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ABSTRACT

Background: In this study, we evaluated altered blood pressure
responses within the first three days following carotid endarterectomy
in patients with contralateral carotid artery lesion.

Methods: A total of 111 patients (52 males, 59 females; mean
age 67.7+8.6 years; range 46 to 83 years) who underwent carotid
endarterectomy between March 2009 and November 2012 were
retrospectively analyzed. The patients were divided into two groups:
those with a patent contralateral carotid artery (group 1, n=65)
and those with a contralateral carotid artery stenosis (50% to 99%)
or occlusion (group 2, n=44). The changes of the blood pressure
compared to the baseline during the postoperative course were
analyzed and compared between the groups.

Results: In the postoperative period, group 2 patients had significantly
higher systolic, diastolic, and mean arterial blood pressure values,
compared to group 1 (p<0.05). During the postoperative period, the
need for intravenous antihypertensive drugs was significantly higher
in group 2, compared to group 1 (p<0.05). The dose of existing
antihypertensive medications during hospitalization increased or
additional antihypertensive medication was prescribed in 25 patients
(56.8%) in group 2 and 14 patients (21.5%) in group 1 after carotid
endarterectomy (p<0.05). In group 2, one patient experienced a
neurological complication involving a transient ischemia attack.
No significant postoperative neurological, surgical, or cardiac
complications developed in any patient in either group.

Conclusion: The present study showed that the patients scheduled
for carotid endarterectomy were at high risk for postoperative
hypertension in the presence of a stenosis (50 to 99%) or occlusion
of the contralateral internal carotid artery.

Keywords: Carotid endarterectomy; contralateral stenosis; occlusion;
postoperative hypertension.

0z
Amag¢: Bu calismada kontralateral karotis arter lezyonu olan

hastalarda karotis endarterektomiyi takiben ilk u¢ gun icinde
degismis kan basinci yanitlar: degerlendirildi.

Caligsma plani: Mart 2009 - Kasim 2012 tarihleri arasinda karotis
endarterektomi yapilan toplam 111 hasta (52 erkek, 59 kadin; ort.
yas 67.748.6 yil; dagilim 46-83 yil) retrospektif olarak incelendi.
Hastalar iki gruba ayrildi: kontralateral karotis arter patent olan
(grup 1, n=65) ve kontralateral karotis arter darlig1 (%50-99) veya
tikanikligi olan (grup 2, n=44). Ameliyat sonrasi izlem sirasinda
baslangica kiyasla kan basincindaki degisiklikler incelendi ve
gruplar arasinda karsilastirildi.

Bulgular: Ameliyat sonrasi donemde, grup 1’e Kkiyasla,
grup 2 hastalarinda sistolik, diyastolik ve ortalama arteriyel
basing degerleri istatistiksel olarak daha yuksekti (p<0.05).
Ameliyat sonrast donemde intravenoz antihipertansif ilag
ihtiyaci, grup 1’e kiyasla, grup 2°de anlamli diizeyde daha fazla
idi (p<0.05). Karotis endarterektomi sonrasi yatig sirasinda grup
2’de 25 hastada (%56.8) ve grup 1’de 14 hastada (%21.5) mevcut
antihipertansif tedavinin dozu artirildi veya antihipertansif
tedaviye ila¢ eklendi (p<0.05). Grup 2’de bir hastada gegici
iskemi atak seklinde norolojik komplikasyon goruldu. Iki grupta
da hi¢bir hastada ameliyat sonrasi1 anlamli norolojik, cerrahi veya
kardiyak komplikasyon geligmedi.

Sonug¢: Bu caligma, karotis endarterektomi planlanan hastalarin
kontralateral internal karotis arterde darlik (%50-99) veya tikanma
varliginda ameliyat sonrasi hipertansiyon agisindan yuksek riskli
oldugunu gosterdi.

Anahtar sozciikler: Karotis endarterektomi; kontralateral darlik; tikanma;
ameliyat sonrasi hipertansiyon.
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Carotid artery stenosis is an atherosclerotic disease
which usually affects the carotid artery bifurcation
and internal carotid artery (ICA) and also encompasses
the carotid baroreceptors an important anatomic
structure in this area.l"? Baroreceptors are one of the
main components of the physiological blood pressure
control mechanism, which play an active role in the
autoregulation of the blood flow.!"" Therefore, carotid
surgical procedures have the potential to affect the
baroreceptors.”

