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Cerebral Vasoreactivity and Internal Carotid Artery Flow
Help to Identify Patients at Risk for Hyperperfusion
After Carotid Endarterectomy

Kohkichi Hosoda, MD; Tetsuro Kawaguchi, MD; Yuji Shibata, MD; Masahito Kamei, MD;
Keiji Kidoguchi, MD; Junji Koyama, MD; Shigekiyo Fujita, MD; Norihiko Tamaki, MD

Background and Purpose-Hyperperfusion syndrome is a rare but potentially devastating complication after carotid
endarterectomy (CEA). The aim of this study was to investigate whether preoperative measurement of cerebral
vasoreactivity (CVR) and intraoperative measurement of internal carotid artery (ICA) flow could identify patients at risk
for hyperperfusion after CEA.

Methods—For 26 patients with unilateral ICA stenosis70%, cerebral blood flow (CBF) and CVR were investigated
before and 1 month after CEA, with resting and acetazolamide-challenge single-photon emission CT. CBF on the first
postoperative day was also measured. ICA flow was measured before and after reconstruction by electromagnetic
flowmeter during surgery.

Results—Ipsilateral CBF on the first postoperative day significantly increased relatively {5H38%) as well as
absolutely (37.28.8 to 57.718.0 mL/100 g per minute) in the reduced CVR group (C¥R2%) but not in the normal
CVR group (CVR=12%) (10.3:15.5% and 40.67.9 to 43.9-5.7 mL/100 g per minute, respectively). One month
later, this difference almost disappeared. Two patients showed ipsilateral CBF increas)@¥. A significant
association of intracerebral steal with hyperperfusion (CBF incred#0%) on the first postoperative day was also
observed. ICA flow increase after reconstruction significantly correlated with CBF increase on the first postoperative
day in the reduced CVR group but not in the normal CVR group. The threshold of ICA flow increase for hyperperfusion
was estimated to be 330 mL/min in the reduced CVR group.

Conclusions—Single-photon emission CT with acetazolamide challenge and ICA flow measurement during surgery could
identify patients at risk for hyperperfusion after CEA, in whom careful monitoring and control of blood pressure should
be initiated even intraoperativel{Stroke 2001;32:1567-1573.)
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ost postoperative complications of carotid endarterec- of perioperative strokesThe prognosis for these patients is

tomy (CEA) are ischemic in nature, caused by embo- poor, with mortality rates of 36% to 63%, and survivors have
lization or inadequate cerebral protection in patients with significant morbidity. However, less florid manifestations of
poor collateral supply. In a small subset of patients, however, hyperperfusion are probably more commnién.
postoperative neurological deficit may also be related to  Risk factors of this syndrome include long-standing hyper-
hyperperfusion, which is defined as a major increase in tension, a high-grade stenosis, poor collateral blood flow, and
ipsilateral cerebral blood flow (CBF) well above the meta- contralateral carotid occlusion that often impairs cerebral
bolic demands of the brain tissue after removal of a high- hemodynamic resen/é.A rapid restoration of normal perfu-
grade carotid stenosi€ The patients with hyperperfusion  sion pressure after removal of a tight stenosis by CEA could
may develop the classic clinical triad, which includes severe cause a large increase of blood flow through the internal
unilateral headache, face and eye pain, seizures, and intraceearotid artery (ICA) and hyperperfusion in a region of brain
rebral hemorrhage:# According to the literature, intracere-  that had been chronically ischemic with autoregulatory vaso-
bral hemorrhage is reported to occur in 0.4% to 1.8% of paralysis. In other words, hyperperfusion after CEA may be
patients after CEA4-° The largest series reported that equivalent to normal perfusion pressure breakthrough to
intracerebral hemorrhage constituted approximately one fifth describe the cerebral edema and hemorrhage that sometimes
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occur after the resection of an arteriovenous malformatién. We performed CBF measurement witN-isopropylp-

