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The hyperperfusion syndrome is a rare delayed postoperative complication of carotid endar-
terectomy (CEA) characterized by headache and seizure, with or without intracranial edema or
hemorrhage. Between January 1996 and December 2003, 1,602 CEAs were performed. Six
patients (0.4%) developed symptoms of hyperperfusion within 2 weeks of surgery. All patients
had critical stenoses, five ‡90% and one 80-90%, with poor backbleeding from the distal internal
carotid artery noted at operation in all cases. Five patients were asymptomatic prior to operation;
one had a hemispheric transient ischemic attack. Three patients had severe contralateral
internal carotid disease (two occlusions and one severe stenosis). Two patients developed
severe, self-limiting headache that prolonged hospitalization. Three patients had ipsilateral
intracranial bleeding, two occurring after an uneventful postoperative course. After initial dis-
charge from the hospital, severe intracranial hemorrhage caused death in two patients. One
patient experienced focal seizures 1 week after discharge. Hypertension did not appear to be
related to the symptoms in any case. During the study period, the hyperperfusion syndrome
caused three of five perioperative strokes (60%) and two of seven deaths (29%) in the entire
endarterectomy population. Although rare, the hyperperfusion syndrome accounts for a signif-
icant percentage of the neurological morbidity and mortality following CEA.

INTRODUCTION

In 1975, Sundt et al.1 proposed a syndrome of hyp-

erperfusion as the cause of seizures after carotid

endarterectomy (CEA) in five patients with high-

grade stenoses and small preoperative infarcts All

patients had a significant increase in ipsilateral

cerebral blood by xenon-133 washout and marked

increases in retinal artery pressure. During the same

year, Leviton et al.2 described a patient who com-

plained of severe frontal headaches lasting 2 weeks

that began 3 days after endarterectomy. The head-

aches were thought to result from opening of col-

lateral vessels and distention of a vascular bed with

‘‘disordered autoregulation.’’ This is analogous to

the ‘‘normal perfusion pressure breakthrough the-

ory’’ proposed by Spetzler et al.3 to explain massive
cerebral edema and hemorrhage after repair of a
chronic arteriovenous malformation. Prolonged
exposure of the arterial bed to low pressure may re-
sult in loss of the normal autoregulatory capacity that
maintains constant cerebral blood flow over a range
of perfusion pressures. Significant, abnormal in-
creases in ipsilateral cerebral blood flow in patients
with hyperperfusion symptoms have been docu-
mented with transcranial Doppler,4-12 xenon wash-
out,13 duplex scan,14 transit time flowmeter,15 single
photon emission computerized tomography (SPECT)
scanning,16,17 and diffusion-weighted magnetic reso-
nance imaging (MRI).18 Examination of autopsy
specimens after fatal hyperperfusion syndrome re-
veals pathology characteristic of malignant hyper-
tension, including fibrinoid necrosis, endothelial cell
edema and hyperplasia, margination and extravasa-
tion of neutrophils, and marked cerebral edema.19,20

The hyperperfusion syndrome has been described
after a variety of procedures that improve flow to a
chronically ischemic hemisphere, including carotid
stenting,21-26 subclavian-carotid bypass,27 extracra-
nial-intracranial bypass,15 and innominate endarter-
ectomy.28 An analogous ocular hyperperfusion
syndrome has been described after endarterec-
tomy.29,30
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The incidence of hyperperfusion syndrome after

CEA is unclear due to the predominance of case

reports and a lack of consensus regarding diagnostic

criteria. The classic manifestations of the syndrome

are postoperative seizures, in the absence of a

structural abnormality, or intracranial hemorrhage.

In series larger than 400 patients, the incidence of

hyperperfusion seizures or hemorrhage ranges 0.3-

2.0%.14,31-41 However, other symptoms, such as

severe headache, nausea and transient ischemic

attacks, may result from hyperperfusion with or

without radiological signs of cerebral edema.42 We

have reviewed our experience with six patients

whose delayed postoperative morbidity and mor-

tality were related to repair of a critical internal

carotid stenosis.

PATIENTS AND METHODS

Basic demographic information was accumulated

prospectively for the 1,602 CEAs performed by a

single practice from January 1, 1996, until

December 31, 2003. Ninety-seven percent of the

procedures were primary operations; 3% were for

recurrent stenosis. The indications for operation

were asymptomatic stenosis ‡60 in 72%, transient

ischemic attack in 14%, ipsilateral amaurosis fugax

in 5%, and recovered small stroke in 9%. All pa-

tients were on aspirin or clopidogrel prior to end-

arterectomy unless coronary artery bypass or major

abdominal operations were planned within 1 week.

