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Carotid Endarterectomy
versus
Carotid Artery Stenting

Findings in Regard to Neuroclinical
Outcomes and Diffusion-Weighted Imaging

The purpose of our study was to evaluate prospectively the frequency and significance of
brain lesions after elective carotid endarterectomy (CAE) and carotid artery stenting (CAS)
by using diffusion-weighted magnetic resonance imaging (DWW MRI) and then to correlate
imaging findings with neuroclinical outcomes.

From February 2003 through March 2005, 95 consecutive patients underwent surgical
endarterectomy or CAS (with a cerebral protection device) at our institution. A total of 59
CAE procedures were performed in 46 consecutive patients (mean age, 65.8 + 9 yr), and
56 CAS procedures were performed in 49 consecutive patients (mean age, 66.3 + 9 yr).
Diffusion-weighted magnetic resonance imaging of the brain was performed in all patients
within 24 hours of the procedure, both before and after.

The post-procedural stroke rate was slightly higher in the CAS group, but this difference
was not significant (5.4% vs 0). One early and 1 late death occurred in the stent group.
Although the incidence of ischemic lesions was similar in both groups (surgery group,
12.5%, stent group, 13.5%), new DW MR/ lesions were higher in the endarterectomy
group (27.1% vs 12.5%, P=0.041). This difference was due chiefly to nonischemic lesions
such as hemorrhage and watershed ischemia. In the analysis of patients with embolic
ischemia, incidences of symptomatic stroke (P=0.046) and large infarct (P=0.013) were
higher in the stent group.

When we used protective devices during CAS, the incidence of embolic complications
was similar to that of surgical enarterectomy. On the other hand, the clinical results of CAS
need improvement. (Tex Heart Inst J 2008;35(4):395-401)

he purpose of treating a stenosis of the carotid artery is to prevent stroke and

to otherwise reduce the risk of cerebral ischemia. At present, carotid artery en-

darterectomy (CAE) and carotid artery stenting (CAS) are accepted as major
therapeutic methods. The efficacy and safety of CAE in symptomatic and asymp-
tomatic patients have been carefully evaluated in large randomized clinical trials."
Nevertheless, CAS has become an attractive treatment for patients because of short-
er hospital stays and the avoidance of general anaesthesia, surgical incision, and risk
of cranial nerve injury.”* However, large-scale randomized clinical trials are needed to
determine whether CAS should be the procedure of choice.

Both CAE and CAS carry risk. These procedures, which are known to be associ-
ated with temporary or permanent neurologic defects, must be performed with low
rates of morbidity and mortality in order to maintain short- and long-term benefits
superior to those of medical treatment. Therefore, procedure-related embolic compli-
cations have become a critical issue for both CAE and CAS.

Several separate studies™? by means of diffusion-weighted magnetic resonance im-
aging (DW MRI) have documented the frequency of new lesions, which presumably
are infarctions due to distal embolization from friable plaque after CAE and CAS.
Although most of these lesions have been clinically silent, impairment of cognitive
function may occur in CAE and CAS patients and warrants further investigation."
Diffusion-weighted magnetic resonance imaging has been shown to be a highly sen-
sitive tool for the detection of cerebral ischemia, because it enables the visualization
of recently ischemic regions as hyperintense areas within minutes of onset."* During
the 24 hours after onset, conventional magnetic resonance imaging is less sensitive
than computed tomography for the detection of hemorrhage.” However, on diffu-
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sion-weighted images the core of the acute hemorrhagic
lesion is hyperintense and is initially observed at 4 hours
after onset, similar to findings in cases of nonhemor-
rhagic lesion. The value of transcranial Doppler detec-
tion of emboli has probably been overestimated in the
comparison of interventional approaches.” We therefore
used DW MRI to investigate the relevance of intraop-
erative microemboli to cerebral ischemia and other ce-
rebral lesions such as hemorrhage, in patients who were
undergoing CAE and CAS.

