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A Retrospective 10-Year, Single-Institution Study of Carotid
Endarterectomy with a Focus on Elderly Patients
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Background and Purpose This study evaluated the outcome following surgery for carotid
artery stenosis in a single institution during a 10-year period and the relevance of aging to
access to surgery.

Dong-Wha Kang® Methods Between January 2001 and December 2010, 649 carotid endarterectomies (CEAs)
Jong 8. Kim* were performed in 596 patients for internal carotid artery occlusive disease at our institution;
Young Soo Chung’ 596 patients received unilateral CEAs and 53 patients received bilateral CEAs. Data regarding
Sung Shin® patient characteristics, comorbidities, stroke, mortality, restenosis, and other surgical compli-

cations were obtained from a review of medical records. Since elderly and high-risk patients
comprise a significant proportion of the patient group undergoing CEAs, differences in co-
morbidity and mortality were evaluated according to age when the patients were divided into
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Results The mean age of the included patients was 67.5 years, and 88% were men. Symptom-
atic carotid stenosis was observed in 65.7% of patients. The rate of perioperative stroke and death

°Neurology, University of Ulsan (within 30 days of the procedure) was 1.84%. The overall mortality rate was higher among pa-
College of Medicine and tients in the 70-79 years and >80 years age groups than among those in the <70 years age group,
Asan Medical Center, Seoul, Korea but there was no significant difference in stroke-related mortality among these three groups.
“Department of Surgery,

Pusan National University Hospital, Conclusions CEA over a 10-year period has yielded acceptable outcomes in terms of stroke
Busan, Korea and mortality. Therefore, since CEA is a safe and effective strategy, it can be performed in elder-
ly patients with acceptable life expectancy.
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INTRODUCTION

Stroke is the second leading cause of death after cancer in Korea. According to the 2005
Korean National Health and Nutrition Examination Survey, the age-standardized preva-

Received  February 13,2015 lence of stroke diagnosed by physicians was 15.9 per 1,000 (men, 16.44 per 1,000; women,
Revised  July 20,2015 15.39 per 1,000). When stratified according to age, the stroke prevalence increases after
Accepted  July21, 2015 the sixth decade of life: for every 1,000 people, it is 6.53, 24.26, 57.96, and 67.45 in the fifth,
Correspondence sixth, seventh, and eighth decades, respectively. The estimated stroke incidence was 216 per

Tae-Won Kwon, MD, PhD
Division of Vascular Surgery,

100,000 person-years based on the 2004 insurance claim database of the Korean Health In-

Department of Surgery, surance Review Agency and national death certificate data. According to an analysis of data
Asan Medical Center, from the insurance claim database of the Korean Health Insurance Review Agency, isch-
88 Olympic-ro 43-gil, Songpa-gu, . . . .

Seoul 05505, Korea emic stroke accounted for 76.1% of cases and hemorrhagic stroke 23.9% in 2009.' Stenosis
Tel +82-2-3010-3492 of the carotid artery is a major cause of stroke and other adverse neurological events. The

Fax +82-2-474-9027

E-mail twkwon2@ame.seoul.kr effectiveness of open carotid endarterectomy (CEA) in reducing the risk of stroke in select-

“Dr. Hojong Park has moved since ed patients with carotid artery stenosis has been established since the first successful proce-
performing the work described in the dure was carried out in 1954.>° In several large reviews, the combined risk of perioperative
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stroke or death in patients undergoing CEA was approxi-
mately 3% for asymptomatic and 5-6% for symptomatic ste-
nosis.*¢ Carotid artery stenting (CAS) may be performed in
high-risk patients with carotid stenosis, but CEA remains the
standard of care, even in high-risk surgical patients.

Our experience and outcomes with CEA in carotid steno-
sis over a 10-year period are presented herein. The aim of
this study was to establish whether these CEA outcomes con-
cur with those presented in large international trials, and to
determine whether CEA is a safe procedure in elderly and
high-risk patients.