The well-defined conventional and eversion carotid
endarterectomy (C-CEA, E-CEA) techniques used
in the carotid artery stenosis treatment often reduce
the physiological baroreflex reserve, and, therefore,
disrupt the blood pressure homeostasis.’-* In addition,
the presence of contralateral carotid artery stenosis
is also one of the important variables which affects
the blood pressure homeostasis during carotid artery
surgery.” In this study, we evaluated altered blood
pressure responses within the first three days following
carotid endarterectomy in patients with contralateral
carotid artery lesion.

PATIENTS AND METHODS

Between March 2009 and November 2012, a total of
182 patients who underwent CEA for carotid artery
stenosis were screened for the evaluation of early
postoperative blood pressure changes and responses.
The exclusion criteria were as follows: redo CEA,
CEA simultaneous with coronary artery bypass
grafting, peripheral vascular surgery or valve surgery,
presence of a short interval between symptomatic
neurological event and the date of surgery (within two
weeks), surgery in the carotid area for any reason, and
uncontrolled preoperative hypertension. A total of
111 patients (52 males, 59 females; mean age 67.7+8.6
years; range 46 to 83 years) were included in this
retrospective study. The patients were divided into two
groups: those with a patent contralateral carotid artery
(group 1, n=65) and those with a contralateral carotid
artery stenosis (50% to 99%) or occlusion (group 2,
n=44). The choice of the CEA technique depended on
the anatomy of the ICA. Eversion CEA technique was
used in patients with the high carotid bifurcation or an
extensive arterial stenosis (long-segment stenosis) of
the ICA and in presence of pathological elongation of
the ICA (coiling or kinking), particularly distal smaller
caliber internal carotid artery.

Operative procedures were performed under
general anesthesia. Cerebral oximetry (near infrared
spectroscopy: NIRS) was used to determine the
presence of inadequate cerebral perfusion and the
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use of shunting during carotid clamping. Stump
pressure was considered reliable and cost-effective
method of measuring cerebral ischemia during CEA.
We adopted a practice of selective shunting based
on stump pressure <50 mmHg. Of note, we do not
routinely shunt on the basis of the status of the
contralateral carotid artery or on the symptom status
of the patient. A combination of NIRS and stump
pressure was used in our study.

In all our cases, carotid artery systemic pressure
was measured by inserting a 22-gauge needle into the
common carotid artery (CCA), proximal to the carotid
bifurcation and stenosis. Then, the CCA and the
external carotid arteries (ECA) were occluded and the
carotid systolic, diastolic, and mean stump pressures
were recorded after the CCA systolic, diastolic, and
mean pressures were recorded. Shunting was only
used, if the systolic stump pressure was <50 mmHg.
Prior to the induction, the anesthesiologist devoted
considerable efforts during the entire period of carotid
clamping to keep the systemic systolic pressure close
to, or preferably 10 mmHg higher than, the baseline
pressure.

The preoperative assessment of carotid artery
disease included carotid Duplex ultrasonography.
Complex bifurcation diseases with long, multifocal
lesions or an angulated ICA, extensive aortic or
brachiocephalic trunk plaque, or ring-like heavy
calcifications of the carotid bifurcation were
confirmed by magnetic resonance angiography. Blood
pressure was assessed on the day of admission within
the first six hours following surgery, and on the first
and third postoperative days. On admission, baseline
blood pressures values were recorded using three
non-invasive blood pressure measurements on each
arm. During the first six hours in the recovery room,
post-endarterectomy blood pressure values were
recorded at one-hour interval using the intra-arterial
blood pressure monitoring. Then, non-invasive
blood pressure measurements were performed on
each arm three times a day until discharge. For
patients who received antihypertensive agents which
could potentially affect the blood pressure values,
blood pressure measurements were standardized
performing one hour after the administration of
the antihypertensive agent. Values were presented
in mean values. Hypertension was defined when
the systolic pressure (SP) exceeded 140 mmHg or
the diastolic pressure (DP) exceeded 90 mmHg.
Postoperative hypertension (HTN) was defined as
elevated systolic pressures >180 mmHg or >40%
increase above normal. Postoperative hypotension
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was defined as reduced systolic pressures <90
mmHg or <40% decline below normal requiring
pharmacotherapy.

A written informed consent was obtained from
each patient. The study protocol was approved by
the Katip Celebi University Ataturk Training and
Research Ethics Committee. The study was conducted
in accordance with the principles of the Declaration of
Helsinki.