The purpose of our prospective study was to evalu-
ate the frequency and significance of brain lesions after
elective CAE and CAS by using DW MRI and to cor-

relate imaging findings with neuroclinical outcomes.

Patients and Methods

Patient Population

Our institutional review board approved this prospec-
tive study. Informed consent was obtained from each
patient after the nature of the procedure had been fully
explained. From February 2003 through March 2005,
95 consecutive patients underwent CAE or CAS at our

TABLE I. Comparison of Preoperative Variables by
Univariate Analysis: Carotid Artery Endarterectomy
(n=59) versus Carotid Artery Stenting (n=56)

CAE CAS
Variable No. (%) No. (%) P Value
Male sex 32(69.6) 35(71.4) 0.510
Hypertension 39(84.8) 44(89.8) 0.335
Diabetes 15(32.6) 10(20.4) 0.132
Hyperlipidemia 25(4.3) 16(32.7) 0.027
History of smoking 26 (56.5) 34(69.4) 0.139
COPD 10(22.2) 12(245) 0.495
Coronary artery disease 26 (56.5) 34 (69.4) 0.139
Peripheral vascular disease 10(22.2) 12(24.5) 0.495
Neurologic symptoms* 32(69.6) 29(59.2) 0.200
Bilateral intervention 13(28.3) 7(14.3) 0.078
Contralateral ICA occlusion 4 87 1 (2 0.162
Bilateral high-grade stenosis** 10(16.9) 6(10.7) 0.244
Critical stenosis*** 11(18.6) 5 (8.9) 0.108
Age >70 years 18(30.5) 20(35.7) 0.346

CAE = carotid artery endarterectomy; CAS = carotid artery
stenting; COPD = chronic obstructive pulmonary disease;
ICA = internal carotid artery

*Preoperative stroke, transient ischemia, or both
**>90% carotid artery stenosis
**¥*95%-99% carotid artery stenosis
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TABLE Il. Comparison of Postprocedural Results
and DW MRI Findings by Univariate Analysis: Carotid
Artery Endarterectomy (n=59) versus Carotid Artery
Stenting (n=56)

CAE CAS

Variable No. (%) No. (%) P Value
Death 0 1(1.8) 0.487
Stroke 0 3(5.4) 0.112
Nerve palsy 4 (6.8) 0 0.066
Hyperperfusion syndrome 1 (1.7) 0 0.513
New DW MRI finding 16 (27.1) 7(12.5) 0.041
Embolic lesion 8(13.5) 7 (12.5) 0.544
Watershed ischemia 3 (5) 0 0.132
Contralateral ischemia 0 1 (1.8) 0.487
Hemorrhagic lesion 4 (6.8) 0 0.066
Reperfusion lesion* 2 (3.2) 0 0.261
Hemorrhage 2 (3.2) 0 0.261

CAE = carotid artery endarterectomy; CAS = carotid artery
stenting; DW MRI = diffusion-weighted magnetic resonance
imaging

*Basal ganglia (lentiform nucleus) lesions

institution. A total of 59 CAE procedures were per-
formed in 46 consecutive patients (mean age, 65.8 = 9
y1), and a total of 56 CAS procedures were performed in
49 consecutive patients (mean age, 66.3 + 9 yr). Patients
and lesion characteristics are summarized in Tables I
and II. Demographic variables and coexisting disease
were similar between the groups, except for hyperlip-
idemia, which was slightly higher in the stent group
(54.3% vs 32.7%, P=0.027).

