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Summary: It is well known that hyperperfusion syndromes sometimes occur after high flow bypass Key words:

or carotid endarterectomy (CEA). In this paper we discuss cases that showed hyperperfusion syn- - Hyperperfusion syn-
drome after CEA and high flow bypass using radial artery graft (RA graft). drome

Twenty cases that were treated between April 1993 and January 1996 were selected for this study. * high flow bypass

All patients complained of TIA, RIND, or minor completed stroke. Their cerebral angiograms demon- - carotid endarterectomy
strated severe stenosis or occlusion in the ipsilateral internal carotid artery or middle cerebral - SPECT

artery. The regional cerebral blood flow (rCBF) was measured with ‘2I-IMP single emission com-

puted tomography (SPECT), and measured after administration of 1 gram of acetazolamide intra- Surg Cereb Stroke
venously. For these 20 patients 15 cases of CEA and 5 cases of RA graft were performed. (Jpn) 25: 378-385, 1997

Three cases of hyperperfusion syndrome were observed: 1 case was seizure after RA graft, and 2
cases were hemorrhage (1 patient was after CEA and the other was after RA graft). This hyper-
perfusion syndrome group (H group) showed hypoperfusion at rest and markedly decreased aceta-
zolamide reactivity before operation.

On the other hand the rCBF was not decreased in non-hyperperfusion group (N group) after aceta-
zolamide administration. In the N group all patients were uneventful after surgery.

According to Kuroda’s classification, the cases who have decreased resting rCBF and impaired
acetazolamide reactivity are classified as “Type 3.” In our study the H group cases showed marked-
ly decreased acetazolamide reactivity compared with the “Type 3" cases of the N group. The cere-
bral blood vesseles of this H group may be paralytic and have no vasocontraction ability.

We propose the “vasoparalytic type” for these cases. They have decreased resting rCBF and severe-
ly impaired acetazolamide reactivity.

For these patients superficial temporal artery-middle cerebral artery anastomosis or PTA should be
performed prior to CEA and RA graft.
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[Mailing address: Katsunobu Takano, M.D., Department of Neurosurgery, Moriyama Hospital, 10-left, 6-chome, 8-jo-dori, Asahikawa
070, Japan]
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Pt 2 1. CHEHESR V%2 o T\ B BRAT L2 PO SEBIAR P R 1 ety
(LT, CEA L4EW)CHEBRE AV, NESR—EE
BIR— A KB EIAR Y &7 (UL, RA graft E BB %2 &0
high flow Il 1T B &M % 47 9 &, 47 # 2 hyperperfusion
syndrome BHELAEZ ENHD I id L {HOLNTWS,

LFEIZBV T, high flowMITHEMN 21T\, Mkl
hyperperfusion syndrome 454 U 7256112 DT SPECT %
FOLICRETL, ZOMEIZOVWTHRET 5.

FHiEs JUHR

HRITI993FE4A 55 1996 1H £ CICBAKMITEE
(rCBR)DIET 2 £\, ERBIIROKET 2IIHAEL D,
high flow MATHEM %217 - 722061 & L7-. mMATERHFO
PRI CEA 1561, RA graft 561 TH 5. &6, ##zCT,
RMERY, BKLEEDRELIT- 7. rCBFOHIE
(&' PLIMP % Fi v TE#IF 5 & Oacetazolamide 1 g &7
B SPECT % 1T L 7z. SPECT 3 5 4 O R &h AR £7 11
% 4T\», microsphere model IZ & 5 EEHIE % 17 - 72 9.
A7 4 ABEiZ5 mm& L, rCBFifll & ® ROI (region of
interest) DR EIXFIEE, FHEEIIOVWTIRIEIMENAL
5N % transverse section level T, FHTEZEIL % D LD level
THREERTDOALNDLEHMTITo /2. 72, BiGEZE,
SHEE, SHTEZED pixel I3 ZF N #1444 pixel, 327 pixel, 412
pixel & L7z, ThHDBPIEIAMD ) 5, CT CHhREZEIZIZ
ZoTHELY, EHICBFOET L T2 BEEALIZDOW
T, R#B & Wacetazolamide B8 rCBF 2 #llE L,
hyperperfusion syndrome % 2 7- L /- B HE) L /- & %
o cBWNE)ICHEL, HBHRET L.

