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Objective : Cerebral hyperperfusion syndrome (CHS) is a serious complication after carotid endarterectomy (CEA). However, the prevalence of CHS
has decreased as techniques have improved. This study evaluates the role of strict blood pressure (BP) control for the prevention of CHS.

Methods : All 18 patients who received CEA from February 2009 through November 2012 were retrospectively reviewed. All patients were routine-
ly managed in an intensive care unit by a same protocol. The cerebral perfusion state was evaluated on the basis of the regional cerebral blood flow
(rCBF) study by perfusion computed tomography (pCT) and mean velocity by transcranial doppler (TCD). BP was strictly controlled (<140/90 mm
Hg) for 7 days. When either post-CEA hyperperfusion (>100% increase in the rCBF by pCT or in the mean velocity by TCD compared with preoper-
ative values) or CHS was detected, BP was maintained below 120/80 mm Hg.

Results : TCD and pCT data on the patients were analyzed. Ipsilateral rCBF was significantly increased after CEA in the pCT (p=0.049). Post-CEA
hyperperfusion was observed in 3 patients (18.7%) in the pCT and 2 patients (12.5%) in the TCD study. No patients developed clinical CHS for one
month after CEA. Furthermore, no patients developed additional neurological deficits related to postoperative cerebrovascular complications.
Conclusion : Intensive care with strict BP control (<140/90 mm Hg) achieved a low prevalence of post-CEA hyperperfusion and prevented CHS.
This study suggests that intensive care with strict BP control can prevent the prevalence of post-CEA CHS.
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INTRODUCTION

Carotid endarterectomy (CEA) is a common revasculariza-
tion treatment for moderate to severe stenosis of the carotid ar-
tery*”. Among treatment-related complications, cerebral hyper-
perfusion syndrome (CHS) is a rare but major complication after
CEA because it is potentially devastating®?. The known mech-
anisms of CHS after CEA include diminished cerebrovascular
reserve, postoperative hypertension, and hyperperfusion lasting
more than several hours after CEA'"522%2_ Another possible
mechanism involves reperfusion by clamping and declamping
the internal carotid artery, which produces oxygen-derived free

radicals'®*". CHS is traditionally characterized by an ipsilateral
throbbing headache, eye and face pain, seizures, and focal neu-
rological deficits related to cerebral edema or intracerebral hem-
orrhage (ICH)>320#3%33)_ The reported prevalence of CHS, re-
gardless of revascularization method, varies from 0% through
18.99!6:11-1318-222425333%) Because the diagnosis of CHS is based
on several nonspecific symptoms and the diagnostic definition
is not strict, patients may sometimes be misdiagnosed.

Possible risk factors of CHS include hypertension, diabetes
mellitus, old age (=72 years), contralateral carotid occlusion, and
use of anticoagulant or antiplatelet therapy*”. Due to improve-
ments in surgical skill and postoperative care, the prevalence of
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CHS appears to have decreased. The authors of two recent stud-
ies reported that no patients had CHS after CEA or carotid
stenting'**”. Other investigators have suggested that CHS is a
preventable cause of perioperative stroke following CEA?. The
aim of this study was to evaluate the role of current intensive
care protocols with strict blood pressure (BP) control for CEA
to prevent CHS.

MATERIALS AND METHODS

We retrospectively reviewed the records of all patients receiv-
ing CEA at our hospital from February 2009 through Novem-
ber 2012. CEA was indicated due to transient ischemic attack
(TTA), mild cerebral infarction with ipsilateral carotid stenosis
(>60%), or high-grade carotid stenosis (>60%) without associ-
ated symptoms'”. Cerebral blood flow (CBF) was measured as
regional cerebral blood flow (rCBF) by perfusion computed to-
mography (pCT) and mean velocity (Vmen) by transcranial dop-
pler (TCD) preoperatively (within 1 month before CEA) and
postoperatively (within 1 week after CEA). A total of 18 patients
received CEA at our institution over the 4-year review period.
Among the patients, 16 patients who were fully evaluated were
enrolled in this study. Patient demographics, clinical presenta-
tion, stenosis severity, radiological studies, and operative vari-
ables were reviewed for each case.

Definition of study end points

Post-CEA hyperperfusion (PHP) has been defined by 2 stan-
dards : 1) >100% increase in rCBF in the anterior cerebral ar-
tery (ACA) territories compared with the preoperative value by
perfusion CT>); and 2) >100% increase of the preoperative
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Fig. 1. Algorithm for the treatment of patients after CEA. CEA : carotid
endarterectomy, ICU : intensive care unit, BP : blood pressure, TCD :
transcranial doppler, CHS : cerebral hyperperfusion syndrome, CT : com-
puted tomography.

Vimean in the middle cerebral artery (MCA) without clinical
symptoms by TCD*). The definition for CHS requires the ful-
fillment of the following four criteria® : 1) occurrence within 30
days after CEA; 2) evidence of hyperperfusion on TCD, pCT
imaging, or systolic BP >180 mm Hg; 3) clinical features such as
new headache, seizure, hemiparesis, Glasgow Coma Scale <15,
or radiological features such as cerebral edema or ICH; and 4)
no evidence of new cerebral ischemia, postoperative carotid oc-
clusion, and metabolic or pharmacologic causes.