The patients were not randomized. The decision
about which procedure to perform was made in accor-
dance with the preference of the patient, the treating
physician, or both. The indication for CAE or CAS
was symptomatic stenosis of the carotid artery of more
than 70% or an asymptomatic stenosis of more than
80%; the degree of stenosis was evaluated with both
intra-arterial digital subtraction angiography and du-
plex ultrasonographic scanning before the procedure.
Morphologic features of the carotid plaque were not
taken into consideration in selecting patients, but we
did exclude patients with carotid artery stenosis caused
by kinking. The degree of stenosis was determined in
accordance with the North American Symptomatic
Carotid Endarterectomy Trial (NASCET) criteria: mini-
mum residual lumen at the point of maximum stenosis
referenced to the diameter of the distal lumen of the in-
ternal carotid artery at the 1st point at which the arte-
rial walls became parallel, percentage of stenosis =100
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[1-(minimal residual lumen/distal lumen)]. Patients
with coexisting intracranial or proximal arch vessel
stenosis were excluded from the study. Carotid artery
endarterectomies were performed by 2 experienced car-
diovascular surgeons (HP and AZA), and CAS proce-
dures were performed by 2 experienced interventional

radiologists (AM and 10).

Protocol for Carotid Artery Endarterectomy

All CAE operations were performed with the patients
under general anesthesia and with endotracheal intuba-
tion and insertion of arterial and central venous lines.
The day before the procedure, patients received 300 mg
of aspirin. The administration of aspirin (100 mg once
daily) was continued as a lifelong regimen, and 75 mg of
clopidogrel was given once a day for 6 months. Patients
were positioned for routine CAE. The skin incision was
made in the neck along the anterior border of the ster-
nocleidomastoid muscle. To avoid particulate embo-
lization, meticulous dissection was performed during
exposure of the common, internal, and external carot-
id arteries. Intravenous heparin (100 U/kg) was rou-
tinely administered before clamping the carotid vessels.
Surgery patients underwent controlled hypertension to
increase brain perfusion without use of a shunt. Con-
ventional carotid endarterectomy was performed, and
the arteriotomy was closed by use of 7-0 polypropylene.
In most patients, a patch was not used. Heparin was re-
versed to half dose with protamine sulfate in all patients
at the end of the operation, to minimize postoperative
hematomas. Doppler ultrasonography was performed 6
months after the procedure, and yearly on the anniver-
sary of the procedure.

Protocol for Carotid Artery Stenting

Patients were already taking antiplatelet medication,
both aspirin (100 mg) and clopidogrel (75 mg), and this
was continued for a minimum period of 1 month (at
least 6 months for most patients) after the intervention.
Before we selectively catheterized the common carotid
artery, we routinely administered intravenous heparin
(100 U/kg). Activated clotting time was maintained at
more than 250 seconds. We placed a 7F sheath in the
common femoral artery and cannulated the common
carotid artery with a 5F diagnostic catheter. After ob-
taining ipsilateral oblique and lateral projections, we de-
termined the degree of stenosis in accordance with the
NASCET criteria. In the common carotid artery, we
exchanged a long 0.035-inch guidewire (Terumo stiff
exchange) for a 7F guiding catheter. Under roadmap
guidance, the stenosis was crossed with either a fil-
ter wire (Filterwire EX™, Boston Scientific Corpora-
tion; Natick, Mass) or a microguidewire/microcatheter
combination, which was exchanged for a spider filter
(SpideRX™, ev3 Endovascular, Inc. Peripheral Vascu-
lar; Plymouth, Minn) thereafter. The pre-shaped dis-
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tal tip of the filter wire was steered through the carotid
stenosis and advanced at least 4 cm beyond the target
lesion to the calcified segment of the internal carotid
artery. The stenosis was then dilated with a monorail,
8-mm diameter, 30- or 40-mm-long, self-expanding,
metallic stent (Wallstent®, Boston Scientific). After
stent deployment, a balloon was inflated to a diameter
of 5 or 6 mm. Angiographic views of the neck and head
were obtained after completion of the angioplasty. Hep-
arinization was allowed to wear off gradually. The DW
MRI was performed within 24 hours of the procedure.
Doppler ultrasonography was performed 1 month and 6
months after the procedure, and yearly on the anniver-
sary of the procedure. If Doppler examination suggest-
ed restenosis, angiography was performed to evaluate
the patency of the stent.