METHODS

Patients
The medical records from a hospital database of 596 con-
secutive patients who underwent CEA over a 10-year period
(January 2001 to December 2010) at our institute were re-
viewed retrospectively. Demographic details, comorbidities,
stroke, mortality, restenosis, cause of death, and other surgi-
cal complications were analyzed for patients who underwent
CEA during the study period. The operative criterion for eli-
gibility for CEA was symptomatic >60% stenosis or asymp-
tomatic >70% stenosis of the internal carotid artery (ICA)
according to neurological symptomatology, where the de-
gree of stenosis was determined on a carotid duplex scan. In
symptomatic carotid stenosis, most patients have complained
of at least two kinds or complex symptoms. If the patient
complained of at least two kinds of symptoms, all symptoms
were checked. Nonspecific symptoms (e.g., dizziness, head-
ache, paresthesia, and tremor) were classified separately.
Bilateral carotid stenosis was managed with staged endar-
terectomy. In symptomatic patients, CEA was initially per-
formed for the symptomatic side, and asymptomatic patients
initially received CEA for the side with higher-grade carot-
id stenosis. At the onset of the study, patients received con-
tralateral CEA a few weeks after the initial CEA. However, in
the later period of the study, closely staged bilateral CEAs
were performed with an intersurgical period of 7 days. Only
the first CEA case was included when assessing the mortal-
ity rate for patients who underwent bilateral CEA. Differ-
ences in comorbidity and mortality were analyzed accord-
ing to age after dividing the patients into three age groups:
<70 years, 7079 years, and >80 years. Patients were also
divided into two groups according to the American Society
of Anesthesiologists (ASA) physical status classification sys-
tem to evaluate differences in mortality according to each
patient’s physical status. Patients with an ASA score of >3
were considered “high risk,” while those with an ASA score
of <2 were considered “low risk” This study was approved
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by the Institutional Review Board of our institution.

Diagnostic studies and operative technique
Diagnostic studies included preoperative carotid duplex ul-
trasound scanning and either magnetic resonance angiogra-
phy (MRA) or conventional cerebral angiography. The pre-
operative diagnostic imaging studies performed varied over
the 10-year study period, and conventional cerebral angi-
ography was performed only in the late period of this study
in cases of disagreement between two other diagnostic im-
aging studies. Antiplatelet medications were continued and
not stopped during the perioperative period. The surgical
procedures were preferably carried out under regional cer-
vical block (superficial and deep), with general anesthesia
with endotracheal intubation only used selectively in patients
who were expected not to tolerate ICA clamping on preop-
erative MRA.

Systemic heparinization was administered to all patients (80
IU/kg up to 5,000 IU, intravenously) before carotid clamping.
In patients with regional cervical block, the carotid shunt
was inserted when the patients developed mood change, or
speech or motor dysfunction. A carotid shunt was used rou-
tinely in selected patients with general anesthesia. Endar-
terectomy was performed in the standard fashion and patch
angioplasty with bovine pericardium patch (Vascu-Guard,
Bio-Vascular, Saint Paul, MN, USA) was performed in the
majority of patients. The sutures were tacked to secure the
distal intimal flap and ICA plication if necessary.®* Comple-
tion imaging at the time of the endarterectomy was used se-
lectively. When distal anastomosis site narrowing or distal
dissection with flow disturbance was suspected, duplex scan-
ning or angiography was performed upon completion of the
surgery.