Surgical technique

Standard CEA: The CCA, ICA, and ECA were
exposed through an oblique incision parallel to the
anterior border of the sternocleidomastoid muscle.
Manipulation of the carotid body at the carotid
bifurcation was avoided. After systemic heparinization,
the CCA, ECA, and ICA were clamped. A longitudinal
arteriotomy was made in the CCA and extended to
the ICA distal to the end of the atherosclerotic plaque.
It was followed by a meticulous CCA, ECA, and
ICA endarterectomy. Based on the discretion of the
surgeon, the ICA intima was removed or a patch was
used for closure. In case of complete hemostasis, the
incision was closed.

Eversion CEA: The E-CEA technique involved an
oblique transection of the ICA from the CCA at the
bulb. After division, the ICA appeared redundant; a
cephalad incision from the heel of the transected ICA
was used to shorten the artery. The ICA was everted
over the atheroma core. It is important to remove
the most external layers of the media to maintain the
eversion of the artery over the end of the atheroma. The
endpoint was directly visualized and loose fragments
were removed; 6-0 or 7-0 monofilament sutures were
placed distally, if necessary.

After completion of the ICA endarterectomy, the
arteriotomy was able to be extended to the CCA to
facilitate removal of the CCA and ECA plaque. The
ICA was, then, tailored and shortened, if necessary
for re-anastomosis to the CCA. In case of complete
hemostasis, the incision was closed.

Statistical analysis

Data were saved in an electronic database
(Microsoft Excel, Redmond). The StatDirect statistical
software version 2.7.3 (The StatDirect Ltd, Cheshire,
United Kingdom) was used for statistical analysis.
Differences among systolic arterial pressure (SAP),
diastolic arterial pressure (DAP), and mean arterial
pressure (MAP) were calculated using an unpaired
t-test. The chi-square test was used to compare the
differences between the variables. A two-sided p value

was computed. A p value of <0.05 was considered
statistically significant.

RESULTS

Demographic and clinical characteristics of the
patient groups are similar and shown in Table 1. The
mean age of the patients was 69.2+9.2 years in group 1
and 66.2+7.9 years in the CEA group 2. Of all patients,
44.6% and 52.2% were males in group 1 and group 2,
respectively. Twenty-seven patients in group 1 (84.3%)
and 25 patients in group 2 (89.2%) had a normal blood
pressure (systolic blood pressure <140 mmHg and
diastolic pressure <90 mmHg) on antihypertensive
medication. During the first six hours in the recovery
room and after step-down to the surgical ward until
discharge, the need for intravenous and oral vasodilators
in group 2 was significantly higher than in group 1
(p<0.05). The dosage of existing antihypertensive
medications during hospitalization was increased or
additional antihypertensive medication was prescribed
in 25 patients (56.8%) in group 2 and 17 patients (26.1%)
in group 1 after CEA (p<0.05). The preoperative
baseline arterial pressures were the same in both
groups and changes in postoperative arterial pressures
are shown in Table 2 and Figure 1.

There were significant differences in all preoperative
and postoperative arterial pressures (SAP, DAP, and
MAP) after CEA between the two groups (Table 2,
Figure 1). In group 1, neurological complications were
observed only in one patient in the form of a transient
ischemic attack. None of the patients with postoperative
HTN requiring pharmacological treatment had a
cardiac complication. The other complications are
summarized in Table 1. There was no difference in the
length of hospitalization of patients in either group.

DISCUSSION
Postoperative blood pressure alteration immediately
following CEA is a well-known clinical

manifestation.l>!”  Postoperative hypertension is
common after CEA with a prevalence in 11% to
56% of patients with 40% or more patients requiring
specific therapeutic intervention.'®!"'?! Several studies
have demonstrated that hypertension caused by
baroreflex dysfunction is associated with higher
levels of cardiovascular and neurological mortality
and morbidity."*!¥! Untreated hypertension is often
considered to be one of the independent risk factors for
poor outcome following CEA. While certain studies
describe a positive relation between perioperative
hypertension and the risk of poor neurological
outcome or death after CEA, other studies have not
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Table 1. Demographic and clinical characteristics of patients undergoing carotid endarterectomy

Group 1 (n=65)

Group 2 (n=44)

n % Mean+SD n Yo Mean+SD p

Age (year) 69.2+9.2 66.2+7.9 NS
Gender

Male 29 446 23 522 NS
Body surface area (m?) 25.2 26.1 NS
Surgical site (left) 25  78.1 19 67.8 NS
Surgical technique