Neurologic Examination

All patients underwent neurologic examination by a
consultant neurologist before, immediately after, and
24 hours after the operation. A new postoperative neu-
rologic deficit was considered a transient ischemic at-
tack when it lasted less than 24 hours, or a stroke when
it lasted longer than 24 hours. In the intensive care unit,
we attempted to maintain blood pressure below 150/80
mmHg by using intravenous nitrates, sodium nitroprus-
side, or the two in combination.

Magnetic Resonance Imaging

Before the procedures, a baseline DW MRI of the head
was obtained with a MAGNETOM Symphony™ 1.5T
magnetic resonance scanner (Siemens AG Healthcare
Sector; Erlangen, Germany). Diffusion-weighted mag-
netic resonance imaging of the brain was performed in
all patients within 24 hours of the procedure, both be-
fore and after. The DW MRI results were evaluated by
staff neuroradiologists (CC and coworkers) who had
been blinded to the clinical status of the patients. The
presence of new hyperintensity in the brain was inter-
preted as a sign of a new ischemic lesion after CAS or

CAE.

Statistical Analysis

Statistical analyses were performed by using the SPSS/
PC+ (version 10.0) computer program (SSPS Inc.; Chi-
cago, IlI). We determined the frequency and percent
values of categoric variables and the mean, average, and
standard deviation values of continuous variables. Pa-
tient characteristics, DW MRI results, and hospital out-
comes were compared univariately by using # tests for
continuous variables and the %> or the Fisher exact test
for categoric variables. Patients were separated in accor-
dance with their having a particular variable or not. Pre-
operative, intraoperative, and postoperative factors were
separately entered in the univariate analysis. A Pvalue of
less than 0.05 was considered significant.
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Results

Carotid Artery Endarterectomy Series

Mean cerebral ischemic time during carotid artery
cross-clamping was 15.9 £ 2 minutes. The 16 new DW
MRI findings (in 14 patients) were detected in 59 CAE
procedures. All lesions were located in the territory of
treated vessels. Eight of the 16 lesions were hyperintense
embolic (Fig. 1). The 8 remaining lesions were nonem-
bolic in origin and included watershed ischemia (3), ce-
rebral hemorrhage (4), and hyperperfusion syndrome
(1). None of the patients (except for the 1 with hyperper-
fusion syndrome and 4 with minor cranial-nerve palsy)
showed clinically overt cerebral symptoms after the op-
eration. The patient with hyperperfusion syndrome was
admitted to the emergency service 10 days after the op-
eration due to epileptic seizure of the grand mal type.
Her blood pressure on admission was 190/110 mmHg,
Urgent computed-tomography and magnetic resonance
imaging of the brain revealed diffuse cerebral edema
(Fig. 2). Color-flow Doppler ultrasonography of the
carotid artery revealed a patent vessel. The patient was
managed conservatively. Her hypertension was con-
trolled easily with antihypertensive treatment. After 10
days, she had recovered completely and was discharged.
In 2 patients, cerebral hemorrhage due to reperfusion
injury was located at the basal ganglia (Fig. 1). In 3 pa-
tients, DW MRI revealed watershed infarction.

Carotid Artery Stenting Series

In the 56 CAS procedures, the stroke rate was 5.4%
and the mortality rate was 1.8%. One of 3 patients
with stroke was preoperatively asymptomatic. In this
group, 7 new hyperintense foci or lesions were detected
on DW MR, and all but 1 were ipsilateral. Three of the
7 patients were symptomatic, with 1 major stroke and
2 minor strokes, which presented as monoparesia and