Surveillance

All patients were monitored in the intensive care unit for at
least 8 hours postoperatively, and were followed up both
clinically (by a neurologist for patients who developed new
neurological symptoms) and by magnetic resonance imaging
(MRI) with angiography before discharge, followed by col-
or-flow duplex ultrasonography at 3 months postoperative-
ly and then every year thereafter. Patients with a neurological
deficit were followed up by both a neurologist and vascular
surgeon after discharge. The presence of a restenosis was
evaluated in the duplex ultrasonography findings, making
several measurements in different planes. The blood volume
flow, velocity, and spectral analysis waveform were also mea-
sured. For this study, restenosis was defined as recurrent lu-
minal narrowing of >50% with a peak systolic velocity of >125
cm/s at the endarterectomy site. Patient characteristics, co-



morbidities, stroke, mortality, restenosis, cause of death, tech-
nical aspects of the CEA (use of a shunt and a patch), long-term
outcomes, and other surgical complications were obtained
from a review of medical records. A major infarction with
sequelae was defined as a neurological deficit lasting more
than 6 months with proximal infarction in the cerebral ar-
terial territory (distal ICA, proximal middle cerebral artery,
or basilar artery) at the follow-up imaging study, and when
the patient could not manage activities of daily living with-
out assistance from others, had dysphasia, or was unable to
take part in simple communication. A minor infarction was
considered as a stroke only if symptoms or signs lasted lon-
ger than 24 hours and led to some lifestyle restrictions or did
not interfere with the patient’s lifestyle. Postoperative stroke
(defined as an acute neurological event with focal symp-
toms and signs lasting for 24 hours or more) and death were
considered major complications; other surgical complica-
tions such as cranial nerve injury, wound hematoma, wound
infection, and other cardiovascular problems were defined as
minor complications. The perioperative period was defined
as the 30-day period after surgery, and the postoperative pe-
riod as the period from the surgical procedure until either
the surgeon discharged the patient from their care or was
fully recovered without a time limit of 30 days after surgery.
Stroke-related death was considered when there was a his-
tory of stroke and no more obvious specific cause or death
from cerebrovascular disease. Stroke-related death was de-
fined as 1) stroke-induced brain herniation or respiratory ar-
rest from brainstem stroke, 2) aspiration caused by stroke,
or 3) an immobilization-related event (e.g., sepsis from a
decubitus ulcer, or pulmonary embolism from deep venous
thrombosis) including those occurring in the nonacute phase
after stroke. The data were collected from medical records
and a call to each patient to gather information on patients
who had died before July 1, 2012.

Statistical analyses

The R package (version 3.0.2, R Foundation for Statistical
Computing, Vienna, Austria) and the Statistical Package for
the Social Sciences (version 19.0, SPSS Inc., Chicago, IL,
USA) were used for all statistical analyses. Cox multiple-re-
gression models were used to calculate the hazard ratio
(HR), 95% confidence interval (CI), and corresponding p
values. Gender and diabetes were used as covariates. Differ-
ences in mortality and stroke-related mortality according to
age were analyzed with aged <70 years as a reference group.
The chi-square test and Fisher’s exact test were used to com-
pare risk factors and mortality among subgroups. Kaplan-
Meier curves and estimates of survival data were used to ac-
count for differing survival times. The cutoft for statistical
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significance was set at p<0.05.

RESULTS

In total, 649 CEA procedures were performed in 596 pa-
tients, with 53 patients undergoing bilateral CEA. The base-
line characteristics of the patients who underwent CEAs are
given in Table 1. The male-to-female ratio was 7.2:1, and the
mean age was 67.5 years.

CEA with patch angioplasty was the main surgical method
used in this study, with an autologous vein patch being used
in 137 cases, a bovine patch in 485, and a polytetrafluoroeth-
ylene patch in 4. CEA was performed with primary closure
in 11 cases and with eversion in 12. With regard to anesthesia,
regional cervical block and general anesthesia were per-