Intra- and post-operative management

CEA was performed using the traditional method as described
in a previous study'”. During CEA, a neurologist monitored the
electroencephalograms of all patients. The carotid artery was
closed primarily without a graft. Shunts were not typically used
during the CEA. If the clamping time passes above 25 minutes, a
silicone shunt was placed. After CEA, all patients were trans-
ferred directly to an intensive care unit (ICU) because strict BP
control is sometimes difficult when patients come out of anes-
thesia.

The postoperative management protocol is shown in Fig. 1.
All patients were managed routinely under continuous sedation
for several hours after CEA in the ICU. BP was monitored con-
tinuously and strictly controlled (<140/90 mm Hg). Anti-hyper-
tensive treatment consisted of intravenous labetalol (first choice)
continuous infusion and/or bolus infusion. If BP was not con-
trolled, oral clonidine was added. If BP was within the required
limits, intravenous anti-hypertensive treatment was tapered as
soon as possible and an oral beta-blocker (labetalol or metopro-
lol) was started. When CHS was detected, postoperative sys-
temic BP was more stringently controlled to maintain it below
120/80 mm Hg. The cerebral perfusion state was routinely eval-
uated by pCT at postoperative 2 days and TCD at postoperative
0,2, and 7 days after CEA or on detecting CHS.

Statistical analysis

SPSS (version 20.0, 2011; SPSS Inc., Chicago, IL, USA) was
used for statistical analysis. The preoperative and postoperative
CBFs were compared using a paired t test. Differences with a p
value of less than 0.05 were considered statistically significant.
The values are presented as the meantstandard deviation.

RESULTS

A total of 16 patients was analyzed in this study. The patient de-
mographics are summarized in Table 1. The patient population
consisted of 12 men and 4 women ranging in age from 59 to 81
years (meanzstandard deviation, 70.4+6.4 years). Severity of ip-
silateral internal carotid artery (ICA) stenosis was ranged from
60% to 99% (meanztstandard deviation, 79.4+12.2%). Comor-
bidities associated with carotid disease, such as hypertension
(75.0%) and diabetes mellitus (50.0%), were common among the
patients. The indications for CEA were asymptomatic ICA ste-
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nosis (4 patients, 25.0%), recent minor stroke (7 patients, 43.8%),
and TIA (5 patients, 31.3%). TIA presented as hemiparesis in 3
patients, amaurosis fugax in 1 patient, and hemiparesthesia in 1
patient.

Post-CEA Vimean change on the MCA territory by the TCD was
shown in Fig. 2. Among 16 patients, 2 patients (12.5%) devel-
oped post-CEA hyperperfusion by the TCD. One patient was a
68-year-old man and had a history of transient left hemiparesis.
His right ICA stenosis was 70.0%. He has taken antihyperten-
sive medications. Post-CEA hyperperfusion was detected by
the TCD on the second postoperative day and was normalized
on the seventh postoperative day. The other patient was a 76-year-
old man and had left hemiparesis. His right ICA stenosis was
86.2%. He had no underlying disease. Post-CEA hyperperfu-
sion was detected by the TCD on the seventh postoperative day.
These 2 patients had uneventful postoperative courses and did
not developed clinical CHS for one month after CEA.

Post-CEA mean rCBF change on the ACA territory was mea-
sured by pCT in Fig. 3. Bilateral ACA blood flows increased.
The mean rCBF on the ipsilateral side increased from 45.3 to
70.1 mL/100 g/min after CEA, which has a statistical signifi-
cance (p=0.049). The mean rCBF on the contralateral side in-
creased from 50.3 to 70.1 mL/100 g/min after CEA (p=0.221).
PHP was observed in 3 cases (18.7%) on the pCT result of the
16 patients. Among 3 patients, 68-year-old and 76-year-old men
who also showed PHP by the TCD presented CBF increment as
183.5% and 150.8%, respectively. The other patient is a 65-year-
old man and had right amaurosis fugax. His right ICA stenosis
was 84%. Ve of the patient was not met the criteria for PHP.
No patients developed additional neurological deficits related
to postoperative cerebrovascular complications. No morbidity
or mortality was observed in the present series.

DISCUSSION

Many investigators have analyzed the prevalence and risk fac-
tors of CHS. Almost all studies suggested that strict BP control
was the most important and was a mainstay of post-CEA man-
agement”>'#2>273) However, we do not know how to best man-
age the patients underwent CEA : the targets for blood pressure
levels after CEA (to prevent postoperative ischemic stroke risk
and at the same time avoid cerebral hyperperfusion) are not
well defined?®. The meta-analysis study reported that there is
no published case of CHS below systolic BP of 135 mm Hg®. In
the literature review, 2 studies used a guideline as systolic BP
<160 mm Hg and showed 5.0% of CHS in Table 2**). Three
studies complied with BP guideline as systolic BP <140 mm Hg
and systolic BP was more stringently controlled to lower than
120 mm Hg when post-CEA hyperperfusion was detected"'>*.
The CHS incidence of these studies is 1.9%, 0.5%, and 0%. Our
study also complied with this BP guideline and accomplished
0% of CHS.

