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Abstract. – BACKGROUND: There are two
equivalent in efficacy methods of the treatment
of carotid artery stenosis: endarterectomy
(CEA) and stenting (CAS), in which the blood
flow increases in most patients by 20-40% over
baseline, in some exceeding 100% and being
symptomatic and leading to cerebral hyperper-
fusion syndrome (CHS).

AIM: The aim of this study is to analyze the
structure of neurological symptoms associated
with CHS in patients with carotid artery revas-
cularization.

PATIENTS AND METHODS: Retrospective
analysis included 1386 consecutive patients
treated in the Department of General and Vas-
cular Surgery between 2005 and 2011, with 625
of them were subjected to CEA and 761 to CAS.
If neurological symptoms occurred, patients
were consulted by a neurologist and ultra-
sonography (USG) examination and CT were
performed. Neurological symptoms in patients
with new onset of headache ipsilateral to the
carotid revascularization were extracted from
medical records and nursing documentation.

RESULTS: Neurological symptoms attributed
to CHS were observed in 66 (10.6%) of CEA and
61 (8.0 %) of CAS group. The frequency was
similar in both groups (p = 0.43). The occur-
rence of epileptic attacks was similar in both
study groups. The only difference was the less
frequent falling of the lip in CAS group. Tran-
sient bradycardia and/or hypotension were ob-
served in CAS (8.8% vs. 10.4% and 1.3% vs.
1.3%, respectively). No difference in stroke ap-
pearance between groups were found.

CONCLUSIONS: The occurrence of neurolog-
ical symptoms attributable to cerebral hyper-
perfusion syndrome after carotid artery revas-
cularization in short term observation is similar
regardless of the method used.
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Introduction

There are two equivalent in efficacy methods
of the treatment of carotid artery stenosis: en-
darterectomy (CEA – carotid endarterectomy)1,2

and stenting (CAS – carotid stenting)3,4. After
carotid revascularization the blood flow increases
in most patients by 20-40% over baseline, lasting
for several hours5. In some, hyperaemia occurs
with an increase of cerebral blood flow to levels
of 100-200% over baseline4 and falls to a steady
state by several postoperative days but can last up
to 2 weeks6. Intracranial vascular bed hyperper-
fusion (> 100% increase over baseline), especial-
ly in vertebrobasilar circulation7 occurs in a sub-
set of these patients and a few of them become
symptomatic6.

Both procedures may cause cerebral hyperper-
fusion syndrome (CHS)8,9 defined as increase in
cerebral blood flow (CBF) over 100% compared
to baseline with new onset of headache ipsilateral
to the carotid revascularization with or without
focal neurological deficits and seizures10 (eye and
face pain, vomiting, confusion, visual distur-
bances, focal neurological deficits, focal motor
seizures and intracerebral or subarachnoid haem-
orrhage)5. Most studies report up to 3% preva-
lence11,12. Potential risk factors for the develop-
ment of CHS include comorbidity (i.e. diabetes
mellitus, hypertension, patients before CABG
(coronary artery bypass graft) with low ejection
fraction (EF) and medication, and flow-related
factors associated with operative technique. It
seems that factors like diminished cerebrovascu-
lar reserve, postoperative hypertension, and hy-
perperfusion that lasts more than several hours5

play a crucial role. It is thought that CHS results
from loss of vascular autoregulatory mechanisms
in chronically hypoperfused hemisphere8.
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However, the symptoms of CHS are non-spe-
cific and may be treated as the symptoms of oth-
er post-operative complications (neurogical
deficit after stroke, hypotension)5.

The aim of this study is to analyze the struc-
ture of neurological symptoms attributable to
CHS in patients with carotid artery stenosis treat-
ed by carotid endarterectomy and percutaneous
carotid angioplasty.