Fig. 1 Diffusion-weighted magnetic resonance imaging scans
show A) reperfusion hemorrhage (arrow) in a patient treated by
surgical endarterectomy, and B) microembolic ischemic lesion
(arrow) on the parietal lobe in the left hemisphere in a patient
treated by surgical endarterectomy.
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Fig. 2 Typical findings of hyperperfusion syndrome in a single
patient treated by surgical endarterectomy. A) Before the admin-
istration of contrast agent, computed tomography shows diffuse
cerebral edema on the left side. B) T,-weighted image depicts
hyperintensity in the left cerebral hemisphere. C) On diffusion-
weighted magnetic resonance imaging, there is no marked
diffusion-signal abnormality (hyperintensity), whereas D) an Ap-
parent Diffusion Coefficient (ADC) map reveals hyperintensity
consistent with vasogenic edema in the region that corresponds
to the hyperintense region shown in B (note: acute cerebral
infarctions are always hypointense on ADC-map images due to
the restricted diffusion that accompanies cytotoxic edema).

dysphasia. The patient with major stroke died 10 days
after the intervention. Other patients with minor stroke
were discharged without any neurologic deficit (Fig. 3).
In the late period, 1 patient who had normal DW MRI
(post-intervention) died due to intracerebral hematoma
40 days after the intervention. In 1 patient with normal
DW MRI, control angiography revealed stent occlu-
sion. However, this patient remained asymptomatic.

Comparison of the Groups

and Subgroup Analysis

Although the incidence of the ischemic lesions was sim-
ilar in both groups, the percentage of new DW MRI
lesions was higher in the endarterectomy group. This
difference is mainly due to nonischemic lesions. In the
CAE group, the diameter of the embolic or ischemic
lesions was not larger than 5 mm. In the CAS group,
embolic lesions were larger than 5 mm in 3 patients.
The post-procedural stroke rate was slightly higher in
the CAS group, but this difference was not significant
(5.4% vs 0). Patients with ischemic infarction were also
compared to patients with embolic infarction in accor-
dance with their postoperative neurologic symptoms.
The incidence of symptomatic stroke and large infarc-
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Fig. 3 These images show embolic complications of carotid artery stenting in a single patient. After successful stenting (A, B), cerebral
angiography (C) shows a parenchymal perfusion defect and cutoff of the posterior parietal branch of the middle cerebral artery (arrow).
D) Diffusion-weighted magnetic resonance imaging reveals a multifocal cortical infarct (arrow) of the parietal lobe in the left cerebral
hemisphere.

TABLE lll. Comparison by Univariate Analysis of Preop-
erative Findings and Postprocedural Results in Patients
with Ischemic Infarct: Carotid Artery Endarterectomy
(n=8) versus Carotid Artery Stenting (n=7)

CAE CAS

Variable No. (%) No. (%) P Value
Symptomatic patient 7 (87.5) 5(71.4) 0.438
Contralateral ICA occlusion 0 1(14.2) 0.487
Bilateral high-grade stenosis* 1 (12.5) 0 0.333
Critical stenosis** 1(12.5) 2 (28.5) 0.438
Age >70 years 3(37.5) 4(57.1) 0.447
Symptomatic DW MRI lesion 0 3(42.8) 0.046
Infarct >5 mm 0 4 (57.1) 0.013

CAE = carotid artery endarterectomy; CAS = carotid artery
stenting; DW MRI = diffusion-weighted magnetic resonance
imaging; ICA = internal carotid artery

*>90% carotid artery stenosis
**95%-99% carotid artery stenosis

tion was higher in patients with ischemic infarction who
had been treated by CAS (3/7 versus 0/8 among pa-
tients treated by the CAE procedure, P=0.046). Com-
parisons of the other neurologic complications and
lesions are summarized in Tables IT and I1I.
Interestingly, in the CAE group the percentage of em-
bolic lesions was higher in patients with unilateral carot-
id stenosis than in patients with bilateral lesions (34.4%
vs 11.1%, P=0.035). The degree of carotid stenosis did
not have any impact on post-procedural complications
or on the incidence of DW MRI lesions in either group.
The occurrence of hemorrhagic lesions was not related
to high-degree stenosis or to contralateral carotid oc-
clusion. In the CAE group, the incidence of new DW
MRI findings was slightly higher in patients with hy-
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pertension, older age (=70 yr), or a history of preoper-
ative stroke, but this difference did not reach statistical
significance (P values=0.054, 0.072, and 0.054, respec-
tively). Watershed ischemia was related to older age in
CAE patients (=0.025). Neither the presence of bi-
lateral carotid disease nor preoperative symptomatic
lesions affected the incidence of positive DW MRI find-
ings in the CAS group.