If this hypothesis is correct, the preoperative assessment ofl “1liodoamphetamine (IMP) combined with a modification of

cerebral hemodynamic reserve and intraoperative measure-21€ral input sampling?2¢-2The patient's head was immobilized
with a holder, and bandages were placed across the forehead and

ment of ICA flow seem to be important in predicting this rare - tastened to the holder. An arterial line was placed in the radial artery
but potentially devastating complication. Many studies have and connected to an infusion pump. A dose of 111 MBq (3 mCi) of
reported the usefulness of single-photon emission CT [*J]IMP was injected into an arm vein. At the same time, the
(SPECT) with acetazolamide challenge for evaluation of fime-activity curve of the entire brain was monitored with a gamma
bral hemodynamic reseri®1” In addition. SPECT has  camerain the anterior view until 15 minutes after injection. Arterial
cere Yy ’ ! ' blood was withdrawn at a constant speed of 1.7 mL/min for 5
been reported to show increased radionucleotide tracer uptakéminutes immediately after injection. These arterial whole-blood
in patients with hyperperfusion after CEA;20 even in the samples were analyzed for true tracer activity with the use of octanol
absence of CT finding&: extraction. SPECT acquisition was started from 15 minutes after

- : : IMP injection and lasted for 35 minutes. Data were accumulated in
The pu_rpose of thls. study was tp investigate Whe_ther 64 steps, and each step collected counts for 30 seconds. Data were
preoperative SPECT with acetazolamide challenge and intra- cyjiected in 6464 matrices and were reconstructed in transaxial

operative measurement of ICA flow could identify patients at sections parallel to the orbitomeatal line with 8 mm thickness to

risk for hyperperfusion after CEA. allow the same area to be quantified between the preoperative and
postoperative SPECT studies. After SPECT acquisition, the entire
Subjects and Methods brain activity was obtained in the anterior view for 30 seconds. The

attenuation correction technique was not used.

Between December 1998 and April 2000, 34 consecutive patients  pe equation for determining regional CBF (rCBF) is as follows:

underwent CEA, 26 of whom fulfilled the following criteria and

entered the present study. Inclusion criterion was unilateral ICA (100XRXCb)

stenosis=70%. Exclusion criteria were bilateral carotid lesions, T (NXA)

intracranial artery stenosis or occlusion, and/or major disabling

stroke. where F is rCBF (mL/100 g per minute), R is the constant

Twenty-two of the 26 patients were male, and 4 were female. withdrawal rate of arterial blood (mL/min), Cb is the brain activity
Mean age was 69:56.8 years (meahSD), ranging from 57 to 84 (nCilg), Ais the total activity in the withdrawal arterial whole blood
years. Twenty-one patients were hypertensive, and 8 had diabetes(nCi), and N is the fraction of A that is true tracer activity, which is
mellitus. Seventeen patients showed ipsilateral carotid territory determined by octanol extraction of arterial whole-blood acti#hty.
symptoms. Transient ischemic attacks (TIAs) referring to the rele- A cross-calibration factor between the rotating camera system and
vant carotid artery were the only symptoms for 5 patients. Three Well counter was obtained with the use of a 20-cm-diameter
patients had suffered TIAs with subsequent strokes, and 9 patientscylindrical phantom filled with standard activity (0.3&Ci/mL). The
had suffered strokes only. All stroke patients had made good factor was calculated by dividing the activity measured by well
functional recoveries. Nine patients exhibited asymptomatic ICA counter by reconstructed counts per pixel.
stenosis. Reconstructed counts of tomographic images 30 minutes after

Preoperative CT and MRI demonstrated no signs of infarction in injection, when the brain activity reached a plateau, were corrected
11 patients. Infarctions were seen in the hemisphere ipsilateral to thet0 represent 5-minute reference values with the use of the monitored
side of ICA stenosis in 15 patients. Fourteen of them represented time-activity curve of the entire brain.
symptomatic infarctions correlating with clinical presentation of TIA ~ Cb values were calculated as follows:

or stroke. The final patient represented asymptomatic infarctions. Cb=(C5/C30)x(cross-calibration facto®)
Two patients had asymptomatic infarction in the contralateral
hemisphere. (reconstructed counts of tomographic images

All patients underwent preoperative angiography. Overall average
of the degree of ICA stenosis was 85.00.1%, with a range of 70%
to 99%, according to the method of the North American Symptom- (Ci5+Cs)
atic Carotid Endarterectomy Trigd. There was no patient with = 5
=30% stenosis of contralateral ICA.