Table 1. Baseline characteristics of patients who underwent carotid
endarterectomy (CEA)

n (%)
Number of patients 596
Age, mean£SD, years 67.51£7.8

Male gender 523/596 (87.7)
Bilateral CEAs 53
Atherosclerotic risk factors
Current smoker 94 (15.7)
Diabetes 224 (37.5)
Hypertension 466 (78.1)
Hyperlipidemia 275 (46.1)
Coronary artery disease 83(13.9)
Physiologic risk factors
Chronic obstructive pulmonary disease 76 (12.8)
Chronic kidney disease 50 (8.4)
ASA grade
ASA <3 517 (86.7)
ASA >3 79 (13.3)
Symptoms
Asymptomatic 190
Lacune 41
Silent infarct 2
Symptomatic 41
Hemiparesis 318
Speech disturbance 92
Hemispheric TIA 11
Ocular TIA 26
Non-specific symptoms 48
Dizziness & headache 30
Paresthesia 16
Tremor 2

37/596 (6.2%)

ASA: American Society of Anesthesiology, TIA: transient ischemic at-
tack.

Patients with cancer as co-morbidity
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formed in 546 and 103 cases, respectively. In 2 patients, re-
gional cervical block was performed initially, but was con-
verted to general anesthesia during surgery due to mood
change. A shunt was used in 123 of the 649 CEAs: in 62 of
546 with regional anesthesia (11.4%) and in 61 of 103 with
general anesthesia (59.2%). The operative details of the CEAs
are given in Table 2.

Following CEA, 591 cases underwent MRI prior to dis-
charge. There were abnormalities on MRI consistent with
asymptomatic emboli. Review of the entire MRI results re-
vealed 23 cases of asymptomatic emboli; however, there were
no MRI images for 58 cases in the early study period. In prac-
tice, it is possible that asymptomatic emboli can be observed
in a greater number of cases. The patency of the ipsilateral
carotid artery was assessed with the aid of duplex ultraso-
nography during the follow-up period. Carotid restenosis af-
ter CEA occurred after a median of 6 months (range: 0-24
months). Restenosis was defined as recurrent luminal nar-
rowing of >50% at the endarterectomy site, and this was de-

Table 2. Operative details of the carotid endarterectomy (CEA) pro-
cedures

n (%)

Anesthesia

Regional 546 (84.13)

General 103 (15.87)
Shunt 123 (18.95)

Regional 62 (11.36)

General 61(59.2)
Simultaneous CEA and CABG 5
Closure

Venous patch 137

Bovine patch 485

Polytetrafluoroethylene patch 4

Primary closure "

Eversion 12

CABG: coronary artery bypass graft.

Table 4. Analysis of comorbidity and mortality in the 3 age groups

tected in 11 cases (1.69%), all of which were asymptomatic.
Use of the cumulative event rate to calculate restenosis dur-
ing follow-up revealed restenosis rates of 1.1% and 1.9% at
24 months and 48 months, respectively.

Perioperative ipsilateral stroke occurred in seven cases
(1.07%), of which four and three were symptomatic and as-
ymptomatic preoperatively, respectively. Perioperative stroke
was diagnosed both clinically by a neurologist for patients
who developed new neurological symptoms and by MRI
with angiography. A major ipsilateral infarction with sequel-
ae occurred in three patients, and a minor ipsilateral infarc-
tion without sequelae occurred in four. Contralateral infarc-
tion occurred in 23 patients during the follow-up period.

Table 3. Perioperative complications within 30 days of carotid end-
arterectomy

Number of patients

Major morbidity/mortality (stroke, death) 1
Stroke 9
Death

Acute myocardial infarction 1
Thoracic aortic aneurysm rupture 1

Minor morbidity
Local complication

Cranial nerve injury Transient ~ Permanent

Facial nerve 2 1

Hypoglossal nerve 10

Laryngeal nerve 2
Laryngeal edema 20
Hyperperfusion 3
Bleeding, hematoma 18

Systemic complication
Operation related None
Operation non-related
Pneumonia
Acute myocardial infarction

Younger than 70 years (n, %)