Patients and Methods

Retrospective analysis included 1386 consec-
utive patients treated for stenosis within extracra-
nial segment of internal carotid artery in the De-
partment of General and Vascular Surgery of
Medical University of Silesia in Katowice be-
tween 2005 and 2011, with 625 of them were
subjected to carotid endarterectomy (CEA) and
761 to percutaneous carotid angioplasty and
stenting (CAS).

321 (23.1%) patients (176 before CEA, 145
before CAS) reported past stroke and/or transient
ischaemic attack (TIA), in 234 neurological
deficits were observed and were not evaluated by
the neurologist before revascularization proce-
dure as neurological tests were not performed
routinely before revascularisation procedure.

In all the patients the grade of the carotid
artery stenosis was verified by duplex-ultrasound
according to NASCET (The North American
Symptomatic Carotid Endarterectomy Trial) cri-
teria. Qualification of the patients for reconstruc-
tive procedure was the degree of stenosis > 60%
qualified patients for CABG and > 70% in the
patients with neurological complaints. The
choice of the procedure was based on the analy-
sis of plaque intra-luminal surface (Rutherford
classification)13 and grey-scale median score
(GSM) echogenicity score14. Those with a score
below 25, typical for unstable plaque, were re-
ferred to the eversion method of CEA, while the
others to CAS.

Reconstructive procedure
All the patients qualified for CAS received

acetylsalicylic acid (150 mg daily) and clopido-
grel (75 mg daily) for at least two days before the
procedure. Eversion CEA was performed in local
anesthesia with maintained verbal contact during
the procedure. Before probationary clamping of
common carotid artery 5,000 units of unfraction-
ated heparin (UFH) was given intravenously. On-
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ly in 3 patients the necessity of shunt during the
procedure occurred.

CAS procedures were performed with neuro-
protection preferentially by the right femoral
artery in radiology operating theater. Each patient
received intravenously 2500 units of UFH after
cannulation of femoral artery and 0.5-1.0 mg of
atropine directly before stent implantation. All
endovascular procedures were performed with
distal neuroprotection.

Data collection
Restrictive post-procedure observation was

carried out in intensive care unit (ICU) during
first 24 to 48 hours after revascularization, ini-
tially by anesthesiologist (first 2 h), then by a
physician, neurologist and experienced nurse
team at conditions of increased postoperative sur-
veillance. Patients remained under the supervi-
sion of a cardiologist and a neurologist, and qual-
ified team of nurses. If neurological symptoms
occurred, each patient was consulted by a neurol-
ogist and USG examination (to exclude thrombo-
sis) and CT were performed to exclude ischemic
and/or hemorrhagic stroke. The CT imaging was
repeated after 24 h.

Neurological sign and symptoms were ex-
tracted from medical records and nursing docu-
mentation. Those not related to ischemic stroke
were attributed to hyperperfusion syndrome
(CHS) when occurred in a patient with new onset
of headache ipsilateral to the carotid revascular-
ization.

Statistical analysis
Statistical analysis was performed using the

software package Statistica 8.0 PL (StatSoft Inc.,
Tulsa, OK, USA). Results are presented as mean
values or percentages for CEA and CAS groups,
separately. Chi2 and t-test were applied. The value
of p < 0.05 is deemed as statistically significant.

Results

Study group characteristics
Patients qualified for CAS were slightly older

and had significantly tighter carotid artery steno-
sis in average. The prevalence of hypertension,
chronic kidney disease, peripheral arterial dis-
ease, past stroke episodes was greater, but the
percentage of past myocardial infarcts and coro-
nary revascularisation procedures was smaller in
CEA than CAS group (Table I).



Neurological symptoms
associated with CHS

Neurological symptoms attributed to CHS
was observed in 66 (10.6%) of CEA and 61
(8.0%) of CAS group. The frequency was similar
in both groups (p = 0.43).

The most common neurological symptom that
was observed between 2 and 12 hour after proce-
dure (in the first two hours patients were under
anaesthesiologist team control) was the numbness
of the opposite limb. The symptom was reported
with similar frequency in both groups (9.6% after
CEA and 7.1% after CAS). A weakening of the
muscle strength of the opposite limbs was also fre-
quently stated with equal frequency in both groups.