All patients underwent surgery under general anesthesia. Thirteenwhere G, C,s, and G, represent counts at 5, 15, and 30 minutes on
patients underwent surgery on the left side and 13 on the right side. the time-activity curve of the entire brain, angd,@presents counts
An indwelling shunt (high-flow shunt) was routinely us&dWe of the entire brain activity 50 minutes after injectiong,Gvas
obtained informed consent from all patients or their next of kin. calculated as described above.

Blood flow through the ICA was measured before and after ~ We measured rCBF by placing 6 to 10 regions of interest (each
reconstruction by a cuff probe of an electromagnetic flowmeter 16X16 mm) in bilaterally symmetrical regions of the middle cerebral

30 min after injection)

(Nihon Koden MFV-3200 FG) during CEA. artery territory on a SPECT image plane where the asymmetry of
radioisotope uptake distribution was most prominent. The pairs that
CBF Studies showed the largest difference in values were used. A region where

The resting CBF was assessed by means of SPECT, with a rotatinginfarction was seen on CT and/or MRI was carefully excluded from
dual-headed gamma camera (GAMA View SPECT 2000 H-20, the evaluation.

Hitachi) before CEA, 1 day after CEA, and 1 month after CEA. We  The rCVR was calculated as follows:

also measured cerebral vasoreactivity (CVR) to the acetazolamide rCVR (%)=

challenge for evaluation of cerebral hemodynamic reserve before and

1 month after CEA. Five to 7 days after resting SPEQTg of (acetazolamide-challenge rCBFesting rCBF) 100
acetazolamide was given intravenously; 20 minutes later, SPECT (resting rCBF)

was repeated to investigate regional CVR (rCVR). The median time

between the latest ipsilateral neurological event and preoperative Normal control values of rCBF (4546.9 mL/100 g per minute)
SPECT study was 47.5 days (range, 18 to 178 days) for strokes andand rCVR (52.4:13.3%) in our hospital were obtained from 10
30 days (range, 10 to 56 days) for TIAs. The median time between people who had no stenosis or occlusion of cervical or intracranial
the preoperative SPECT studies and CEA was 15 days (range, 2 toarteries. Eight of them were male, and 2 were female. Mean age was
73 days). 65.9+10.3 years, ranging from 42 to 76 years. There was no
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statistically significant difference in age and sex between the control 67/M Rt. ICA stenosis
and patient groups. When the values of cerebral vasoreactivity were
less than the mean minus 3 SD, ie, 12%, they were rated as reduced rest acetazolamide
CVR. When CBF decreased after acetazolamide challenge, it was
defined as intracerebral st&dl28 Hyperperfusion after CEA was
defined as CBF increase ef100% on the first postoperative day,
according to Piepgras et al.

Statistical Analysis
Descriptive statistics are presented as me@B. For comparison 1 day
study, we used ANOVA in a repeated-measures design (independent after CEA
variable: CVR status; within factors: side and time point; dependent
variables: CBF or CBF increase [%]) and Studerttest. Fisher’s
exact test was used for proportion analysis. Value®4D.05 are
reported to be significant. A commercially available software pack- 1 month
age was used (Statview 5.0; Abacus Concepts and Statistica 4.1;

after CEA
StatSoft).