During the endarterectomy, all patients were sys-

temically heparinized and had intraluminal shunts.

Protamine was routinely administered after com-

pleting the reconstruction. A DacronTM patch was

used to close the arteriotomy in 99% of the oper-

ations. Low-molecular weight dextran was infused

at 50 ml/hr, beginning during the endarterectomy

and continuing for 5 hr after the procedure. The

majority of patients were discharged on the first

day after the operation.

The records of patients with suspected hyper-

perfusion syndrome were reviewed retrospectively.

Hyperperfusion syndrome was defined as severe

headaches that significantly prolonged the patient�s
hospitalization, new-onset seizures, or intracranial

hemorrhage that developed after completion of the

endarterectomy.

RESULTS

During the 7-year study period, there were seven

deaths (0.4%) and five strokes (0.3%), three major

and two minor. Three of the major strokes caused

death, resulting in a combined stroke/mortality rate

of 0.6%. Six patients were diagnosed with hyper-

perfusion syndrome, resulting in one minor stroke

and two fatal strokes. The history and clinical

course for each patient are given in chronological

order and summarized in Table I. None of the pa-

tients was significantly hypertensive (>160 mm Hg

systolic) during the onset of symptoms.

Case 1

A 76-year-old man had a duplex scan which

showed a ‡95% left internal carotid stenosis.

Transcranial Doppler study prior to reconstruction

showed low velocities in the left middle cerebral

artery (MCA) (mean 64 vs. 104 cm/sec in the

contralateral MCA). At operation, the stenosis was

considered preocclusive and the backbleeding was

poor. His postoperative course was unremarkable.

Eight days after his CEA, he was readmitted with

focal seizures involving the right arm. A duplex

scan showed a normal reconstructed left carotid

artery. Computed tomographic (CT) scans on the

ninth and tenth postoperative days were negative.

He was treated for 3 months with phenytoin

(Dilantin) and did not have any further neurolog-

ical symptoms.

Case 2

A 76-year-old man had a transient episode of left

arm weakness. A duplex scan, corroborated by arch

angiography, showed 95% right internal carotid

stenosis, occlusion of the left internal carotid, and

retrograde flow in the left vertebral artery second-

ary to subclavian artery occlusion. MRI showed

chronic ischemic changes in the right parietal lobe.

At the time of right CEA, the backbleeding was

noted to be fair. The patient was discharged on the

first postoperative day without complaints. Two

days later, without preceding symptoms, he had a

massive right intracranial bleed and was admitted

to another hospital. Supportive care was given, and

he died without intervention.

Case 3

An asymptomatic 72-year-old woman had the first

of two critical carotid stenoses reconstructed. She

complained of severe headaches immediately after

her endarterectomy. Head CT and MRI scans were

both normal. A transcranial Doppler exam was

limited by the lack of a temporal window. Addi-

tional ß-blockade was added to her antihyper-

tensive regimen to maintain her blood pressure

under 140 systolic. She was discharged 2 weeks

after operation with persistent headaches, which
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abated over the ensuing month. The contralateral

carotid was repaired 6 months later without inci-

dent.

Case 4

A 54-year-old man admitted for elective coronary

artery bypass had a routine duplex scan showing

>95% right carotid stenosis and left carotid occlu-

sion. Staged carotid and coronary artery recon-

struction was planned. After induction of

anesthesia, the blood pressure dropped and the

cardiac monitor suggested ischemia. Following

right CEA, he had emergent three-vessel coronary

bypass, mitral valve repair, and tricuspid valve

replacement. Although the patient was initially

intubated for 2 days, he appeared grossly neuro-

logically intact until 3 days after his procedure. He

became confused and was found to have a new left

arm and leg weakness. A CT scan showed a small

hemorrhage in the right parietal lobe. Carotid du-

plex scan showed a patent internal carotid artery.

He was transferred to an acute rehab unit 1 week

later with subsequent complete neurological

recovery.

Case 5

A 65-year-old woman had reconstruction of an

asymptomatic 90% right internal carotid stenosis.