Epileptic attacks were reported in 21 patients
with similar frequency in both study groups. The
only difference was the less frequent falling of
the lips in CAS group (Table II).

Symptoms attributed to sympathetic
nervous system dysregulation

Both episodes of transient bradycardia and/or
hypotension were observed with similar frequen-
cy between CAS and CEA group (8.8% vs.
10.4% and 1.3% vs. 1.3%, respectively).

Stroke and fatal outcome
Neurological deficit with documented stroke in

CT was observed in 22 patients (3.5%) after CEA and
in 18 patients (2.4%) after CAS up to the 30th day
post procedure. More than half strokes had ischemic
etiology (13 and 8, respectively). In one third of the
patients with stroke (N=14) symptoms of hemiparesis
subsided without permanent neurological deficit.

During the first 30 days 10 patients died (1.6%)
in CEA group and 6 patients (0.8%) in CAS group.
All death episodes were in patients with previous
cardiovascular co-morbidities (stroke, myocardial
infarction, abdominal aorta aneurysm, peripheral
artery disease in the last 6 months).

CEA CAS Statistical
(N=625) (N=761) significance

Age [years] 70 (57-82) 73 (62-83) Ns
Carotid artery stenosis [%] 80 (76-84) 86 (81-91) <0.001
Concomitant diseases [n (%)]
Prior stroke or TIA 176 (28.1) 145 (19.0) <0.001
Coronary artery disease 375 (60.0) 449 (59.0) Ns
Past myocardial infarction 124 (19.8) 94 (12.3) <0.001
Past PCI or CABG 93 (14.8) 158 (20.4) 0.006
Peripheral arterial disease 137 (21.9) 59 (7.7) <0.001
Arterial hypertension 489 (78.2) 395 (51.9) <0.001
Diabetes mellitus 70 (11.2) 123 (16.1) 0.01
Chronic kidney disease* 68 (11.0) 57 (7.4) 0.04

Table I. Characteristics of study groups (n=1386).

*defined as serum creatinine concentration > 1.5 mg/dl
PCI – percutaneous coronary intervention
CABG – coronary artery bypass graft
Ns – not significant

CEA CAS Statistical
(N=625) (N=761) significance

Numbness of the opposite limb (paresthesia) 60 (9.6%) 54 (7.1%) Ns
Buccal trembling (habit chorea) 8 (1.3%) 13 (1.7%) Ns
Falling of the lip 31 (5.0%) 4 (0.5%) <0.001
Weakening of the muscle strength within 39 (6.2%) 46 (6.0%) Ns
the upper limb on the opposite side

Weakening of the muscle strength within 29 (4.6%) 49 (6.4%) Ns
the lower limb on the opposite side

Seizures 7 (1.1%) 14 (1.8%) Ns

Table II. Neurological symptoms observed within the first 48 hours post-procedure.

CEA – carotid artery endarterectomy
CAS – carotid artery stenting
Ns – not significant
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Discussion

The study reports similar frequency of neuro-
logical symptoms (focal deficits and seizures) at-
tributed to CHS that occurred during first 12 hours
after revascularization procedure, regardless of the
method of carotid revascularization used. Our re-
sults suggest that the occurrence of CHS with neu-
rological symptoms after CEA and CAS is compa-
rable, as previously shown by Ogasawara et al15,
and in line with similar spectrum of risk factors
for CHS in both groups16. Additionally, some pre-
vious studies reported that clinical manifestation
of CHS after both procedures is the same, but the
prognosis and outcomes differ and seem to be
worse after CAS than after CEA17,18. Moreover,
other studies showed that the course of CHS after
these procedures vary, as CHS usually occurs 5 to
7 days after CEA15, and within the first 24 hours
after CAS15,17,19. Our data demonstrate that neuro-
logical symptoms attributable to CHS develop
equally frequently after CEA and CAS within the
first 12 hours post procedure. Coutts et al.17 differ-
entiated CHS into three types: two occurring with-
in hours after carotid interventions due to acute fo-
cal edema and acute hemorrhage, and classic de-
layed type occurring at least 24 hours after proce-
dure, with different association with intracranial
hemorrhage and mortality17.