ma/100g/min

| ES

J
6

10

Results

The patle_nts were divided into 2 grouDs_ 9” the basis of the Figure 1. A case of hyperperfusion with severe right (Rt.) carotid
preoperative status of cerebral vasoreactivity, ie, normal CVR stenosis. Top, Preoperative SPECT. Severe hypoperfusion is
(rCVR =12%; n=17) or reduced CVR (rCVR<12%; rn=9). seen in the right ICA territory on resting SPECT. Almost no CBF
Six patients in the reduced CVR group demonstrated CBF response to acetazolamide is seen in the same territory, and
d 4.7+2 5% ing f 2 1% to—9.5%) aft intracerebral steal is seen in the right frontotemporal area (33.4

ecrease +.7%2.5%, ranging from-2.1% to—39. 0) after to 31.8 mL/100 g per minute, ie, —4.8% reduction). Middle,
acetazolamide challenge, representing intracerebral stealSPECT on the first postoperative day clearly demonstrates
(Figure 1, top row). hyperperfusion (>90 mL/100 g per minute) in the right ICA terri-

; ; ; ; tory. Moderate CBF increase is also seen in the left ICA terri-
All patients recovered without new major neurological tory. Bottom, SPECT 1 month after CEA. Preoperative hypoper-

deficits after surgery. No patient exhibited postoperative fysion and CBF response to acetazolamide return to normal,
intracerebral hemorrhage. In 2 patients, however, postopera-with complete resolution of the lateralized hyperperfusion seen

tive ipsilateral hyperperfusion (CBF increase=f00%) was on SPECT on the first postoperati\{e day. Rainbow displa_lying

clearly observed on SPECT on the first postoperative day CBF from 0 to 90 mL/100 g per minute appears on the right.

(Figure 1, middle row), although postoperative CT scans

were normal. Incidence of postoperative hyperperfusion was 9roup (43.8-5.7 to 43.4-6.4 mL/100 g per minute) (Figure
higher in the reduced CVR group (2/9; 22%) than in the 2). No significant difference was observed between preoper-
normal CVR group (0/17; 0%), but there was no significant ative CBF and CBF 1 month after CEA in both groups
difference (Table). However, the incidence was significantly (Figure 2). In some patients, however, preoperative hypoper-
higher in the intracerebral steal group (2/6; 33%) than in the fusion was remarkably improved (Figure 1, bottom row).
nonsteal group (0/20; 0%PE0.046) (Table). There was no Contralateral CBF increase was smaller but statistically
significant association between hyperperfusion and clinical Significant on the first postoperative day in the reduced CVR
(age, hypertension, diabetes mellitus, and symptoms) or9roup (43.39.1 to 51.0-14.7 mL/100 g per minute;

physiological (degree of stenosis) variables. P=0.01) but not in the normal CVR group (42:9.4 to
44.6+4.7 mL/100 g per minute) (Figure 3). Interestingly, a
Changes of CBF Before and After CEA large increase of contralateral CBF on the first postoperative

Ipsilateral CBF significantly increased on the first postoper- day was observed in the same 2 patients who demonstrated
ative day in the reduced CVR group (3%8.8 to 57.7-18.0 ipsilateral hyperperfusion (Figure 3, right panel, black ar-
mL/100 g per minuteP=0.00003) but not in the normal  rows). Contralateral CBF significantly decreased 1 month
CVR group (40.6:7.9 to 43.9-5.7 mL/100 g per minute)  after CEA compared with the values on the first postoperative
(Figure 2). As described above, ipsilateral hyperperfusion day in the reduced CVR group, returning to the normal range
(CBF increase 0&=100%) on the first postoperative day was

observed in 2 patients who had demonstrated intracerebralRelationship Between Cerebral Vasoreactivity and

steal on the preoperative SPECT study (Figure 2, right panel, Hyperperfusion After CEA

black arrows). The preoperative asymmetry of perfusion on

both resting and acetazolamide-challenge SPECT was more Hyperperfusion

severe and diffuse in the 2 patients than in other 4 patients + = Incidence P*
with intracerebral steal (Figure 1, top row). These 2 patients CVR status

suffered a unilateral headache and mild confusion for a <199 2 7 999 NS (0.1)
couple of days after CEA but eventually fully recovered after ~12% 0 17 0%

strict control of blood pressure. Ipsilateral CBF significantly

decreased 1 month after CEA compared with the values on Steal

the first postoperative day in the reduced CVR group, + 24 33% 0.046
returning to the normal range (57:18.0 to 41.9-5.9 mL/ - 0 20 0%