&= R

2061, 3%1(15%) T hyperperfusion syndrome 2 & 5 &
EHSA LN, hyperperfusion syndrome % £ L 7-fEH1 13
W% &7 L7z 2 BI(RA graft# 16, CEA% 14l), RA
graft R ICEB AT L 16ITH 5.

ZENENDIERF O rCBF(Z# ks, acetazolamide & 77 iF)
i3 Table 1D L BN TH5EH. NETORELMDLEHE
rCBF #9112 32.5 + 4.7 ml/100 g/min, acetazolamide &
15 @ rCBF F394E13 38.9 + 6.1 ml/100 g/min T acetazo-
lamide &% O rCBF I3 L/ I LB L C2&pIEmML, Z
DFHHEMEIL205+ 145% THo7:. —F, HEOEKE
F¥rCBF F391E13 33.7 £ 2.5 ml/100 g/min, acetazolamide
B 7 B © rCBF¥ 3 & 1 31.0% 2.6 ml/100 g/min T,
acetazolamide & 77 % D rCBF 13 £ 12 L8 L T2 iR
LU, ZOFEHMEE—83+40%Thor. Lo,

Table 1 Region of interest (ROI) for the frontal and the temporal
lobes is instituted at the transverse section in which
the third ventricle can be observed. And that for the
parietal lobe is set up at the section that showed the
body of the lateral ventricle. The rCBF in the N group
increased in any cases when the acetazolamide was
administered. On the other hand the rCBF decreased
for all cases in the hyperperfusion group.

rCBF of hyperperfusion group (H group)

Case Rest Acetazolamide ArCBF  Operation
Case 1 36 34 —6 RA graft
Case 2 34 30 —13 RA graft
Case 3 31 29 —6 CEA
Mean  33.7£25 31.0+26 —8.3%4.0

rCBF of normal group (N group)

Case Rest Acetazolamide 4ArCBF  Operation
Case4 43 55 28 RA graft
Case 5 M 40 18 RA graft
Case 6 30 34 15 RA graft
Case 7 31 33 6 CEA
Case 8 22 31 38 CEA
Case9 33 34 3 CEA
Case 10 37 42 14 CEA
Case 11 38 41 8 CEA
Case 12 28 36 29 CEA
Case 13 28 38 36 CEA
Case 14 36 38 6 CEA
Case 15 31 39 26 CEA
Case 16 36 45 25 CEA
Case 17 31 47 51 CEA
Case 18 31 42 35 CEA
Case 19 30 33 10 CEA
Case 20 34 34 0 CEA

Mean  325%4.7 38.9+6.1 205+14.5

CEA: carotidendarterectomy
RA graft: radial artery graft
Values: ml/100 g/min

F 4 O JE Bl T hyperperfusion syndrome % #2 = L 72D iZ
actetazolamide B 7 EF (2 rCBF AMETF L 72 fEBI T - 7=.