Although the vertebral arteries were patent and

the contralateral carotid had only minimal steno-

sis, the backbleeding from the distal internal car-

otid was negligible. The patient did not have

complaints immediately after her procedure. The

following day, she began having severe right

frontal and retrobulbar pain associated with nau-

sea. A carotid duplex showed normal flow in the

patched carotid artery. An MRI scan (Fig. 1A) on

the third postoperative day was normal. Systolic

blood pressure was maintained below 140 mm Hg

throughout her hospitalization. Magnetic reso-

nance angiography showed a hypoplastic A1 seg-

ment of the right anterior cerebral artery but no

evidence of aneurysm. The patient was discharged

the following day when she claimed that her

symptoms had resolved. Later, the patient�s family

suggested that she denied continued symptoms in

order to leave the hospital. She was admitted to

another facility 6 days after the original procedure

with a large right frontal intracerebral hemorrhage

with brain stem herniation (Fig. 1B). She had

emergent evacuation of her hematoma, but post-

operative nuclear flow studies and clinical exam

were consistent with brain death.T
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Case 6

A 76-year-old woman was admitted with new-

onset tonic-clonic seizure activity related to an old

left hemisphere infarct. The stroke occurred 1 year

prior, resulted in moderate expressive aphasia, and

was thought to be due to atrial fibrillation. During

this hospitalization, she was found to have an

asymptomatic 80-90% right internal carotid ste-

nosis and minimal left carotid disease on duplex

scan. MRI showed no acute changes. An electro-

encephalogram revealed left frontal slowing con-

sistent with her old infarct. Three month later,

without any further seizure activity, she had a

prophylactic right CEA. Very poor intracranial

backbleeding was noted on placement of the in-

traluminal shunt. The first day after operation, she

had severe ipsilateral frontal and retrobulbar

headaches, poorly controlled by analgesics. A du-

plex scan of the repaired artery was normal. CT on

the third postoperative day and MRI a day later did

not show any new findings. Her blood pressure was

well controlled throughout her hospitalization.

Four days after the endarterectomy, she was given

topiramate, an anticonvulsant with carbonic an-

hydrase inhibitory effects which is useful for mi-

graine headaches. Her symptoms resolved, and she

was discharged the following day, with no sub-

sequent problems.

DISCUSSION

As techniques improve and the indications for

intervention have been refined, the perioperative

stroke and mortality rates associated with CEA

have declined significantly over the last 20

years.43-48 Between 1991 and 2000, the national

30-day mortality rates after CEA in Medicare pa-

tients declined by >50%.48 Although national

stroke data are not available, audits of large insti-

tutional experiences have confirmed the down-

ward trend in surgical stroke risk.47,49 Between

1984 and 1989, our perioperative stroke rate

among 738 patients was 2.6% compared to the

current rate of 0.3% between 1996 and 2003.50 We

attribute this improvement to a combination of

experience and technical factors, including

administration of intravenous low-molecular

weight dextran and routine Dacron patching of the

arteriotomy. With a reduction in technical errors,

the hyperperfusion syndrome has assumed a major

role in the morbidity and mortality of a procedure

that remains under intense scrutiny. In three re-

Fig. 1. Postoperative cerebral imaging of case 5. A MRI of brain on postoperative day 3. B CT scan of the brain on

postoperative day 6, showing large right frontal hemorrhage with brain stem herniation.
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cent reviews, hyperperfusion caused 22-50% of

postendarterectomy strokes.31,51,52

The keys to reducing morbidity related to hyp-

erperfusion are to identify patients at risk and

institute effective, early therapy. The most dreaded

complication is intracerebral hemorrhage, which

carries a >50% chance of death or permanent

neurological deficit. Until the mid-1970 s, most

postoperative hemorrhages were due to early

operation after major strokes. Bruetman et al.53

emphasized the need to delay endarterectomy for at

least 2 weeks after stroke. Currently, most delayed

hemorrhages are unrelated to prior infarcts or in-

traoperative technical factors and are presumably

consequences of hyperperfusion.7,33,34,37-39 The

only uniform risk factor is repair of a critical carotid

stenosis. In all reported cases, the ipsilateral stenosis

was at least 80%; the overwhelming majority are

>90%. Most cases are associated with a contralat-

eral occlusion or critical stenosis. In our experience,

all patients with postoperative hyperperfusion

symptoms had evidence of low hemispheric perfu-

sion pressure determined by subjective assessment

of the distal internal carotid backbleeding. Although

this information is not available for all 1,602 end-

arterectomy patients in this series, an intraoperative

finding of poor backbleeding is more common in

the hyperperfusion subset and indicates an

uncommon pathophysiological milieu. Stump

pressures measured by Nielsen et al.54 in five pa-

tients with postoperative seizures were 20-42 mm

Hg, with four being <35 mm Hg.