100 g per minuteP=0.0004), but not in the normal CVR *Fisher’s test.
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Figure 2. Preoperative and postoperative CBF on the side ipsi-
lateral to CEA. Left, Normal CVR group. Right, Reduced CVR
group. Shaded areas are mean=2 SDs of 10 normal controls in
our center. Each symbol in Figure 2 right panel and Figure 3
right panel represents the same patient. Black arrows indicate 2
patients who demonstrated ipsilateral CBF increase of =100%
on the first postoperative day. **,*Significant difference between
each time point; §significant difference between normal and
reduced CVR group; *significant difference between ipsilateral
and contralateral CBF (all P<0.008). See text for details.

(51.0+14.7 to 44.2:6.7 mL/100 g per minute?=0.02), but
not in the normal CVR group (4464.7 to 43.3:6.2 mL/100
g per minute) (Figure 3). No significant difference was

—_ . —
&\o/ 150 1p51lat::<al contralateral — 150 E\Q/
< 160 "7 He60 <
1 140 140 8
% 1204 & F120
& 100 100 &2
g 804 . . 80 g
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Figure 4. Postoperative CBF increase as a percentage of the
preoperative CBF in the reduced CVR group. Left, Ipsilateral
CBF increase. Right, Contralateral CBF increase. Each symbol
in the right and left panels represents the same patient shown in
Figures 2 and 3. Black arrows indicate 2 patients who demon-
strated ipsilateral CBF increase of =100% on the first postoper-
ative day. **,*Significant difference between ipsilateral and con-
tralateral CBF increase; §significant difference between normal
and reduced CVR group on the first postoperative day (all
P<0.02). See text for details.

contralateral side (Figures 2, 3, and 4). These results indicated
a relative as well as absolute ipsilateral CBF increase only in
the reduced CVR group. One month later this difference

observed between preoperative CBF and CBF 1 month afteralmost disappeared. However, a small but significant differ-

CEA in both groups (Figure 3).

ence was still observed between percent increase of ipsilateral

Further analysis clearly demonstrated asymmetrical and contralateral CBF in the reduced CVR gro#s=0.015)
changes of CBF after CEA in the reduced CVR group but not (Figure 4).

in the normal CVR group. The ipsilateral CBF on the first

postoperative day was significantly higher than the contralat- R€lationship Among CVR, ICA Flow, and CBF

eral CBF in the reduced CVR group£0.00022), but it was
not significantly higher in the normal CVR group (Figures 2

Increase After CEA
The overall mean of ICA flow before and after reconstruction

and 3). The ipsilateral CBF increase on the first postoperative Was 79.&48.6 mL/min (range, 15 to 194 mL/min) and
day as a percentage of the preoperative CBF was significantly 192.2-80.7 mL/min (range, 75 to 400 mL/min), respectively.
more pronounced compared with contralateral CBF increase 1 N€ average increase was 11298.2 mL/min (range;-20

in the reduced CVR group (56:6%53.2% and 16.923.2%,
respectively;?=0.0000081) (Figure 4) but not in the normal
CVR group (10.&15.5% and 5.814.1%, respectively). In

to 380 mL/min). The increase of ICA flow after CEA was
significantly larger in the reduced CVR group than in the
normal CVR group (204*102.5 and 63.550.0 mL/min,

addition, CBF and its percent increase on the first postoper- r€Spectively;P=0.00008).

ative day were significantly higher in the reduced CVR group
than in the normal CVR group on the ipsilateral side
(P=0.0073 andP=0.0025, respectively) but not on the

CVR > 12% CVR <12%
100 100 __
£ 9 * % * F90 &
on 80 NS NS * L0 an
o —> —b o
< 704 F70 <
5 5 % 2
E 301 30 &
207 NS " 20
8 10 _ NS _ ti0 8
@] n=17 n=9 @]
0 T T T 0
Preop. 1day 1month Preop. 1day 1month