R \Z hyperperfusion syndrome % & 72 L 72 3 EFIIZ D
TETRT 5.
<fEBI1> 558%, B, 1995FE1H38ICE LK DORKE
PHHL, 5SHICZ > THERICOREAMEIHR L 2. B
CT, MRLIZ TERIKKIELR B & O FH i THZE 1< 5 AP EIAR
RN BIAR © watershed type DEZE £ B #-. MEBER
RIS THANSEESIRFAEDL A S 1, HEBEIIR & 0 IRESLIR,
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o MBIk = 7 L T ms ﬁ@]ﬂﬂ@ﬁ@?ﬁﬁrf ml**ﬁ*ﬁ%%
XA T w72 (Fig. 1a). SPECT T i il fdl iy 98 3% ﬁiﬁémtﬂz
Y7o THEY, acetazolamide DM EIED EhH o T
T THo72(Fig. 2. FFE2A17THIZ Ei%ﬂl{?ﬁﬁbmﬁ-w
KNHAEDAR M &47 % 5617 L 72, MrRIREZEE Z 5§, bypass
D flow (&5 Tdh - 72 (Fig. 1b). RIZ, ENSEEIIRSEAE
AL, 3H 29 A SEBIR—AE T B AR —h KB ENIR M)
Gk r-> 7. %3 DBIZIEEMIHML, CTIZTEM
JHEERZ I lﬂlﬁ@f) A HAL, kO FEAL O SPECT T
hyperemla Ao 7:(Fig. 3). 7D MRA IZTRA graft =
LT @ﬂowl;H 5ThDH I &R S L7z (Fig. 1¢).
<TIE1§‘] 2> TTWSBTE. 19954E 1 H 13 H, #EOF KRR
D BEABLE o 7o, CT T HTSE T2 AT KK EN IR
KB ED IR @ watershed typeﬂ)ﬁiﬂ?“iﬁ. F72, AR
HEBIZ S MR A, MERE T ENSEEIRMEY
e, IEHEFEIIRD & %7 Jﬂ'@bﬁll’\ L, Ferh KA ENR 58
WAEE ST, I TR 6 H I A &M TESENIR
—h KNI HR M & i (double anastomosis) % fiti {7 L 7. ﬂ"‘f
HNEF 2458 L, M5 T 4 bypass |3 patent TH 5
L2 ffsE L C(Fig. 4a), 3 H101ERE L7z, MAE4HTH,
RO BRRREE, BEO ARSI L. lﬂl'??f%?i’f:ﬁ
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Fig. 1 a: Preoperative left vertebral angiogram. Bilateral
anterior cerebral arteries and middle cerebral
arteries are supplied via posterior communicating
arteries by left vertebral artery. ‘

b: Postoperative right common carotid angiogram
reveals good fillings of the middle cerebral artery
via the superficial temporal artery.

c: A-P view of postoperative magnetic resonance
angiography (MRA). The radial artery graft is well
demonstrated, which shows that the graft is high
flow.

Fig. 2 Preoperative SPECT of Case 1.

Upper: At rest. Lower: After acetazolamide
administration. The regional cerebral blood flow
(rCBF) is decreased in the bilateral frontotempo-
ral lobes at rest. It does not increase after aceta-
zolamide administration.



Fig. 3 Postoperative CT (day 3) and SPECT (day 1). The
CT scan demonstrated cerebral hemorrhage in the
left posterior temporal lobe where the SPECT
showed hyperperfusion.

Fig. 4 a: Left common carotid angiogram after the first operation of Case 2. Both of the
STA bypasses are patent. a
b: Left common carotid angiogram before the second operation. The blood flow of one T’Kh
of the bypasses is poor.
c: A-P view of the left common carotid angiogram after the second operation.
d: Lateral view of the left common carotid angiogram after the second operation
reveals good fillings of the middle cerebral artery through the radial artery graft.
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DIMFHAET LT
BETEZE )% acetazolamide & a7 |2

ﬁﬁ[:lﬁo 7z double anastomosis® 9 , 1A
72 (Fig. 4b). SPECT T /¢ i BE I 58
JMFEAMET L T2 (Fig.
5a). £n7:&, 5 A12H, FilElOEEAISEHEIIR—q Khx
Bk &4 & FIF L 7-bypass Fifi % £ 2, /Ei&AIBEBR
—HEEEIR—h REIIRY) &4 2 51T L 7. FATE %I
Bporznd, ME2HBIZERLANLERREFLAD
b, WEEEMHRE L, GRFREOME & RFEI R L 72,
SPECT T (3 72 Aif 3H % |2 & AT A 1M o o0 B8 10 % 328 72 (Fig.
b). #ifZ DM EHE TIERA graft % F\>7-bypass #£#% (2
f-%~1Zhigh flow T » 7z(Fig. 4c, d). FDEARFRE &
b3 R4 1ZEIE L 7.

<r1§|J3> 585%, M. 199543 H & ), ﬁjjﬁET‘Av‘;
, A LEIIRPAZE IS TRE L 7o, AREE:, MiEFH
blUCTT‘@E%(i?&)bﬂf‘f)‘/)f’ L75‘L, & #

