz, % 50~100 ms, P12 100~200 #[10]. Fk
P i 0 SEL BBy 35 20 FK T 9 il 1 sk — Ik MEP 1 SEP, DLSRAS SRR AH - FH T 20 ik , R4 E id 5% MEP F1 SEP.
HEBRREEAN A BEAE A, TOEbRIE: MEP B SEP JIE T FEHT 50%EE RIHE KT 10%47 0 R 2 i 2
FATUE AT E R . — B IE S, FREARCRIBOE M A5, 7808 i s i m B 1
J&, DMK MEP B SEP B¢lE, B 1A Il ffy s e 45347 . CEA A Hh IE i H A 43 M 00 v A7 9 i WL < 1

ICG R LL 12,5 mg FEkHEEL 2, 45T 41 0.25 mg/kg 75 (25 mg i ARAE 5 ml #K ). FE ki Sa
ICG FEHMEHIRE AL G, JHRRFMEN. HSREALEE, ©HRNEA 805 nm WAl 835 nm K4
WEFF) NIR 2GRl fEXEEKT, WM EIRGRMRBURIK. ICG BFIEHRM, 23 2~4
I3l e A gukbdk NI 2 /GRS BT AR AR, 555 1ICG K[5]. 1ICG iR F1 FLOW 800 14
WUBEE AT HAR, BIR RR AR T 1CG ZOGIER L5 R AT 1ICG FOGTREE, AL EBN K P IS
B8 T J 29020 ik 1) 9 6 S 5 L& [11]

2.4. RIFALIE

ARG 24 h /2% W B AR AR IE R S D RERES, A HlE, T AR5 8Bk ) &2 48T 6e
Pk, GFBULERESIE R, mlEm s, R GIFE 120~140 mmHg. ARG oL A
JE MR AR MR 2R ERE 258 . hBeir. HBiE 1 ANH. 6 MHESE, MM BA. 306%
CTA 5 DSA 1Al ML 5 o

3. ER

A E A IR 90 181 R 103 ST AH ik A IS A o A A 220 e A I R DL g8 0 S 94 491,
B WIELR 9 6], MEP S IITEFR 6 9. SEP Fi i ill454s 7 41, MEP A1 SEP [F]i H L= 46
WiFEbR 4 5], AR REFSEEEARE, (i SR, $Em S k. AhRMAES, REREHHET) 6
BR300 ok BEL T A1 9% it 5 S IR M 2030 ko A8 Ab SRS A7 B, P RSB e 31 5 i o BEL BT J A () 25059 fik
BRI Y, FESRRIEAIR, MAsEE Bt BB A 1A AR 6 A~ A EAENE CTA B,
FEARARM M E L8, AJS TSR LR G AE . WA IR RAE I, 9 BIHIIARS BMA, YIRREE

4, BRI
4.1. #&HI 1

B, 67 %, EURHMRAATC AT N E kR 4 7, T 2021 4 4 J1 12 H AER B4
e ANBgizWr: ZEMIEN K EEARA: A 2 A SRR e ZE: i sm: 2 ZURER ;T ksl k a4k .
ATHR CTA 735 7 M 251 P4 Sl S 4 Ak 7 Js T E e (L 2), AR S8 3 MR 11 AR i/ ARORT Bt g 2513697
E 42 SRR T AT 22 S50 ik A DT B A (B 20) » R big i e AR B INRT 1CG & e il - AP AT MEP
A SEP BRE ML, SANIKBEWTISA] 24 738 . ARrb4T ICG 5 tIE 2 o BEH AR AL T35 N S bk E2 46 48
AR AE QTR A R ERBEWT G D K 0 8 (L] 3) A PRI I A 34T BEHLR B I H 2 MEP
AN SEP Pl 2, DT I B THERR AR T AR AR A IR iy o AR B BN W RIBE LRI A - 254 b
70 L5 B A A R L SO TR i v B L 1) 1006, 5% 55 5 B gk ok o 6 EL KT i 30k s 56 4 Wk 2 (L <
4)o ARJaH 3 REEME CTA RIS MR, M@y, TP, AR5 E#EF ARS8 EeE,
SRR TR, TMEIRERAGHRE . AJa 88 DRy MO IR 2540677, RJEFEm—
AT DSA E AR AL MSAI KN BRI, TH AR, TR (LK 5).
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Figure 2. Preoperative CTA and ASL in the patient’s neck and brain indicate severe stenosis above the bifurcation of the left
carotid artery, and the blood flow perfusion in the left brain is significantly decreased compared to the contralateral side
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Figure 3. Comparison of intraoperative fluorescein before and after carotid endarterectomy
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Figure 4. Intraoperative neuroelectrophysiological monitoring of potential amplitude indicated that the decrease in sensory
and motor potential of the right limb nearly disappeared during the operation and returned to the baseline level with the
opening of blood vessels
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Figure 5. DSA reexamination six months after surgery (figures A and B) and one year (figures C and D) showed that the left
carotid artery was unobstructed
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4.2. &l 2