Figure 3. Preoperative and postoperative CBF on the side con-
tralateral to CEA. Left, Normal CVR group. Right, Reduced CVR
group. Shaded areas are mean=2 SDs of 10 normal controls in
our center. Each symbol in Figure 2 right panel and Figure 3
right panel represents the same patient. Black arrows indicate 2
patients who demonstrated ipsilateral CBF increase of =100%
on the first postoperative day. **,*Significant difference between
each time point; *significant difference between ipsilateral and
contralateral CBF (all P<<0.03). See text for details.

A significant linear correlation was observed between ICA
flow increase after reconstruction and ipsilateral CBF in-
crease on the first postoperative day as a percentage of the
preoperative CBF, with the line defined by CBF increase
(%)=—25.1+0.4XICA flow increase (correlation coefficient
r=0.77,P=0.015), in the reduced CVR group (Figure 5, right
panel) but not in the normal CVR group (Figure 5, left panel).
If the formula is reversed, the 95% CI associated with a
predicted mean ICA flow increase for 100% CBF increase on
the first postoperative day is 207 to 332 mL/min. Therefore,
the threshold of ICA flow increase for hyperperfusion was
estimated to be approximately 330 mL/min. In fact, CBF
increase>100% was observed only in 2 patients with ICA
flow increase>330 mL/min, who had demonstrated intrace-
rebral steal on preoperative SPECT (Figure 5, right panel).

Discussion
The incidence of hyperperfusion, which is defined to be CBF
increase 0f=100% after CEA, was reported to be 11.6%,
according to Piepgras et alOf those with hyperperfusion,
intracerebral hemorrhage developed in 3.3%. In contrast, only
0.24% of those with CBF increase100% developed intra-
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150 CVR > 12% CVR < 12% 150 in 2 patients with intracerebral steal. Severe and diffuse asym-
£160- r=02 NS | |r=077 p=0015 & |i5e metry on preoperative SPECT of the 2 patients seems to be
<130 :1‘2‘85 characteristic. A significant association of intracerebral steal
< 1001 ®l00 g with the hyperperfusion (CBF increasel00%) on the first
?‘i 28 E postoperative day was also observed. These results suggest that
g La0 § the basic mechanism responsible for the hyperperfusion is
£ ’30 E massive vasodilatation due to loss of vasoconstriction because of
O B . . . . . .

8 0] 0 20 & chronic cerebral ischemia distal to the high-grade carotid steno-
P 8_40 sis. In this_situation, th_e abrupt r(_estoration of perfl_Jsion pressure
| SEEARAFT S eQdan ¥ after surgical correction of a tight ICA stenosis cannot be
ICF increase after CEA (ml/min) L .
compensated for by vasoconstriction and may result in cerebral
Figure 5. Left, No significant linear correlation was observed edema and even cerebral hemorrhage, as a consequence of a
between ICA flow (ICF) increase after reconstruction and ipsilat- leaky capillary bed-311This is considered to be equivalent to
eral CBF increase on the flrst_ postoperative day as a pergent— the normal perfusion pressure breakthrough seen after the
age of the preoperative CBF in the normal CVR group. Right, A ) ) .
significant linear correlation was observed between ICA flow resection of some arteriovenous malformagiéhin addition,
increase after CEA and ipsilateral CBF increase on the first - autopsy studies of patients who died of intracerebral hemorrhage
postoperative day as a percentage of the preoperative CBF in after CEA have demonstrated intracerebral arterial histological
the reduced CVR group (correlation coefficient r=0.77, h bli I th t . includi m
P=0.015). Vertical shaded line indicates 330 mL/min increase of change resem_ ing ma |gnaq ypertension, 'nc_u ing sweilling
ICA flow, which seems to be the threshold for hyperperfusion. and hyperplasia of endothelial cells, extravasation of erythro-
Horizontal shaded line indicates CBF increase of 100% as defi- cytes, and fibrinoid necrosts$ These findings are consistent
nition of hyperperfusion. e indicates patients with with the cerebral hemodynamics hypothesis described above.