70-79 years (n, %) Older than 80 years (n, %) p value

N 344
Diabetes 145/344 (42.2)
CAD 471344 (13.7)
Hypertension 268/344 (77.9)
Hyperlipidemia 158/344 (45.9)
Smoking 195/344 (56.7)
Chronic obstructive pulmonary disease 38/344 (11.0)
Chronic renal failure 22(344 (6.4)

Death 53/344 (15.4)
Stroke-related death 9/344 (2.5)

229 23

76229 (33.2) 3/23 (13.0) 0.003*
33/229 (14.4) 3/23 (13.0) 0.953*
182/229 (79.5) 16/23 (69.6) 0.538"
105/229 (45.8) 12/23 (52.1) 0.839"
118/229 (51.5) 12/23 (52.1) 0.466"
37/229 (16.2) 1/23 (4.4) 0.093*
25/229 (10.9) 3/23 (13.0) 0.115*
45[229 (19.7) 6/23 (26.1) 0.206*
6/229 (2.6) 1/23 (4.6) 0.695*

*the Fisher's exact test was used, 'the chi-square test was used.
CAD: coronary artery disease.
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Table 5. Comparison of overall mortality and stroke-related mortality for each age group

Group (year) HR LCL ucCL p value

Overall death

Younger than 70 years Reference

70-79 years 1.802 1.227 2.647 0.003

Older than 80 years 3.771 1.694 8.394 0.001
Stroke-related death

Younger than 70 years Reference

70-79 years 1.540 0.545 4.351 0.416

Older than 80 years 5.005 0.594 42.180 0.139

HR: hazard ratio, LCL: lower confidence limit, UCL: upper confidence limit.

There were 2 perioperative contralateral infarctions, and 3
cases that developed during follow-up were major contralat-
eral infarction; the remaining 18 cases were all asymptom-
atic minor infarction. Furthermore, there were 15 cases of
cranial nerve injury, 20 of laryngeal edema, 3 of hyperperfu-
sion syndrome, and 18 of bleeding and hematoma (2 of which
required revision) (Table 3).

The median follow-up period over the 10-year study pe-
riod was 48 months; 104 patients died during the follow-up
period (17.4%). Within 30 days of surgery, there were two
deaths and nine strokes, giving a combined rate of periopera-
tive death or stroke of 1.84%. The cause of death was inves-
tigated to identify the relevance of CEAs and deaths, and di-
vided into stroke-related and stroke-unrelated deaths. There
were 16 stroke-related deaths, including deaths from aspira-
tion or cerebrovascular disease, and 88 stroke-unrelated
deaths, including deaths from cancer (n=31), heart problems
(n=18), pneumonia (n=11), aging (n=9), and end-stage re-
nal disease (n=4). Use of the cumulative event rate to calcu-
late the rates of mortality and stroke-related death during fol-
low-up yielded mortality rates of 7.6% and 16.5%, and stroke-
related death rates of 0.6%, 2.8% at 24 months and 48 months,
respectively.

Differences in comorbidity and mortality were analyzed ac-
cording to age, and with patients stratified according to the
following age groups: <70 years, 70—79 years, and >80 years.
The proportions of symptomatic carotid artery stenosis did
not differ among these three age groups [63.0% (237/376),
63.8% (157/246), and 62.9% (17/27), respectively; p=0.920].
There were also no significant differences among the three
groups with regard to comorbid conditions, except for those
with diabetes. The rate of diabetes was lowest in the octoge-
narian group. The overall mortality rate was higher among
patients in the 70-79 years and =80 years age groups than
those aged <70 years (70-79 years: HR=1.80, 95% CI=1.2-2.6,
p=0.003; =80 years: HR=3.77, 95% CI=1.7-8.4, p=0.001);
however, there were no significant differences in stroke-relat-
ed mortality among the three age groups. The comorbidity

and mortality rates in the three age groups are given in Table
4 and 5, and Kaplan-Meier curves illustrating overall sur-
vival and stroke-related survival are shown in Fig. 1. Differ-
ences in mortality and stroke-related mortality according to
age were analyzed using patients aged <70 years as a refer-
ence group. The high-risk group of patients had a higher
overall mortality than the low-risk group (HR=2.38, 95%
CI=1.4-4.2, p=0.003), but there was no significant difference
in stroke-related mortality between the two groups. An anal-
ysis of the mortality results for each risk group is shown in
Fig. 2.