Discussion

Current experience suggests that CAS without protec-
tion devices causes more microembolic events than does
CAE and that these events are associated with an in-
creased risk of post-interventional ischemia, as revealed
by DW MRI." Since the 1st trials were conducted, how-
ever, stenting technology, experience, and antithrom-
botic therapy have improved. These improvements have
led to great optimism that CAS has reached a point
where it can replace CAE—something that has already
happened in many centers. An interesting development
has been the introduction of devices designed to protect
against cerebral embolism during stent deployment.
Our data showed that the incidence of embolic le-
sions was not significantly different between conven-
tional CAE and CAS when embolic-protective devices
were used. Although the devices might account for this
result, they so far have not been shown to reduce the
overall complication rate of endovascular treatment. In
one of our CAS patients, DW MRI lesions were found
not only in the territory of the treated artery but also in
the territory of the contralateral internal carotid artery
(ICA). In such cases, the source of the emboli must be
proximal to the carotid arteries. This appears to be an
additional risk in association with CAS because, within
the context of CAE, an embolic event in a territory that
is not supplied by the treated vessel is highly unlikely,
if not impossible. Carotid artery stenting always needs
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interventional angiography, which by itself increases the
risk of stroke by 1% to 2%, as shown by the Asymp-
tomatic Carotid Atherosclerosis Study.’ Although the
incidence of embolic findings in DW MRI was simi-
lar, embolic CAS lesions were more symptomatic than
embolic CAE lesions.

We have found a 13.5% incidence of embolic diffu-
sion after CAE, which is significantly lower than the
33% rate of silent infarction reported by Muller and
colleagues’ but higher than that reported by Barth and
associates,® who encountered a 4.2% incidence in 48 pa-
tients. In published reports of CAE results, most of the
positive DW MRI findings have been clinicallly silent.
On the other hand, in a series of 19 patients who un-
derwent CAS for high-grade stenosis, Lovblad and co-
authors" observed new hyperintensities on DW MRI in
4 patients (21%). Two of these patients had developed
new neurologic deficits, and 2 had remained asymptom-
atic.

There are several reasons why microemboli cause
clinically silent lesions or none at all. The total num-
ber of emboli and the size and location of emboli and
DW MRI lesions seem to be important in determining
whether brain lesions become symptomatic.”* In our
CAE group, all of the embolic lesions were smaller than
5 mm in diameter. On the other hand, 4 of 7 patients
in our CAS group had a large embolus, and 3 of those
emboli were accompanied by symptoms.

Nonembolic DW MRI findings were more numer-
ous in our CAE group. Although not specific for surgi-
cal treatment, watershed ischemia, hyperperfusion, and
hemorrhage were seen only in CAE patients in our study.
These patients were asymptomatic, except for 1 patient
with hyperperfusion syndrome—a neurologic syndrome
that consists of a triad of unilateral headaches, seizures,
and focal neurologic deficits. In its extreme form, it can
present as an intracerebral hemorrhage. Many factors ap-
pear to be associated with increased risk of intracranial
hemorrhage and hyperperfusion syndrome after CAE,
such as preoperative and postoperative hypertension,
recent ipsilateral nonhemorrhagic stroke, previous isch-
emic cerebral infarction, high-grade (90%) stenosis of
the ICA, severe bilateral disease or contralateral ICA
occlusion, impaired cerebrovascular reserve, hemody-
namic or embolic intraoperative ischemia, excessive in-
crease in cerebral blood flow, and advanced age.” Our
patient with hyperperfusion had experienced recent pre-
operative stroke (1 month before surgery), high-grade
stenosis (95%), and bilateral stenosis (50% contralat-
eral).