h rfusion. . : .
yperperiusion Recent studies have demonstrated that intraoperative TCD

cerebral hemorrhage. Taken together, the risk of intra(:erebraln_]Onltorlng can also identify patients at risk for hyperperfu-

hemorrhage in patients with hyperperfusion wa$0 times fs|on.7’36 The_ T.CD criteria_for hyperperfusi_on i5>100%..
that of patients without hyperperfusion. Therefore, detection Increase of |pS|IgteraI peak blood flow velqcr[y or pulsatility
of hyperperfusion after CEA is important in identifying !:::I)é g];s:[ht?) hmldglree?ﬁ, r;g;alcagig’mwggg ;eeeaZSr;%ebnet
patients at risk of intracerebral hemorrhage after CEA. Some g yperp )

revious studies suggested that patients with preo eratiVeFurthermore, repeated observations are more practical with
P dies sugg at pat Preoper: TCD than SPECT. Results from the previous TCD study
hemodynamic failure run a definite risk for hyperperfusion

. : X correlate well with results from the present study but also
syndromet-24.29 From these points of view, SPECT is very b y

ful b it fitativel both CBE dprovide more information about the time course of recovery
usetul because It can quantitatively measure bo antom hyperperfusio? It has been reported, however, that

her_r;odynr?rlrlnc rese;}’ﬁ as cersbrlal vasoreactivity to Z’ggazo"symmetrically elevated velocities in both middle cerebral
amide challenge. The cerebral vasoreactivity 10 arteries were seen in a patient with ipsilateral hyperperfusion

acetazolamit_je has been proposed_as_a test for_ CerGIDIrE"'dentified on SPECH In addition, TCD monitoring is not
hemodynamic resen/é-” Acetazolamide is a carbonic an-  5yays possible for all patients because of a thick skull,

hydrase inhibitor that causes a disequilibrium of the,CO rogting in a poor signal to noise ratio or no signal af &.
buffer system and results in vasodilation at least as effective \yihen the limitations of TCD are considered, SPECT may be
as inhalation of 5% C¢*° Administration of acetazolamide  he petter method for identifying hyperperfusion after CEA,
induces a rapid and marked increase in CBF, ranging from giihaugh it is more expensive. TCD is more suitable for
20% to 80%;*27-3-3avhich corresponds to the vasoreactivity  rgpeated monitoring.
of the controls in the present study. Recently, it has been  preyious studies with direct intraoperative measurements
demonstrated that transcranial Doppler ultrasonography of |CA flow before and after reconstruction demonstrated
(TCD) with acetazolamide challenge is also able to assessyesyits comparable to those reported here, with means of 80 to
cerebral vasoreactivit§?.>* However, TCD cannot measure 130 and 160 to 210 mL/min, respectivéRfs-+0 In the
CBF itself, in contrast to SPECT. present study ICA flow increase after reconstruction was
The present study demonstrated that a significant CBF in- sjgnificantly larger in the reduced CVR group than in the
crease on the first postoperative day was seen only in thenormal CVR group. In addition, ICA flow increase after
reduced CVR group but not in the normal CVR group. Further- reconstruction was significantly correlated with CBF increase
more, CBF and its increase 1 day after CEA on the ipsilateral on the first postoperative day in the reduced CVR group
side were significantly higher than those on the contralateral side despite the 1-day interval between the measurement of ICA
in the reduced CVR group but not in the normal CVR group. flow and CBF. This correlation was not observed in the
One month later this difference almost disappeared. This relative normal CVR group. These results suggest that an extremely
as well as absolute ipsilateral CBF increase is in accord with the large increase of ICA flow after reconstruction occurs only in
previous study® However, our results more clearly demon- patients with severely impaired cerebral autoregulation. The
strated a significant association of reduced CVR, which is 95% CI associated with a predicted mean ICA flow increase
directly measured on acetazolamide-challenge SPECT, withfor 100% CBF increase on the first postoperative day sug-
postoperative hyperperfusion. It is noteworthy that the CBF gests that the threshold of ICA flow increase for hyperperfu-
increase of>100% on the first postoperative day was only seen sion is 330 mL/min in the reduced CVR group. Such a large
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increase of ICA flow was observed only in 2 patients with
intracerebral steal and resulted in hyperperfusion. During
surgery, therefore, an ICA flow increase after reconstruction g
may be a good indicator of hyperperfusion after CEA.
Once hyperperfusion syndrome is established, it is difficult
to control and treat34 Review of the literature suggests that
the first few postoperative days are the high-risk period for
intracerebral hemorrhage after CBATherefore, it is impor-
tant to diagnose patients as soon as possible to determine
when to start preventative measures. The present results;;
imply that severely reduced vasoreactivity (intracerebral
steal) and an excessive increase in ICA flow after reconstruc-
tion (>330 mL/min) may help to identify patients at risk for
developing cerebral hyperperfusion after CEA. Most authors