DISCUSSION

CEA has been performed in many institutions in many coun-
tries, and the outcomes identified in large randomized con-
trolled trials (RCTs) of CEA are in broad agreement. As ex-
pected at the beginning of this study, the results presented
herein are consistent with those of large international re-
views. CAS has recently emerged as an alternative treatment
for patients considered with an increased risk of periopera-
tive complications. However, defining which patients actually
fall into this high-risk group has been difficult, and it is un-
clear whether the incidence of complications after CEA is in-
creased in elderly and high-risk patients. Patients at high risk
for CEA or CAS might be difficult to randomize due to con-
cerns regarding possible complications and/or poor out-
comes. Therefore, the aim of this study was to identify wheth-
er CEA is a safe procedure in elderly and high-risk patients.

A relatively low rate of adverse events after CEA was found,
with a perioperative death or stroke rate of 1.84% and a cra-
nial nerve injury rate of 2.3%. The stroke/mortality rate is
comparable to that found in both the European Carotid Sur-
gery Trial (ECST) and the North American Symptomatic
Carotid Surgery Trial (NASCET).>**'

The incidence of cranial nerve injury reported in the lit-
erature ranges from 3% to 47.5%, depending on whether the
study was conducted retrospectively or prospectively and on
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Fig. 1. Survival in the patients stratified according to age as follows: 70 years, 70-79 years, and =80 years. Kaplan-Meier curve illustrating the
overall survival relative to age. Patients aged 70-79 years and =80 years had a higher overall mortality rate than those aged <70 years. B: Kaplan-
Meier curve illustrating stroke-related survival relative to age. There was no significant difference in stroke-related mortality among the three age

groups studied.

the sensitivity of the method used to investigate nerve dam-
age.>'*!" The reported rates of postoperative cranial nerve
injury found in both NASCET (8.6%) and ECST (5.1%) were
considerably higher than in the present study (2.3%).*'* Most
of those injuries in the present study were temporary, with
permanent facial nerve deficit noted in only one patient who
had undergone revision of the wound due to postoperative
bleeding. However, since the neurological evaluation for cra-
nial nerve injuries was limited to symptomatic patients, it is
possible that transient cranial nerve injuries that were clini-
cally insignificant went undetected in this study.’

The risk factors for shunting include a reduction in the
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patent segment in the contralateral hemisphere or absence
of both the anterior and posterior communicating arteries
in the preoperative MRA.” In patients with regional cervical
blockage, the carotid shunt was inserted based on alterations
that developed after the carotid artery was clamped, as found
in a neurological examination. A carotid shunt was used rou-
tinely in patients under general anesthesia; however, CEA
was performed without routine shunting in selected patients
under general anesthesia in the later period of the study.
Shunt use was determined by preoperative MRA and intra-
operative cerebral oximetry; preoperative MRA is valuable
when predicting cerebral ischemia during CEA. CEA was
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Fig. 2. A: Kaplan-Meier curve illustrating overall survival in the patients stratified according to surgical risk: high and low. The high-risk group had
a higher overall mortality than the low-risk group. B: Kaplan-Meier curve illustrating stroke-related survival in the two surgical risk groups. There
was no significant difference in stroke-related mortality between the two groups.

performed without a shunt if there were patent intracranial
arteries in the contralateral hemisphere and patent commu-
nicating arteries, but shunting was performed if cerebral ox-
imetry fell by >10% during carotid artery clamping. Periop-
erative stroke or death did not occur in nonshunted patients
in this study. In principle, we use carotid shunt routinely in
patients with general anesthesia.

