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ACKGROUND
isk factors for intracerebral hemorrhage following ca-
otid endarterectomy (CEA) include perioperative cere-
ral ischemia, postoperative cerebral hyperperfusion,
nd postoperative anticoagulation therapy, and at least 2
f these risk factors are typically present in the context of

ntracerebral hemorrhage (ICH).
ASE DESCRIPTION
75-year-old man with severe bilateral cervical internal

arotid artery stenosis and a minor stroke resulting in left
otor weakness underwent a right CEA. The operation
as uneventful, and the patient did not experience new
eurologic deficits upon recovery from anesthesia. Brain
ingle photon emission computed tomography (SPECT)
btained immediately after CEA showed a perfusion de-

ect in the right parietal lobe and absence of cerebral
yperperfusion. A computed tomography (CT) scan
howed no new abnormal findings. Aspirin therapy was
nstituted postoperatively. On the second postoperative
ay, the patient experienced abrupt worsening of left
emiparesis, and subsequent CT imaging demonstrated a
ematoma in the right parietal lobe. Cerebral hyperper-

usion was absent on repeat SPECT.
ONCLUSION
erioperative cerebral ischemia can result in intracere-
ral hemorrhage after CEA even in the absence of cere-
ral hyperperfusion and/or anticoagulation therapy. Fur-
her, cerebral perfusion imaging performed immediately
fter CEA is a useful modality for the identification of
ccult cerebral ischemia or hyperperfusion that may lead
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ntracerebral hemorrhage (ICH) following carotid
endarterectomy (CEA) occurs in fewer than 1% of

ases but may account for up to one quarter of all
ostoperative complications [1,4,8–10,13] and has
high morbidity and mortality rate in community-
ased series [4,8–10,13]. Some characteristics of
atients who have had an ICH after CEA have been

dentified and compared with those in controls. Ce-
ebral hyperperfusion following CEA has been pro-
osed as the main mechanism [1,3,4,9]. Periopera-
ive cerebral ischemic events and postoperative
nticoagulation therapy may be other important
isk factors [3,4,9,12].

The following case describes a patient with
symptomatic perioperative cerebral ischemia as
etected by cerebral perfusion imaging that devel-
ped an ICH after CEA. Further, this occurred in
he absence of post-CEA hyperperfusion. Regional
erebral blood flow (CBF) was quantitatively
easured using single photon emission computed

omography (SPECT) and [123I]N-isopropyl-p-iodo-
mphetamine [5].

ase Report
75-year-old man with severe bilateral cervical in-
ernal carotid artery (ICA) stenosis was admitted

0090-3019/04/$–see front matter
doi:10.1016/j.surneu.2004.03.001
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or CEA after experiencing a minor stroke that re-
ulted in left motor weakness. The patient’s medical
istory was significant for hypertension and diabe-
es mellitus, and his medication profile included
spirin, perindopril, and glibenclamide. Upon ad-
ission, a neurologic examination revealed slight

eft hemiparesis. A magnetic resonance imaging
can demonstrated small infarcts in the cerebral
hite matter in the posterior portion of the right

rontal lobe (Figure 1). Cerebral angiography re-
ealed 85% stenosis of the right cervical ICA and
3% stenosis of the left cervical ICA. Brain SPECT
emonstrated reduced CBF in the bilateral cerebral
emispheres (Figure 2 left). Each value was less
han the mean—2SD of the control value (Table 1)
5].

Sixty days after onset of the symptoms, the pa-
ient underwent a right CEA under general anesthe-
ia. An intraluminal shunt was not used. A single
olus of heparin (5000 units) was given before the
ight ICA was cross-clamped, and the heparin was
eversed using 30 mg of protamine sulfate after

1 Preoperative magnetic resonance scan showing
small infarcts in the cerebral white matter in the

osterior portion of the right frontal lobe.
eclamping of the ICA. The cross-clamping time was r
8 min. Intraoperative electroencephalographic
onitoring revealed no abnormal findings. The op-

ration was uneventful, and the patient did not ex-
erience new neurologic deficits upon recovery

rom anesthesia. SPECT obtained immediately after
EA showed an increase in right cerebral hemi-
phere CBF (1.3-fold control values, Table 1) except
n the right parietal lobe, where a wedge-shaped
erfusion defect was noted (Figure 2 middle). Sub-
equent computed tomography (CT) scan showed
o new abnormal findings. Magnetic resonance an-
iography revealed a widely patent right cervical
CA and no abnormal findings in the main trunks of
he intracranial arteries. Although intensive control
f blood pressure was not instituted after surgery,
ostoperative systolic blood pressure ranged from
20 to 140 mm Hg. Aspirin was reinitiated on the
rst postoperative day, but anticoagulation therapy
as not instituted.
The patient had an uneventful course until late on

