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Purpose: The aim of this study is to analyze postoperative outcomes for carotid
endarterectomy (CEA) in addition to the preoperative clinical characteristics related
to selective shunting based on dual monitoring with stump pressure (SP) and elec-
troencephalography (EEG).

Materials and Methods: We retrospectively reviewed medical records of 70 pa-
tients who underwent CEA from March 2010 to December 2017. CEA was per-
formed under general anesthesia and selective shunting was done if the SP was
lower than 35 mmHg regardless of EEG or if intraoperative EEG showed any
changes different from preoperative one regardless of SP.

Results: There was no postoperative 30-day adjusted mortality or adverse cardiac
events. Three patients (4.3%) had postoperative minor stroke finally reaching pre-
operative neurologic status at the time of discharge. Twenty-six patients (37.1%)
used shunting and severe contralateral internal carotid stenosis or occlusion was
related to shunting (P<0.010). There were larger number of symptomatic patients
in shunt group in spite of no statistical significance (P=0.116).

Conclusion: Perioperative stroke rate was 4.3% for CEA under general anesthesia
based on dual intraoperative monitoring with SP and EEG. There was no 30-day
adjusted mortality and adverse cardiac event. Severe stenosis or occlusion of con-
tralateral internal carotid artery is related to shunting (P<0.010).
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INTRODUCTION

Randomized controlled studies reported that carotid
endarterectomy (CEA) has significantly reduces the sub-
sequent stroke for symptomatic patients [1,2] and shows
beneficial effect on stroke prevention for asymptomatic
ones [3,4]. In order for CEA to be an effectively preven-
tive procedure, however, intraoperative cerebral protection
from hypo-perfusion and early detection of cerebral isch-

emia using proper monitoring methods are crucial to avoid
perioperative stroke. Although intraoperative temporary
shunting is the most commonly used for cerebral protec-
tion, it has widely been known that shunting has its own
complications, such as dissection, distal embolization, or
difficult exposure of distal end of highly located plaque [5,6].
We authors have chosen selective shunting rather than
routine shunting and reported the postoperative results of
CEA based on intraoperative dual monitoring using elec-

www.vsijournal.org

@)
3.
=1
>
=
>
—1
=E
®)
™



http://crossmark.crossref.org/dialog/?doi=10.5758/vsi.2018.34.3.72&domain=pdf&date_stamp=2018-9-28
mailto:jeewon71@naver.com

Selective Shunting for CEA

troencephalography (EEG) and stump pressure (SP) [7]. The
purpose of this study is to analyze postoperative morbidi-
ties and mortalities based on dual monitoring in addition to
preoperative clinical factors related to shunt usage.

MATERIALS AND METHODS

We retrospectively reviewed the medical records
of seventy patients who underwent CEA under gen-
eral anesthesia from March 2010 to December 2017.
The study protocol was approved by the Institutional Re-
view Board of Jeju National University Hospital (IRB no.
JEJUNUH 2018-06-006). This study was exempted from
written informed consent due to retrospective analysis
based on medical records by Institutional Review Board.
Taking medical history, neuro-physical examination, labora-
tory studies, and carotid duplex scanning were done pre-
operatively. Indications for CEA were based on the degree
of stenosis on carotid duplex which was more severe than
moderate stenosis (peak systolic velocity faster than 170
cm/sec, 60%-79% stenosis) for symptomatic patients or
severe stenosis (peak systolic velocity faster than 240 cm/
sec, 80%-99% stenosis) for asymptomatic ones. Preopera-
tive waking EEG was performed for baseline study in order
to detect any intraoperative changes on EEG. Antiplatelet
agents which were used before operation maintained until
the operation day not to aggravate neurologic status.

We started EEG monitoring before induction of general
anesthesia in the operation room and neurologist kept
monitoring to detect any changes in EEG until the end of
operation (Fig. 1). Under general anesthesia and cervical
incision, common, external, and internal carotid arteries
were exposed after ligation and division of common facial
vein and other branches of internal jugular vein. After arte-
rial clamping was applied to common and external carotid
artery, 23-gauge needle was inserted to proximal inter-
nal carotid artery in order to measure SP which reflected

arterial flow through Circle of Willis during clamping for
arteriotomy (Fig. 2). While we measured SP, we asked an-
esthesiologist to keep systemic blood pressure being stable
which was similar to the average pressure during admission
period.

Intraoperative temporary shunt (Pruitt F3-Polyurethane
Carotid Shunt with T-port [outlying]; LeMaitre Vascular,
Inc., Burlington, VT, USA) was inserted based on the dual
monitoring using EEG and SP. Regardless of SP, shunting was
performed when there were any changes of EEG including
slowing (decrease in frequency), flattening, or asymmetry
(any changes in amplitude or in shape of waves) which was
different from preoperative baseline EEG. Shunting was
also used if SP was lower than 35 mmHg even though there
were no significant changes on intraoperative EEG.