There were 16 stroke-related deaths during the 10-year pe-
riod, with the remaining deaths being due to other causes.
Comorbidities and life expectancy appear to have a consider-
able impact on mortality, since cancer and heart disease ac-
counted for almost half of the deaths in this study (not in-
cluding patients with an unknown cause of death).

A subgroup analysis of the pooled data from large RCTs
revealed that men and patients aged >75 years received the
greatest benefit from CEA.’ Although poor health may be a
reason for denying elderly patients access to CEA, the NA-
SCET results for 409 elderly patients showed that for all de-
grees of stenosis, medically treated elderly patients had the
highest risk of stroke. Therefore, elderly patients without or-
gan failure or serious cardiac dysfunction are ideal candi-
dates for CEA."”

Several studies have found that being older than 80 years
as a univariate risk factor of death or stroke, but interpret-
ing the findings is limited by a lack of formal multivariable
analyses in most cases. In addition, most of the RCTs exclud-
ed patients aged >80 years—as well as those with major co-
morbidities—due to concerns regarding a higher risk and
limited life expectancy. RCTs comparing CEA and CAS have
found a considerably higher risk of perioperative complica-

tions in patients aged >80 years. Together, these findings
suggest that octogenarians comprise a high-risk group for
whom the benefits of any carotid revascularization (CEA or
CAS) may be greatly diminished compared with their young-
er counterparts.”” However, in the present study there were
no significant differences in comorbidity among the three age
groups, except for those with diabetes. There were fewer di-
abetic patients in the octogenarian group, which may be at-
tributed to diabetic patients dying before the age of 80 years
due to diabetic complications.

While the overall mortality rate was higher among patients
in the 70-79 years and >80 years age groups than in the <70
years age group, there were no differences between the groups
with regard to stroke-related mortality. Therefore, CEA may
be performed in elderly patients with acceptable life expec-
tancy.

We suggest that CEA can be performed safely in elderly
patients previously considered as “high risk” and should re-
main the standard of care. Although the higher overall mor-
tality in high-risk patients may be attributed to their existing
conditions, the stroke-related mortality did not differ between
the two groups.

The findings of this study should be considered in the light
of several limitations, primarily related to its retrospective
design. First, selection bias may have been present in decid-
ing when to operate on the patients. However, the possibility
of selection bias was minimized because all surgeries were
performed by three surgeons and relatively few complica-
tions occurred despite the high yearly volumes, and all of the
patients were assessed preoperatively by a neurologist."* Sec-
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ond, relatively few octogenarians and high-risk patients were
included in this study. More large-scale studies are needed to
further investigate the outcome of CEA in elderly and high-
risk patients. Third, CAS was conducted in 532 patients be-
tween 2001 and 2010 at our institution. It is possible that high-
risk patients underwent CAS whereas low-risk patients
underwent CEA, and that the safety and effectiveness of CEA
may have been overestimated. Fourth, no follow-up duplex
ultrasonography scan was performed in 41 cases. MRA im-
ages were obtained in patients who did not undergo carotid
duplex ultrasonography after discharge. Although there was
no evidence of restenosis on MRA, this is not a precise test
for detecting restenosis, and so the restenosis rate may have
been underestimated.

In conclusion, evaluation of the outcomes of CEA over a
10-year period has yielded acceptable results in terms of
stroke and mortality, with findings that are in agreement
with those of large international trials. Although patients in
the 70-79 years and >80 years age groups had a higher over-
all mortality than those in the <70 years age group, there
were no differences between the groups with regard to stroke-
related mortality. The recent increase in the average life ex-
pectancy and improvements in quality of life are expected to
result in an increased number of elderly patients. Given that
CEA is a safe and effective strategy, it may be performed in
elderly patients with acceptable life expectancy. Future large-
scale studies are needed to further investigate the outcomes
of CEA in elderly and high-risk groups.
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