In our study, the hemorrhagic lesion was either on the
frontal lobe (n=2) or in the basal ganglia (lentiform nu-
cleus) (n=2). Basal ganglia are also known for hyperten-
sive bleeding, so we speculated that reperfusion could
have caused this type of lesion in our 2 patients. Asso-
ciated characteristics of patients with hemorrhagic DW
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MRI lesions are high-grade stenosis and preoperative
stroke. In our CAE group, 3 of the 4 patients with hem-
orrhage had a history of hypertension, and 2 of these
had bilateral lesions and bilateral endarterectomy. Some
investigators>* have hypothesized that dysfunction
of carotid baroreceptors as a consequence of previous
contralateral CAE predisposes patients to intermittent
episodes of hypertension after bilateral carotid endar-
terectomy, particularly when the bilateral procedure is
performed within a short interval (3 months) after the
contralateral procedure. We observed a large hemor-
thagic lesion in 1 of our patients, who underwent bilat-
eral endarterectomy without a history of hypertension.

Three of our CAE patients had watershed infarction.
This lesion usually results from decreased perfusion in
the terminal branches of contiguous arterial territories.
It may occur in several characteristic locations, such
as the triangular region in the frontal parietal region,
the head of the caudate nucleus, the linear band in the
periventricular and supraventricular regions, and the tri-
angular region in the temporo-occipital region and the
linear band over the frontal convexity.**

Watershed ischemia was not seen in our CAS pa-
tients. In CAE patients, watershed ischemia is clearly
due to cerebral ischemia during carotid artery cross-
clamping. Although we don’t say “we never use shunts,”
our cerebral protection method is controlled hyperten-
sion, and shunt devices are not our preference in most
procedures. We have inferred that cerebral ischemia
time during cross-clamping was a risk factor for water-
shed ischemia or reperfusion injury. Nevertheless, ce-
rebral ischemia time did not, in our patients, have any
impact on the emergence of the cerebral lesion.

No one knows the true clinical significance of cere-
bral ischemia that is not associated with overt neurolog-
ic symptoms. We performed no cognitive testing in our
study, but Heyer and colleagues” did such testing and
found no correlation between DW MRI findings and
neurocognitive dysfunction after CAE. On the basis of
our findings alone, we cannot recommend the routine

use of DW MRI after CAE or CAS.

Limitations

This trial is nonrandomized, and it is limited to a sin-
gle institution. Because of the relatively small number of
outcome events in each group, we did not perform mul-
tivariate analysis of possible other clinical or angiograph-
ic characteristics associated with increased risk of stroke
and death from either CAE or CAS. Histologic analy-
sis of filter contents was not performed; therefore, no re-
lationship could be established between the amount and
composition of filtered material and the rate, number,
and size of ischemic cerebral lesions. Transcranial Dop-
pler monitoring was not performed. The examination of
a larger patient population and the analysis of more fac-
tors (especially the features of plaque morphology) may
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enable the identification of subgroups of patients that
have a high rate of positive findings on postprocedur-
al DW MRL

Conclusion

The incidence of embolic complications during CAS
was similar—when protection devices were used—to
the incidence during surgical treatment. On the other
hand, the clinical results of CAS, especially in the long
term, need to be improved. Each procedure has its ad-
vantages. The therapeutic advantage of carotid angio-
plasty and stenting (CAS) has been demonstrated in
patients with contralateral occlusion, restenosis, and sur-
gically inaccessible lesions.”*** Although hemorrhagic
complications are not specific to surgery, they appear
to be more frequent in CAE. Therefore, endovascular
treatment may be more appropriate in patients who have
bilateral high-grade stenosis or inadequate cerebral col-
lateralization, in order to minimize the risk of hemor-
rhagic complications. Long-term risks, however, remain
to be determined.
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