After we completed excision of atheromatous plaque
by conventional endarterectomy technique (not eversion
endarterectomy), we confirmed transition zone which was
located from excised plaque to the normal intima, arteri-

Fig. 2. Intraoperative measuring of stump pressure was pre-
sented in the monitor.

Fig. 1. Intraoperative monitor-
ing of electroencephalography
started before induction of
general anesthesia.
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otomy was repaired with bovine pericardial patch (Edwards
Lifesciences, Washington, D.C., USA). Tacking suture was
done selectively when transition zone was not definitely
exposed because of risk of dissection or embolization. Op-
eration wound was closed without insertion of drainage
catheter after completion of bleeding control. Postopera-
tively we focused on the any changes in neurologic status
to detect signs of stroke and on the control of blood pres-
sure to prevent hyper-perfusion syndrome. We did routine
neurologic examination every two hours on the operation
day in the intensive care unit. If the patient showed any
changes in neurologic examination or level of conscious-
ness, we consulted neurologist immediately and checked
radiologic imaging based on the patient’s status. We con-
trolled blood pressure with bolus injection or continuous
infusion of intravenous beta blocker so that systolic blood
pressure should be maintained within the range from 110
mmHg to 140 mmHg. Initial postoperative imaging was
done at the third month after operation using carotid du-
plex scanning and routine follow-up was performed at six-
month interval by neurologist with carotid duplex. Chi
square test IBM SPSS Statistics ver. 24.0 software (IBM Co.,
Armonk, NY, USA) was used for comparing clamp group
with shunt group.

RESULTS

Fifty-two men and 18 women were included and their
mean age was 71.4 years (range, 51-86 years). Forty pa-
tients (57.1%) were symptomatic and all of them underwent
CEA within 2 weeks from the onset of stroke symptoms.
Asymptomatic patients (n=30) underwent CEA electively
due to aggravated carotid stenosis on follow-up carotid
duplex scanning or severe carotid stenosis detected by
health checkup program. The patients who had deterio-

Table 1. Characteristics of the patients

Characteristic Patients (n=70)

Men 52 (74.3)
Women 18 (25.7)
Symptomatic 40 (57.1)
Asymptomatic 30 (42.9)
Hypertension 51°
Diabetes 25°
Dyslipidemia 16°
Current smoker+Ex-smoker 46 (65.7)
Ischemic heart disease 1n°

Values are presented as number (%) or number only.

“Number of hypertension, diabetes, dyslipidemia, and ischemic
heart diseases represents those of cases because there were the
patients who had more than two diseases.

rated carotid stenosis on follow-up had history of regular
visit of department of neurology due to various neurologic
symptoms including headache, amaurosis fugax, or remote
stroke. Preoperative characteristics are presented in Table 1.

There were two cases of postoperative morbidities. One
was postoperative bleeding with hematoma which required
reoperation and the other was hypoglossal nerve injury
presented as tongue deviation. Although the patients who
had ischemic heart diseases were included, there were no
adverse cardiac events postoperatively. There were three
patients (4.3%) of minor stroke who showed any changes
on neurologic examinations postoperatively, such as ag-
gravated preoperative symptoms or newly developed neu-
rologic symptoms. All of the postoperative stroke patients
used temporary shunt because of low SP and they did not
show intraoperative changes in EEG, such as asymmetry,
slowing, or flattening. Two of them had severe stenosis of
contralateral internal carotid and they were confirmed as
border zone infarct on diffusion magnetic resonance im-
aging. All of the postoperative stroke patients recovered
reaching preoperative neurologic status at the time of
discharge. When operative mortality was defined as death
within 30 days from operation or death during the same
period of admission for operation, there was no operative
mortality.

When we divide the included patients into ‘shunt group’
(the patients who used intraoperative temporary shunt-
ing) and ‘clamp group’ (the patients who underwent CEA
without shunting), the characteristics of each group are
presented in Table 2.

Indications of shunting were low SP in 19 patients re-
gardless of EEG, low SP combined with changes in EEG in 3,
and changes in EEG regardless of SP in 4.

Shunt group was 26 (37.1%) and it included 18 symp-
tomatic patients. Mean SP of clamp group was 46.7 mmHg
and that of shunt group 28.7. The patients who had severe
stenosis of contralateral internal carotid artery (ICA) on

Table 2. Comparison between clamp group and shunt group

Pre-and intraoperative  Clamp group ~ Shunt group
. P-value
characteristic (n=44) (n=26)
Symptomatic patients 22 (50.0) 18 (69.2) 0.116
DM 17 (38.6) 9 (34.6) 0.736
Mean SP (mmHg) 46.7 28.7
Severe contralateral 1(2.3) 11 (42.3)" <0.010

stenosis of ICA?

Values are presented as number (%) or mean only.

DM, diabetes mellitus; SP, stump pressure; ICA, internal carotid
artery.

