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a b s t r a c t

Background and purpose: Carotid endarterectomy (CEA) is a common and effective surgical

method of stroke prevention. The procedure is performed under general anesthesia and is

usually accompanied by simultaneous intraoperative somatosensory evoked potential (SEP)

monitoring. If a more than 50% decrease in N20/P25 SEP wave amplitude in 3 or more recordings

occurs during surgery, a shunt is inserted. Shunt surgery is associated with higher risk of vessel

wall injury and possible central embolization. In an effort to minimize the number of shunted

patients, we modified shunt insertion timing criteria according to intraoperative SEP changes

and reviewed a sample of patients for whom this modified approach was utilized.

Methods: 250 patients (171 males, 79 females, mean age = 67.00 � 8.55 SD, max. 86, min. 45)

indicated for CEA were retrospectively enrolled in the study. Shunting criteria included long-

term loss of SEP that was not affected by full anesthesia with elevated mean arterial pressure

and increased sedation. Neurological complications (measured as changes in NIHSS) were

recorded and compared.

Results: The overall incidence of perioperative adverse events (i.e. stroke/death) following

CEA was 2.8% (2.0 and 0.8% in 5 and 2 patients, respectively). A drop in SEP was observed in 68

cases (27.2%). Early persistent declines in cortical response amplitude that developed into

complete persistent SEP amplitude loss resulted in shunt placement in 5 cases (2.0%).

Perioperative neurological complications were observed in all patients and independently

of intraoperative SEP response development (2.9% in patients with SEP loss vs. 2.7% in the

remainder of the sample, p = 0.79).

Conclusion: Surgery with modified shunt insertion timing demonstrated standard results.

Due to the potential for vessel wall injury and embolization it is crucial to pay attention to

shunt insertion timing in accordance with the individual course of surgery and intraoper-

ative SEP development.
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Introduction

Carotid endarterectomy (CEA) remains the gold standard
treatment for symptomatic internal carotid artery stenosis
[1–3]. In an effort to reduce the incidence of adverse events,
various approaches to minimize CEA surgical morbidity have
been developed [4]. Somatosensory evoked potentials (SEPs)
appear to be the most cost-effective intraoperative brain
monitoring method for use during CEA [5,6]. Pathological
intraoperative responses indicate a decline in regional blood
perfusion [7]. This usually leads to changes in surgical strategy
and, sometimes, shunt placement [8]. Intraoperative use of an
intraluminal shunt may reduce the risk of stroke by reducing
the compromise of cerebral blood flow. Unfortunately, shunt
insertion itself is associated with significant risk of athero-
sclerotic arterial wall damage and subsequent stroke during
carotid endarterectomy [9–11]; even uncomplicated and early
shunt insertions can lead to cerebral hypoperfusion and risk of
new structural brain lesions [9,10].

Previously published studies have demonstrated the risks
associated with shunt insertion [9–12]; thus, we modified
timing criteria of the procedure in relation to decreased SEP
and evaluated a sample of patients for whom this modified
approach was utilized.

Materials and methods

The study includes 250 patients who underwent CEA (171
males, mean age = 67.00 � 8.55 SD, max. 86, min. 45). Indica-
tions for CEA were based on current guidelines [3] with the
majority (85.51%) had been indicated for symptomatic stenosis
following a stroke. Patient neurological status was evaluated
by an independent neurologist through use of the National
Institute of Health Stroke Scale (NIHSS) with assessments
performed upon admission, the day prior to CEA surgery, upon
discharge, and at 30 days postoperatively.

All surgical procedures were performed under general
anesthesia. Intravenous heparin (200 IU/kg) was administered
at the time of carotid occlusion, and heparin reversal with
protamine sulfate was carried out during wound closure. All
endarterectomies were microsurgical and were performed by
the lead author (P.H.). Somatosensory evoked cortical response
to peripheral nerve stimulation was used during all surgeries.
SEP stimulation and registration methods were adopted from
previous studies [6]. Baseline SEPs were recorded after patients
were anesthetized, but prior to the initial incision. SEPs were
recorded at one-minute intervals thereafter.

A transient decrease of 50% in the N20/P25 wave (cortical
response) amplitude did not trigger a ‘‘warning’’ for the
surgeon, whereas a continuous amplitude drop did. If the
amplitude continued to decline, an ‘‘alarm’’ was triggered for
both the neurosurgeon and anesthesiologist. Following such
an ‘‘alarm,’’ all possible safety measures were undertaken (i.e.
mean arterial pressure was increased to 110 Torr using
intravenous ephedrine or norepinephrine and deeper sedation
was achieved through increased anesthetic delivery). A
persistent loss in cortical response occurring more than five
minutes prior to the expected artery declamping resulted in

shunt placement. Patients were categorized according to SEP
development in SEP positive (warning and alarm patients) or SEP
negative groups (patients without a significant SEP decrease).

The study was approved by the institutional review
committee and patients gave informed consent prior to
CEA. For statistical analysis, a repeated-measures analysis
of variance was used with a post hoc Bonferroni test (ANOVA,
Statistica® 7.0; Statsoft, Tulsa, OK, USA). The threshold for
significance was set at p = 0.05.

Results

SEP monitoring was successful in all 250 patients. The overall
incidence of perioperative adverse events (i.e. stroke/death)
following CEA was 2.8% (2.0 and 0.8% in 5 and 2 patients,
respectively).

The SEP positive group comprised 68 (27%) patients. A
‘‘warning’’ associated with a change in the N20/P25 wave
amplitude occurred in 40 (16%) cases, and ‘‘alarms’’ were
issued in 28 (11.2%) cases.

In 23 (9.2% of all patients) of the aforementioned ‘‘alarm
events’’ declamping was completed less than 5 min after the
change in SEP. Early persistent declines in cortical response
amplitude that developed into complete persistent SEP
amplitude loss resulted in shunt placement in 5 cases (2.0%).

Two patients in the SEP positive group suffered from peri-
procedural strokes. The first patient developed a change in
NIHSS score of +4 points, while the second patient had a
change of +2; both changes were still observed at 30 days
postoperatively.

In the normal SEP group, 2 patients (0.80%) had early
severe post-op neurological signs that persisted more than
30 days after surgery (NIHSS changes of +3 and +8). Two
patients (0.80%) suffered from reperfusion syndrome with
deep hemispheric bleeding (1 patient died; 0.40%). One
patient (0.40%) died after cardiac failure on the tenth
postoperative day. The incidence of peri-procedural adverse
events was not significantly different between the groups
(2.9% in SEP positive vs. 2.7% in SEP negative, current effect
ANOVA of NIHSS compare: p = 0.79).

Discussion

Opinions regarding intraluminal shunt insertion during
carotid endarterectomy in relation to intraoperative SEP
monitoring differ according to department preferences. Some
surgical groups do not shunt under any circumstances, while
other surgical groups do [12–15].

Published study results have clearly shown that intralum-
inal shunt insertion is associated with high perioperative
morbidity. During surgery, the vessel wall can be damaged and
central embolization with a greater number of ischemic
lesions can occur [9–12]. The prolonged length of the surgery
could also be associated with higher risk of neurological
complications. On the other hand, surgery without intralum-
inal shunt insertion and inadequate collateral circulation may
cause hemispheric hypoperfusion on the side of the tempo-
rarily-clamped ICA. In such cases, use of an intraluminal shunt
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