FTRAENSEEROBERAE B L OANHEEROE% 32
&, GHEEER L ) RIGREIR % /A L T AN SESDIR -
MLiftid & 5 AL, ENSEBAREUINES T (MR AT AL T
7-. SPECT T3 HHIAE, 7”ﬂ(ﬁi‘x]#ﬁf’ﬁ/"ﬁ\mlﬂliﬁiﬁ‘"ffﬂ*'
L, acetazolamide (2 & % ME RIEH & F L T\ 7 (Fig.
6. 6 HS HIZACEA%4T>7:. Fili® H@SPECT’CT
AR, MISHZE, SHTASE O MRS % 529 72 (Fig. 7 lower).
Mitx 3 HEICEBES, GHME, KEFLLN, EHIK,
Wik L2 R L A BEe0 72 (Fig. 7 upper). {REFAVEREIZ THE %
Hrz. SERIERAIZEEL, RE LKL T, 9A7HIC
OBl D 4 & A BE AR b KRREIAR M &l % 47 - 72, #ifkid

hyperperfusion syndrome & & 5419, JNEFIZ#8 L 7.
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Fig. 5 a: Preoperative SPECT of Case 2.

Upper: At rest. Lower: After acetazolamide administration.
The rCBF is decreased in the left cerebral hemisphere. It
does not increase after acetazolamide administration.

b: Postoperative SPECT of Case 2.

Hyperperfusion is observed in the left frontal lobe that
causes seizure.

alb

Fig. 6

Preoperative SPECT of Case 3.

Upper: At rest. Lower: After acetazolamide
administration. Hypoperfusion is observed in the
bilateral frontal lobes and left temporo-parietal
lobes at rest. The rCBF does not increase after
acetazolamide administration.
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Fig. 7 Postoperative CT and SPECT. Hyperemia is observed in the left cerebral hemi-
sphere. Cerebral hemorrhage occurred in the left thalamus and midbrain.

PRBBEIR ICHE L, MiKds %\,
bypass TH V), 2FSFLEHENHLEVDILTWES
T, MifRIZIERE, EREE, mE ﬂu;‘ﬂ[ﬂl’i’éfﬁ“
hyperperfusion syndrome 25&A 5N 5 Z L3 L CHIGENT
. B E A E LR TR CEADE A, k12

/R L24H i, VI ORESIT L hyperperfusion 1 &
LNBD, % TEFEIRT2-15% IERDVHIHL, 20
I, HIMT 5DF05-2%E Vb Tung P00 g
7z, BloHmEIZ LML, CEAMZOMMEIMZ04-1.2%
LERTLA VI Lap L, ~ERILEFORLE
1336 50% & SN Twa VY CEADS G, Rt
DREFEGAHE2HAS37 AT, % I3k A%
R e XY 11 R R R W F & X (i - IOV ok
R D90 % L o @Bz, tHAINSEEIIR A 5 O collat-
eral flow AT LW I &z EpnbiTwns "2 2oy
0 P B IR & K Bk % 0 3 R O 1% 1 B R v K aE
1211320021 b g1 5 @ autoregulation D EE VY As Az 1 &
b EEZ LA, high flow MATEHEM %, I ?autoregu-
lation %% “reset” SNADIZKRHAET L L b TED
W - oiciims 2 Bb s,

F7:, Bl dHmogEE LT, 1) graftiz& ), 4t
EHROIENPZDE FHENIIRB SN L 720, i\ﬂzr‘hﬁ
§er<51phon§|3 *’C?‘(?éﬂé/\é[ﬂlf?ﬁ THshn

WHEMA S A, 2) BIOLE TILE MR vasodilation 2% %
o, breakthrough EHEMPOKEN R E THILT 5, 3)

Wi W % high flow

AR ENIR KSR C oMk A ¥ FI & & b, renticulo-
striate artery O 73 IE AR R O ST EFUL & % 5, NET
& 72 A 72 % |2 renticulostriate artery (2@ K 7% E A H 7
h, M2 EHELTVE .