“It means stenosis of contralateral ICA measured on carotid duplex
scan. “Five patients having contra-lateral occlusion were included.
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preoperative carotid duplex scan were 11 (42.3%) in shunt
group and only 1 (2.3%) in clamp group (P<0.010). More-
over, five 1CA occlusion cases (no forward flow detected on
carotid duplex) were included in shunt group. There were
larger number of symptomatic patients in shunt group in
spite of no statistical significance (P=0.116).

DISCUSSION

CEA has been established as a standard procedure for
stenosis of 1CA both for symptomatic and asymptomatic
patients [8]. Although it has been reported that mean peri-
operative stroke rate is from 2% to 6% recently regardless
of presence of symptoms [9], Biller et al. [10] stated that
the perioperative stroke/death rate should be less than 3%
to realize the benefit of CEA for asymptomatic carotid ste-
nosis patients. We presented 4.3% of perioperative stroke
without any 30-day adjusted death. All of the perioperative
stroke cases were minor stroke and there were no periop-
erative stroke for asymptomatic carotid stenosis patients.
Although this study is single institution’s experiences with
limited number of cases, postoperative results might be
regarded as acceptable and beneficial for symptomatic and
asymptomatic patients compared with previously reported
results.

It is widely known that there is no established gold stan-
dard for intraoperative monitoring for CEA and choice of
intraoperative monitoring methods is closely related to type
of anesthesia. We have chosen general anesthesia because
of high reluctance to awareness of the patients and main-
tenance of stable blood pressure and ventilation by anes-
thesiologist under close monitoring. 1t was reported that
choice of anesthesia depends on the surgeon’s preferences
and team’s experiences because type of anesthesia is ir-
relevant to postoperative outcome even though CEA under
general anesthesia has higher odds of postoperative M1 and
hemodynamic instabilities [11]. One of the reports said that
both SP and EEG had poor sensitivity and intraoperative
monitoring of awake patients under regional anesthesia is
the most sensitive method for detecting cerebral ischemia
[12]. According to our results, all of the patients using tem-
porary shunting due to the changes in EEG who’s SP were
higher than 35 mmHg showed reversal of EEG changes af-
ter shunting. On the basis of these findings, EEG is thought
to be complementary to SP rather than that such observed
EEG changes were false-positive. If our institution should
maintain the strategy for CEA under general anesthesia due
to patients’ satisfaction and safety, instant monitoring with
SP combined with continuous one with EEG is considered
reasonable.

Indications of selective shunting of this study are solely
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dependent on the intraoperative monitoring and any pre-
operative relevant or predictive characteristics for shunt
usage are not well known. 1f CEA patients have high carotid
bifurcation, high distal end of plaque, long stenosis, or
short neck, adverse outcome can be expected due to diffi-
cult exposure, incomplete removal of atheromatous plaque,
distal embolization, or subsequent dissection of 1CA. If,
moreover, shunt is inserted for such cases, more perivascu-
lar dissection, longer operation time, and increased chance
of bleeding or cranial nerve injury could occur in addition
to complex surgical procedure due to shunt placement and
removal. 1t is helpful for both neurologists and vascular sur-
geons to choose proper carotid revascularization methods
or the operative techniques for wider and higher exposure if
there are preoperative factors predicting or being related to
shunt usage for patients expecting adverse outcome tech-
nically. From these perspectives, analysis was performed for
preoperative clinical or laboratory characteristics between
shunt group and clamp group. Although significantly large
number of patients having contralateral steno-occlusion
were included in shunt group, clinical significance of con-
tralateral 1CA steno-occlusion is still controversial because
it was considered as one of the risk factor for perioperative
stroke [13] although Sef et al. [14] documented that patients
with contralateral 1CA occlusion showed no impact on the
CEA outcome in spite of significantly lower SP. All of the
patients having contralateral occlusion did not present any
postoperative neurologic deficit despite that all of them
needed shunting. If patients have any conditions related to
difficult exposure combined with contralateral occlusion or
severe stenosis of 1CA, aggressive techniques for adequate
exposure, such as mandibular subluxation or dislocation
might be considered before operation [15].

Although there have been debates on routine shunting,
selective shunting, or routine non-use of shunt, there is no
evidence that one strategy is superior to others. It can be
debatable whether selective shunting based on dual moni-
toring strategy using EEG and SP should be maintained
or not because this study is not a prospective randomized
trial. EEG requires special devices, specialists, extra time
to install, and corresponding cost and it has well-known
shortcomings including low sensitivity for recent stroke
patients, time gap between cerebral ischemia and presen-
tation of changes in EEG under general anesthesia, or low
detection rate of subcortical ischemia [16,17]. We have tried
other monitoring methods recently and accurate intraop-
erative monitoring for CEA using transcranial doppler or
cerebral oximetry in addition to SP and EEG. Randomized
study for finding accurate and efficient monitoring with
larger volume of patients should be performed in the fu-
ture.
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In conclusion, perioperative stroke rate was 4.3% for CEA
under general anesthesia based on dual intraoperative mon-

itoring with SP and EEG and there was no 30-day adjusted
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