Eversion carotid endarterectomy 35 28 NS

Conventional carotid endarterectomy 30 16 0.04
Hypertension 27 843 25 892 NS
Coronary artery disease 9 28.1 10 35.7 NS
Diabetes mellitus 12 375 12 428 NS
Hyperlipoproteinemia 25 781 24 857 NS
Peripheral artery disease 3 9.3 2 7.1 NS
Chronic obstructive pulmonary disease 4 12.5 3 10.7 NS
Nicotine use 15 468 14 50 NS
Alcohol use 5 15.6 6 21.4 NS
Stenosis 82.1+£6.8 76.8+5.5 0.06
Contralateral stenosis (%)

50-69 - - 27 613

70-99 - - 12 274
Contralateral occlusion - - 5 11.3
On antihypertensive medication 28 875 25 89.2 NS
Complications

Mortality 0 0 NS

Stroke 1 0 NS
Dysesthesia wound areas 8 4 0.03

Cranial nerve injury 1 0 NS
Neck hematoma 2 1 NS
Shunting 8 12.3 5 11.3 NS

SD: Standard deviation; NS: Non-significant; Group 1: Contralateral internal carotid artery lesion (defined as more than 50% stenosis or occlusion); Group 2:

Contralateral carotid artery patent.

found such a relationship.'*!*" Due to the current
discussions and uncertainty concerning the effect
of preoperative and postoperative hypertension on
postoperative outcomes, patients with uncontrolled
preoperative hypertension were excluded.

Previous studies have also demonstrated that
atheromas located in the carotid sinus area may impair
the baroreceptors sensitivity, and, eventually, result in
perioperative and postoperative hypertension.!31617
A several variety of causes described in numerous
studies as factors which significantly contribute to the
development of hypertension include the severity and
side of carotid stenosis; prior ipsilateral hemispheric
neurological symptoms (stroke or TIA); the presence
of contralateral disease; history of previous ipsilateral
or contralateral carotid surgery; and the surgical
techniques being used.!®:16-18-21]
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Furthermore, several studies have defined
preoperative neurological deficits as independent
predictors of hypertension following CEA.B622
Hypertension is common following ischemic stroke;
however, target values of the arterial pressure
following stroke still remain a matter of debate.”
Increased perioperative arterial pressure lability may
be also observed in patients who have recently had
TIA.”' As recent stroke is one of the common risk
factors for adverse neurological outcomes following
CEA, patients who are at a higher risk will require
urgent surgery, along with the fact that there will
be less time to check their other risk factors, such
as hypertension.” As a result, the risk of delaying
surgery may exceed the benefits gained from
delaying surgery, until an acceptable arterial pressure
is achieved. Therefore, the exclusion criteria, as
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Table 2. Mean arterial pressures at baseline and postoperatively

Preoperative Postoperative 0-6 h Postoperative 6-24 h Postoperative 72 h
Median IQR Median IQR Median IQR Median IQR
SAP
Group 1 133.42  101.32-162.43 11378 96.23-135.98 125.56  103.43-158.71 12494  106.18-147.82
Group 2 13095  105.17-155.33 129.45  102.23-152.98 137.66  108.43-162.71 13597  106.78-160.22
p NS 0.01 0.01 0.02
DAP
Group 1 75.84 59.76-86.17 66.74 55.08-80.14 71.86 54.96-85.82 7291 58.78-87.44
Group 2 72.55 55.56-84.27 70.14 53.68-81.93 79.90 62.68-89.88 71.07 60.04-92.25
p NS NS 0.03 0.05
MAP
Group 1 94.53 79.29-103.17 86.16 78.09-100.76 90.01 75.06-103.08 91.27 70.09-105.98
Group 2 90.47 77.11-100.34 9092  80.36-104.55 98.05 82.17-111.18 96.47  70.09-110.88
p NS 0.04 0.02 0.03

IQR: Interquartile range; SAP: Systolic arterial pressure; DAP: Diastolic arterial pressure; MAP: Mean arterial pressure.

discussed in the present study, were considered to be
the presence of a short interval (within two weeks)
between the symptomatic neurological event and the
date of surgery.

Several studies have investigated technique-
related blood pressure effects.!!*162425 Eversion CEA
is associated with a higher incidence of postoperative
hypertension, higher levels of vasodilator use, and
lower levels of vasopressor use after surgery compared
to standard longitudinal endarterectomy with or
without patch angioplasty.!¥ This finding is most
likely to be attributed to the baroreceptor apparatus

and the almost certain need for carotid sinus nerve
transection using the eversion technique.® On the
other hand, increased carotid bulb diameters in
patch angioplasty, following C-CEA, may cause an
increased wall tension, which is at the same ratio as
that of the intraluminal arterial pressure.?!