he second postoperative day, when he experi-
nced abrupt worsening of his left-side hemipare-
is. A CT scan demonstrated a hematoma in the
ight parietal lobe, corresponding to the wedge-
haped perfusion defect noted on the postoperative
PECT study (Figure 3). Subsequent SPECT showed
large perfusion defect corresponding to the he-
atoma (Figure 2 right). The value of CBF in the

ight cerebral hemisphere (excluding the perfusion
efect) was essentially unchanged from postopera-
ive values (Table 1). A partial thromboplastin time
btained immediately after the occurrence of ICH
as within normal limits. The subsequent clinical
ourse was uneventful, and the patient experienced
radual improvement in his left-side motor
unction.

iscussion
ost authors recommend institution of strict con-

rol of postoperative blood pressure to prevent hy-
erperfusion syndrome and ICH [2,9,11,13–15]. In
ur institution, we measured cerebral perfusion
re- and postoperatively using SPECT in all patients
ndergoing CEA and utilized antihypertensive med-

cation postoperatively in patients diagnosed with
erebral hyperperfusion [6,7]. In our series of pa-
ients, post-CEA hyperperfusion was observed in
4%. While 21% of these patients developed cere-
ral hyperperfusion syndrome, none experienced

ntracerebral hemorrhage. Thus, cerebral perfusion
maging was performed immediately after CEA in
he present case despite the absence of new neu-

ologic deficits upon recovery from anesthesia.
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In the present case, the lack of ischemic changes
ith cross-clamping on electroencephalography

tudies and a wedge-shaped perfusion defect on
rain SPECT obtained immediately after surgery in-
icated the presence of perioperative cerebral isch-
mia likely secondary to cerebral embolism. The
PECT also demonstrated a 1.3-fold increase in ip-
ilateral cerebral hemisphere CBF when excluding
he area of the perfusion defect. Cerebral hyperper-
usion after CEA is defined as a CBF increase of

2 Serial quantitative cerebral blood flow images usin
SPECT showed reduced cerebral blood flow in th

mmediately after surgery showed recovery of perfusion
obe, where a wedge-shaped perfusion defect was note
emiparesis on the second postoperative day demonstr
ormal perfusion in the surrounding tissue (right).

1 Pre- and Postoperative Cerebral Blood Flow* Measu

BEFORE
SURGERY

IM
AFT

ight cerebral hemisphere† 27.3

eft cerebral hemisphere 28.5
*: mL/100g/min; †: except for a perfusion defect.
100% (i.e., a doubling) compared with preopera-
ive values [14]; thus, this patient did not exhibit
erebral hyperperfusion.
Henderson et al reviewed the clinical and radio-

ogic characteristics of patients with ICH following
EA and described several risk factors, including
erebral hyperperfusion, perioperative cerebral
schemia and anticoagulation therapy [4]. Further,
n that series of patients, at least two of these risk
actors were typically present in the context of ICH.

3I]N-isopropyl-p-iodoamphetamine SPECT. Preoperative
ilateral cerebral hemispheres (left). SPECT performed
e right cerebral hemisphere except in the right parietal
iddle). SPECT performed after worsening of left-sided
a large perfusion defect in the right parietal lobe and

Using Single Photon Emission Computed Tomography

IATELY
URGERY

TWO DAYS
AFTER SURGERY

CONTROL
(MEAN � SD)

6.0 36.2
35.9 � 4.4

9.6 31.4
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n particular, ICH in the setting of a perioperative
erebral ischemic event was always compounded
y the cerebral hyperperfusion and/or anticoagula-
ion therapy. Based on these findings, Henderson et
l conclude that an intraoperative cerebral isch-
mic event, in which damage to the microvascula-
ure also occurs, could compound the cascade of
vents caused by cerebral hyperperfusion following
eopening of a tight stenosis. Further, they specu-
ated that the mechanism of ICH could not be solely
ecause of hemorrhagic transformation of an in-

arct [4]. However, our patient experienced ICH af-
er CEA in the absence of cerebral hyperperfusion
r anticoagulation therapy. These findings suggest
hat perioperative cerebral ischemia caused by ce-
ebral embolism can be a sole cause of ICH after
EA.
In the present case, perioperative cerebral isch-

mia occurring in the right parietal lobe was asymp-
omatic, and the diagnosis was only established by
rain SPECT. Thus, this case demonstrates the util-

ty of cerebral perfusion imaging in the early iden-
ification of occult cerebral ischemia or hyperper-

3 A CT scan 2 days after surgery showing hemorrhage
in the right parietal lobe.
usion that may lead to ICH after CEA.
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