Three of our patients had severe postoperative

headache, one of whom died due to intracerebral

hemorrhage. Although headache is frequently re-

ported as a precursor to seizures or hemorrhage, it

is a nonspecific finding. Postoperative headache,

usually frontal and bilateral, occurs in 42-62% of

patients after endarterectomy.55,56 In the current

series, the characteristic that differentiated the

hyperperfusion patients was the magnitude of the

headache. Each patient was incapacitated by the

headaches, a presentation not seen in our patients

with lesser degrees of carotid stenosis.

A variety of techniques have been employed to

identify patients at risk for hyperperfusion syn-

drome. Transcranial Doppler has been used, pri-

marily in Europe, to identify patients with

increased ipsilateral intra- and postoperative MCA

flow.5-7,9,11,57 Based on a retrospective study from

the same institution,7 Dalman et al.5 prospectively

measured intraoperative changes in peak flow

volume (PFV) and the Golsing pulsatility index (PI)

in the ipsilateral MCA before test clamping of the

carotid artery and 3 min after clamp release at

completion of the endarterectomy. The PI is cal-

culated by comparing the difference in flow

velocity between systole and diastole with mean

velocity and relates to arterial resistance. Patients

with increases in PFV or PI of >100% were treated

aggressively to maintain systolic blood pressure

<140 mm Hg. Of 62 patients considered at risk, 11

had postoperative headache and three had seizures,

but no patient had intracerebral hemorrhage. The

threshold for developing hyperperfusion syndrome

may be lower in patients who present with hemi-

spheric symptoms prior to endarterectomy. Symp-

tomatic patients demonstrate greater increases in

PFV and PI than asymptomatic patients.58 Preop-

erative symptomatic status did not appear to be a

factor in our experience as five of the six patients

underwent endarterectomy for asymptomatic ste-

nosis. While serial transcranial Doppler exams

show promise in identifying postendarterectomy

patients at risk, this technology has not gained

widespread acceptance in the United States.

Transcranial regional cerebral oxygen saturation

monitoring via near-infrared spectroscopy was re-

cently used to examine 50 patients undergoing

carotid endarterectomy.59 Hyperperfusion, defined

as an increase in cerebral blood flow of >100%, was

observed in six patients, one of whom developed

seizures on the sixth postoperative day. No other

patient developed symptoms of hyperperfusion.

The critical issue in limiting morbidity from

intracranial hemorrhage is whether antihyperten-

sive treatment is effective treatment or prophylaxis.

The onset of hyperperfusion symptoms is fre-

quently said to coincide with hypertensive epi-

sodes. This finding results in the recommendation

to aggressively treat blood pressure in postendar-

terectomy patients with headache or seizures or

who are identified by noninvasive technology to

have evidence of significantly increased cerebral

blood flow.5,7,9,36,37,39,54,57,60 However, we and

others have not seen a relationship between the

onset of hyperperfusion symptoms and hyperten-

sion.14,16,17,19,33,38,61 Over the last 10 years, a

routine order set that includes an antihypertensive

regimen has resulted in tighter blood pressure

control in our patients. Ogasawara et al.16 used

SPECT scanning to identify patients with increased

cerebral blood flow. Patients considered at risk of

developing symptoms had systolic blood pressure

controlled in the range of 100-140 mm Hg by

intravenous nicardipine. If hyperperfusion per-

sisted after 3 days, the systolic blood pressure was

maintained below 90 mm Hg. Despite this rigorous

control, two of eight at-risk patients developed

seizures and transient ischemic attacks.
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Anesthetic management may have a role in

limiting the risk of hyperperfusion. Volatile anes-

thetic agents that produce cerebral vasodilation,

particularly isoflurane, exacerbate the loss of cere-

bral autoregulation and should be limited to low

doses5,62. Regional anesthesia may reduce the risk

of hyperperfusion by preventing the anesthetic ef-

fects on cerebral blood flow.60 It is unclear whether

early contralateral endarterectomy increases the

risk of hyperperfusion syndrome. Ascher et al.14

found that in patients having bilateral carotid

endarterectomy within 3 months the risk was

14.3% compared to 0% with longer intervals be-

tween operations. This is in contrast to two other

series where the interval between operations was

1-8 days, with a 1% incidence of hyperperfusion

injury.63,64

We believe that it is possible to identify patients

at risk by anatomical and intraoperative findings.

Patients with critical stenoses who have evidence of

poor collateral flow either by subjective evaluation

of backbleeding, objective measurement of stump

pressure, or neurological impairment after carotid

clamping in an awake state should have blood

pressure carefully monitored. Unless contraindi-

cated, addition of ß-blockers in the postoperative

period may be prudent. Whether maintaining

blood pressure below standard postoperative levels

will reduce the incidence or severity of the hyper-

perfusion syndrome is unproven.
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