recommend strict control of blood pressure in the postoper- 13.

ative period to prevent hyperperfusion syndrohiél.ss.36
According to the present results, it is possible to start strict ,,
control of blood pressure intraoperatively to prevent postop-
erative cerebral hyperperfusion if the patients demonstrate
ICA flow increase of=330 mL/min. Because of the small

10.

after carotid endarterectomy by clinical criteria and intraoperative trans-
cranial Doppler monitoring: results of 233 operatioksir J Vasc Surg
1994;8:220-225.

Riles TS, Imparato AM, Jacobowitz GR, Lamparello PJ, Giangola G,
Adelman MA, Landis R. The cause of perioperative stroke after carotid
endarterectomyd Vasc Surg1994;19:206-216.

9. QOuriel K, Shortell CK, Illig KA, Greenberg RK, Green RM. Intracerebral

hemorrhage after carotid endarterectomy: incidence, contribution to neu-
rologic morbidity, and predictive factors.Vasc Surg1999;29:82—-89.
Powers AD, Smith RR. Hyperperfusion syndrome after carotid endarter-
ectomy: a transcranial Doppler evaluatioNeurosurgery 1990;26:
56-60.

. Reigel MM, Hollier LH, Sundt TM, Piepgras DG, Sharbrough FW,

Cherry KJ. Cerebral hyperperfusion syndrome: a cause of neurologic
dysfunction after carotid endarterectondyWasc Surg1987;5:628—-634.

12. Spetzler RF, Wilson CB, Weinstein P, Mehdorn M, Townsend J, Telles

D. Normal perfusion pressure breakthrough thed®jin Neurosurg
1978;25:651-672.

Russell D, Dybevold S, Kjartansson O, Nyberg-Hansen R, Rootwelt K,
Wiberg J. Cerebral vasoreactivity and blood flow before and 3 months
after carotid endarterectom$troke 1990;21:1029-1032.

. Cikrit DF, Burt RW, Dalsing MC, Lalka SG, Sawchuk AP, Waymire B,

Witt RM. Acetazolamide enhanced single photon emission computed
tomography (SPECT) evaluation of cerebral perfusion before and after
carotid endarterectomyl. Vasc Surg1992;15:747-754.

15. Kuroda S, Kamiyama H, Abe H, Houkin K, Isobe M, Mitsumori K.

number of cases in the present study, however, a larger
number of cases would be required to establish the sensitivity
and specificity of this value.

16.

Conclusions

In the present study preoperative SPECT with acetazolamide17.

challenge and ICA flow measurement during surgery seem to
be sensitive methods to identify patients who are at risk for

hyperperfusion after CEA. Intracerebral steal on SPECT 13

enables us to select a small subset of patients among those
clinically suspected to be at risk for hyperperfusion. ICA flow
measurement may provide the opportunity to further distin-
guish patients at risk and to start careful monitoring and
control of blood pressure intraoperatively to prevent postop-
erative hyperperfusion syndrome.

21.
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