F7, Fofoii % 2 ¢ risk factor & L THEITDE
MEGE, EE, M/ RERE#IHI# O F %, adenosine,
calcitonin gene related peptide, substance P 7% & D JEAT
TOvasodilator b & 1F 5 LT 53819

A, ISR THEOREIZIZZOMES W2, aceta-
zolamide ASIL K HH EINTE Y, YBETOREEFHL
W5,

EMHS "3 ?acetazolamide R 12380 &, ZREES
rCBF 8 &£ (Macetazolamide KB A & B M#E £ % LT
D4 type lZHFHLTW5E, Thbh, REHRECBFBLY
acetazolamide UGN IEHE 4 b O % type 1, “EH#F rCBF
X IEH T& 5 Hiacetazolamide RN KT L 72D % type
2, L rCBF 3 £ UMacetazolamide RGO T L2 b
D% type 3, HHEECBFIZILFLTWA 0D,
zolamide RIGHEIZIEH % b D& type 4 & L 72,

F% %4 @ hyperperfusion syndrome % #2 2 L 7z fEfIL\ 9
Ny, ZHHErCBF B & Wacetazolamide RIBEDK T L

aceta-

72type 3CTH 5. BHS "OHE L7 type 313 ArCBFA*
89%LLFDREGIZX L THMAL TWw2A, Fka DIERI%
ZOSHEIZSTIEHL L, Case 1, 2, 3, 7, 9, 11, 14,

20052 Dtype 3I2FEHT L., TRNOHDEFOFTYH
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hyperperfusion syndrome % & 72 L 72?3 ArCBF KT,
¥ bbb, acetazolamidedk 512 & ) rCBFAMET L 72
BlThsb. BBEBRFHIEDET L/type 3OHFTH, TN
X 7%Case 1, 2, 3IIBMBICENHIET LTS EED
na., ThoEFIE, MEBENMBEEISETLTEIWE LD
D, FEEFAHFEDONLCase 7, 9, 11, 14, 20 L1 E
20, §CIZHKILTE 13 vasoparalysis & & 72 L, MEINHE
fEkkoTwareEZLNSL., LW > T, acetazo-
lamide & 77 B5 |2 rCBF D& T ASA& & 1L 5 fEHI 12 high flow
bypass #1779 &, MM E IZINMHEREN 2 Ko T B 720,
hyperperfusion syndrome % X 7= W g H Y, b
X “vasoparalytic type” Vo RO TR L iTh
Eabhw, ZOX) EFICHLTIEET, EAIESR
— iR REXBIIR &4 2 & @ low flow bypass %2 N SHED R 2
EERICH L, PTAZE THRELBER S ¥, RMOKEH 5
EHEMNIETBE, BHEBW T2 5, high flow
bypass R CEA%fTHIRETHH LB bN A,

high flow bypass THi&tHML % & - TEFIDITE AL
BEORNCHEALERE LTS EWbE, LM LEHSH,
FKA4DEFTRIMED LR L-DL, BIMAHE 20D,
BAE & 722 5 MED LR L7200 % ORIEBEFRIEARHA
THhHoi-.

FEBI 2 TIZEBATHE & 7272012 SPECT 12 T B AT A I i
MEMUA-TEEDBETE LW, M2 s +aLiE
BELRSL, ERREFALNLFILRREHIET
L Tw/zZ & % 5 hyperperfusion syndrome T&H -7 ¢ B
bbb, KEFNIZ DOV TITERAEER—E T BIR— KA
BIRVEWRTH A2, 2EEORBEERE,LOCH 1 » AR
0T, BAMREFIRETH o -0 IR AIESR—EEE
B— KB EIAR M &4 C b #8323 89 7% high flow (2% o 72 &
ZEzibhb, )

Z L5 ? hyperperfusion syndrome 53R L 72354, #f
A6 D+D L HEBEDRS, itk 2 AMICESLBELR
MFEE, B UOBRERORBEICEETILENH LY.
FD7-H12 b BERIEIE, CT, MRIZVIC & 2 RiiRiE o
B, transcranial doppler = & % 7, M EHHE 2,
SPECTZ &IZ& ), BHICAKRERELRER L, MiFE
DiEE, MEERLBECTbE TR L YR

13)19)21)

T & O

i B MR B CHRARFMNMTEAET L, L2 b acetazo-
lamide BMHIZ & ) BATRMLTEEABA T 2 13 LRME T
HRESPETLTWAHA, —HELRA graft® X ) %
high flow bypass FHL CEARTRETLH W, ZDEIH %
FEB I AT FEMT I B\ T, “vasoparalytic type” & V2o
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T LWRASTEZ ARET, 7, RAEBIMR—P K5
BRYEH R NEEIR O PTAR 1TV, & A EEMM %
wins4, % BV Th 5 high flow bypass Fif%° CEA
EITH)DODBIWwEBRbNS.
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