In this study, the presence of these important
variables was excluded as a possible risk factor
for postoperative hypertension, while the presence
of lesions of the contralateral carotid artery was
identified as a significant risk factor for postoperative
hypertension. The fact that the presence of contralateral
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Figure 1. Systolic, diastolic, and mean arterial pressures change from baseline at 72 h after surgery.

SAP: Systolic arterial pressure; MAP: Mean arterial pressure; DAP: Diastolic arterial pressure.
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stenosis, which is independent from many of the other
contributors to the development of hypertension, is
associated with the increased sympathetic activity
during the early perioperative period, and is most
likely to be attributed to an atheroma in the carotid
sinus region related to baroreceptor impairment.
Postoperative patients, who are at risk of contralateral
stenosis, are clinically more prone to blood pressure
derailment than those who are not. The former may
also require a closer monitoring of blood pressure.

Surgery to the carotid arteries often results in
baroreceptor impairment.!!"181 Surgical removal of
a carotid plaque partially disrupts the baroreceptor
activity, immediately leading to hypertension,
as well as increased instability in the arterial
pressure.l'™® This effect, which may continue for
several hours or days following surgery,!'”! may
result from the stripping of sensory nerve endings
from the arterial lumen.!" Patients with an advanced
contralateral carotid atheroma tend to have a higher
incidence of both intraoperative and postoperative
hypertension episodes than patients with normal
contralateral carotid arteries.'®®! This is mainly
due to the dysfunction in the bilateral baroreceptor
and the reduced baroreflex reserve.'® In addition,
baroreceptor insensitivity has also been observed
among hypertensive patients.!''? Even after unilateral
CEA, baroreflex failure syndrome can be a potential
complication for hypertensive patients with severe
bilateral atherosclerotic lesions.?S! Although there are
numerous risk factors associated with the development
of postoperative hypertension, it is important to
exercise particular caution during the dissection
of the CCA in patients with bilateral baroreceptor
dysfunction and reduced baroreceptor reserve in
order to avoid damaging the vagus nerve and the
carotid sinus and also to prevent carotid baroreceptor
dysfunction.

Postoperative hypertension is usually transient and
peaks within the first few hours after surgery and the
pathophysiology of this usually episodic hypertension
might be related to induce abnormalities of carotid
baroreceptor sensitivity.” The results of the current
study showed that the baroreflex dysfunction decreased
significantly on postoperative day one and remained
noticeably lower on postoperative day three; however,
on postoperative day three, the baroreflex dysfunction
also seemed to show a gradual trend (or increase)
towards recovery.”® The transience of the reduced
baroreflex dysfunction might be associated with the
recovery of the baroreflex dysfunction through the
baroreflex apparatus located on the contralateral side,
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and the aortic arch a compensatory mechanisms, which
may require several days for adaptation.!

In this study, SAP, MAP and DAP were statistically
significantly higher in the contralateral lesion group,
compared to the patent contralateral carotid artery.
In other words, we observed that the presence of a
contralateral carotid artery lesion contributed to the
baroreflex dysfunction and its associated postoperative
hypertension. In addition, while a continuous and
gradual increase was observed in the early postoperative
blood pressure following endarterectomy, this blood
pressure values began to descend towards to baseline
values on postoperative day four.

On the other hand, our study has some limitations.
The main limitations were small sample size and the
retrospective design of the study. In addition, during
follow-up, the baroreceptor sensitivity was unable to
be evaluated. Despite these drawbacks, after carotid
endarterectomy, we believe that our findings are highly
relevant to development of postoperative hypertension
in presence of contralateral carotid lesion.

In conclusion, the present study demonstrates that
compared to the presence of contralateral carotid
artery stenosis, this pathology is associated with
increased postoperative hypertension during the early
perioperative period, mainly because of the loss of the
baroreceptor reflex due to the presence of atheroma in
the carotid sinus region. Considering that hypertension
following carotid endarterectomy is multi-factorial and
that patients with this condition have a higher risk of
complications due to uncontrolled hypertension, the
physician’s goal with such patients must be to analyze
the relevant preoperative risk factors in detail and to
bring the hypertension under control in a reliable and
effective manner.
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