BETBE, 64 %, FURKLE 34, INE 1 AT 2022 45 6 H 28 H NERBEME ML NBLiZhi: M
ST B PR AR o AT S CTA 754 25 4 Zh bR Aa A fls B 7= (JL AT 6), AR RB 3 JUER 1 et
MR EAR 25403677, FEB e 4 BRI AT A SISk N A VIER AR (Bl AL 30), ARrpiz A2 2R PR
A ICG &R, SUANIKBEHWTI E] 22 73h, MERRR TS S0 Sk iA@Y, SN R 2, Rk
TEALER(ILIE 7). ARHAT MEP A1 SEP KA S, SN KBS [A] 22 5384, Ao BELIT I 2 AT BEBR] B i
B SEP HI MEP &, ST ERITHRRRAEF AR R 2 G MARE I, AR BERYHEAT L B 7 AN
PRFARBERE, G558 AR LS BHIWT R SEP BlE e 2 . /2 T I MEP JIRARMKE R 20K-T-(HIK 8).
AT ICG PO R WP IR AR TSN KR SRS A Sk da 8, Siah bk b SRR, RIGH 3
REBEHH CTA RSN SR IMLIIE S, ISR SR, SEk TP, by, RE8E
JBAEENTE I RANE, SREAPRIEA 2K, T DhRERRGIE B . AR B U L AR N SCR R i 24547)
T, AJEFEE AT CTA R M N Sk e 552188,  S8Msh kIS A dh iR Rk .

Figure 6. Preoperative CTA in the patient’s neck and brain, indicating severe
internal carotid artery stenosis above the right carotid artery bifurcation
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Figure 7. Comparison of intraoperative fluorescein before and after carotid endarterectomy
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Figure 8. Intraoperative neuroelectrophysiological monitoring of potential amplitude indicated that the decrease in sensory
and motor potential of the left limb was close to disappearing during the operation, and the sensory potential returned to
the baseline level with the opening of blood vessels, but the motor potential amplitude of the left lower limb did not recover
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5. Wig

S ik P LR A B A UT) Bk 384 V2 ) S 0 ok P S 08 A R A BRE B, 2 T80 2008 Jk BRI 7 5 |2 i 4 v
—FEE 7%, H 1951 4 Spence BHIRFARMINLLK, S ZHERKEFARIRHLEL, 203Nk P R
A CHAIE B 2 17 ¥ St L P4 G 1L A5 006 (A 80T VE[12] . AR, M AR RHEAR T B 357, A A A
TETT SN B AL RE A B A R AR, (R BB Ik P9 LR e T AR AT SR A I T SN BB A —Fh e . A2
M77iE. T HFARVIBRGST A R 30 ks A8 ™ B B A 26 . BS540 ™ 8. PR ™ I A, X
TR AP MR T 00 20 B 4R — e Sl i (R Hp I R K R I s, SRIEF AR 2 s A
HERBN K FR R IS RELWT . PSRBT AZ Y A BRI TR B ik &5 T R ERAE,  #5G 1T B 3 303N ik A
Bl &80 KINAHZUMAEE AL . B 2 BEH 7 5| G o i v 2 35 A 2 D g b .
TRUEAR PR RN AT R e B, B FARIBRIE SBUNA RS 0, RAZ4Ae. =, SRR
P P AR TR W AR AR C N E R o e A R U 39Tk P T AR TR b B AR = I R B [13]

AR 2 A B M AN AT DA B BT o s e O ) S T P 2 R A AT R, I R PP A L )
M ARAZRE ), #E—D4e s T ARG BFHENTG . H AR 2 B A B B AR ETE M 2SR AR
AR AT AP S AR ISR L SEP, X RISy s B R, 4 Th R R
PE RIFRCR, WAREIERIETIISE AL 1 n] 5 1 8dE S RF[14]. MEP W] LAHERTIZ 2 D e B ot 21 LA A%
Sl R e R, (A5 BN M ARIR . RIS R R A, R e B 2 AR B A 1) AR [ 15]
AT, B MEP Wi R % 83.0%, G EEP A1 MEP Ml i 72 5% i 242 7+ 45 90.0% [16].
BRGNS A MEP BUS: 100%, 5% 85.96%, HAl SEP BUBE 80%, 4Pk 80.70%,
SEP + MEP #UHME 100%, 7551 98.25%, B4 I A xURE 7 14 B B =i T~ SEP. MEP S s A 5[ 17].
Malhotra 1 Shaffrey W52 &3, H—#E01) SEP MM BAPER N 0.063%~2.7%, I & 2 B il 1)
B BA £ %.(0%~0.79%) [18]. Michael 255t 264 {5 i # 12 F SEP + MEP J5 52 7E CEA Rt 53K 1, SSEP +
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