In order to control increased BP, one book suggested that nica-
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Table 1. Patient demographics

Characteristics Value
Cases 16
Age, years (mean+SD) 70.4+6.4
Gender (male/female) (%) 12/4 (75.0/25.0)
Hypertension (%) 12 (75.0)
Diabetes mellitus (%) 8 (50.0)
Preoperative symptom/sign

TIA (%) 5(31.3)

Recent minor stroke (%) 7 (43.8)

Asymptomatic (%) 4(25.0)
Degree of stenosis (mean+SD)* 79.4+122

*Degree was evaluated according to the North American Symptomatic Carotid
Endarterectomy Trial (NASCET). SD : standard deviation, TIA : transient ischemic
attack
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Fig. 2. Typical pattern of changes in Vmean after CEA by TCD. TCD shows
the development of PHP in 2 patients (asterisks). CEA : carotid endarter-
ectomy, TCD : transcranial doppler, PHP : post-CEA hyperperfusion.
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Fig. 3. Comparison of preoperative and postoperative CBF status; mean
CBF at the ipsilateral side increased by 54.8%. The CBF increase on the
ipsilateral side to CEA is statistically significant (p=0.049). The CBF on
the contralateral side also increased by 31.2% after CEA (p=0.221).
*Statistically significant difference between preoperative and postopera-
tive CBF. CBF : cerebral blood flow, CEA : carotid endarterectomy.
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Table 2. The relation with blood pressure control and cerebral hyperperfusion syndrome

Year Authors Method CHS (%) BP guideline
2000 Meyers et al. CAS 5.0 <160/100 mm Hg
2000 Morrish et al. CAS 39 “BP was monitored and controlled”
2003 Coutts et al. CAS 6.8 “Aggressive control of blood pressure”
CEA 3.1
2004 Abou-Chebl et al. CAS 1.8 SBP <120 mm Hg (or BP decreased until CHS relived)
2006 Terada et al. CAS 1.9 SBP <140 mm Hg
SBP <120 mm Hg (if hemorrhage occur)
2007 Abou-Chebl et al. CAS 1.9 BP <140/90 mm Hg
0.5 BP <140/90 mm Hg
BP <120/80 mm Hg (high risk* for CHS)
2007 Ogasawara CAS 1.1 N/A
CEA 1.9 The strict BP control group developed significantly rare ICH
2008 Miyamoto et al. CAS SBP <120 mm Hg
2009 Kawamata et al. CEA SBP 110-140 mm Hg
SBP <120 mm Hg (when CHS detected)
2012 Maas et al. CEA 1.7 N/A
2012 Pennekamp et al. CEA 5.0 SBP <160 mm Hg

and 20% below the preoperative BP

*High-risk criteria included the presence of hypertension at baseline, a treated carotid stenosis of >90%, poor collateral blood flow, or contralateral carotid stenosis
>80%. CHS : cerebral hyperperfusion syndrome, BP : blood pressure, CAS : carotid artery stenting, N/A : not addressed, CEA : carotid endarterectomy, SBP : systolic

blood pressure, ICH : intracerebral hemorrhage

rdipine (calcium antagonists) was the agent of choice®. However,
van Mook et al.* insisted that many drugs commonly used for
treatment of hypertension such as calcium antagonists and di-
rect vasodilators (for example, nitroprusside or glycerol trini-
trate) are contraindicated on theoretical ground. They suggest-
ed beta blocker such as labetalol for control PHP*". Another
paper addressed nitroglycerin (vasodilator) was used without
complication". Labetalol is usually used in many studies. Effica-
cy and safety of other medications are need to further studies.

In terms of postoperative care at an ICU, the current Ameri-
can Heart Association guidelines” for CEA state that patients
who undergo CEA should use ICU resources as recommended
in major surgical texts. We continuously monitored and con-
trolled BP immediately using intravenous beta blockers for 2
days after CEA in the ICU, followed by oral or intravenous anti-
hypertensive medications in a general ward. ICU care can also
offer that medical attendees are checking the CHS under con-
stant surveillance.

Three limitations should be addressed regarding the present
study. First, the present investigation was retrospective and not
fully controlled, as other medications, including antiplatelet ther-
apy or anticoagulants, were occasionally used. Therefore, the re-
sults of the present study are not definitive. Second, the CBFs in
this study were analyzed according to the classic region of inter-
est (ROI) method, in which ROIs are drawn manually as a way to
solve visual assessment. However, this method has been shown
to suffer from significant intra-observer and inter-observer
variation'®. Finally, vascular reactivity is also important to PHP.
However, single-photon emission computed tomography was

not available in our institute during the study period and this
study could not contain the result.

CONCLUSION

Rigorous blood pressure control remains the mainstay of treat-
ment. Intensive care with strict BP control (<140/90 mm Hg)
achieved a low prevalence of post-CEA hyperperfusion and pre-
vented post-CEA CHS. This study suggests that intensive care
with strict BP control can prevent the prevalence of post-CEA
CHS.
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