So far reported prevalence of CHS in patients
after carotid endarterectomy differs in a wide range
from 0.2 to 18.9%. The differences result from cri-
teria CHS applied. Most of studies report the de-
velopment of CHS in subjects with the evidence of
hyperperfusion increase of more than 100% from
baseline12,16,20,21. These studies excluded neurologi-
cal symptoms that were developed without con-
firmed hyperperfusion. This more restrictive defini-
tion diminishes the appearance of neurological
symptoms potentially attributable to CHS22.

In one single-center study a prevalence of
CHS after CEA was estimated at 1.45% and its
diagnosis was based on the occurrence of neuro-
logical symptoms with the exclusion of stroke or
transient ischemic attack made by a neurologist
and the evidence of sulcal effacement in CT scan
and the prevalence of CHS was comparable to
those of TIA and cerebrovascular accidents
which suggests16 that neurological symptoms af-
ter carotid artery revascularization are more com-
mon than the prevalence of CHS.

One of the studies proposes the algorithm for
work-up of patients with symptoms suggestive of
CHS after CEA with the use of echo duplex carotid

artery, first procedure for exclusion of occlusion or
thrombosis of carotid artery as a postoperative
complication, and, then, computed tomography for
visualization of new abnormalities and alternative
diagnosis in the case of no occlusion of artery.
Transcranial Doppler is recommended for the eval-
uation of cerebral perfusion if no new brain abnor-
malities are detected and, then, lack of alleviation
of symptoms after initiation of normalization of
cerebral blood flow enables a CHS diagnosis23.

Headache is commonly reported after CEA
(in 62% procedures) and is one of the symptoms
of CHS, but in CHS it is more intense and
pounding24. Our analysis was focused on focal
deficits and seizures in patients with new onset of
headache ipsilateral to the carotid revasculariza-
tion after exclusion of ischemic stroke. The fre-
quency of analyzed symptoms after CEA and
CAS was similar with the exception of the inci-
dents of unilateral falling of the lips. It may be
the result of the irritation of branches in the ra-
mus mandibularis of the facial nerve during the
procedure not related to CHS.

In addition to symptoms of CHS we analyzed
the prevalence of episodes of transient bradycar-
dia and/or hypotension. Both episodes were more
frequently observed in CAS than in CEA group
(8.8% vs. 10.4% and 1.3% vs. 1.3%, respective-
ly). It seems that these complications are the re-
sults of a catheter instrumentation of the carotid
bulb25 which stimulates carotid baroreceptors.
The baroreceptors stimulation may represents as
hemodynamic depression26 with bradycardia re-
lated to parasympathetic discharge and hypoten-
sion due to inhibition of the sympathetic tone26.
Therefore, these symptoms are not related to
CHS but co-occurred with CHS.

We did not control the hemodynamic changes
post procedure routinely and, thus, we could not
determine which symptoms occurred were ac-
companied by at least doubling in cerebral blood
flow in patients with new onset of headache ipsi-
lateral to the carotid revascularization. We per-
form duplex Doppler sonography only for inter-
nal carotid artery (ICA) patency checking. This
study had a retrospective design that enabled the
precise analysis of the time of symptom occur-
rence, and longer than 12 hours analysis. The
analysis of symptoms of reperfusion syndrome
was difficult in the group of patients with a histo-
ry of stroke and neurological deficits. Moreover,
distinguishing symptoms caused by post proce-
dure hyperperfusion and microembolism has not
been possible.
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Conclusions

The occurrence of neurological symptoms at-
tributable to cerebral hyperperfusion syndrome af-
ter carotid artery revascularization in short term ob-
servation is similar regardless of the method used.
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