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Purpose: This study was performed to analyze the association between age and outcomes of carotid endarterectomy (CEA)
by comparing postoperative outcomes between octogenarians and younger patients.

Methods: From November 1994 to December 2022, 1,585 internal carotid arteries of 1,434 patients were enrolled. Patients
were stratified into 2 groups: octogenarians (=80 years old) and non-octogenarians (<80 years old). Primary endpoints
were early (<30 days] outcomes of ipsilateral stroke, any stroke, myocardial infarction, death, and major adverse
cardiovascular events (MACE). We also compared overall any stroke and death between the 2 groups.

Results: One of 132 octogenarians (0.8%) and 17 of 1,453 non-octogenarians (1.1%) experienced ipsilateral stroke within
30 days. Thirty-day MACE occurred in 4 of 132 octogenarians (3%) and 44 of 1,453 non-octogenarians (3%). There were no
significant differences in any early (<30 days) outcomes. Symptomatic status was associated with increased 30-day MACE
(odds ratio [OR], 2.610; 95% confidence interval [CI], 1.450-4.696; P = 0.003) and 30-day any stroke (OR, 3.999; 95% Cl,
1.627-9.828; P = 0.003). Symptomatic status was also associated with overall any stroke (hazard ratio [HR], 2.885; 95% ClI,
1.865-4.463; P < 0.001), but age of =80 years was not associated with 30-day MACE, 30-day any stroke, or overall stroke.
Age of =80 years was only associated with overall survival (HR, 2.644; 95% Cl, 1.967-3.555; P < 0.001).

Conclusion: CEA would be a safe and effective treatment for octogenarians with low 30-day complications and long-term

stroke rates, comparable with that of younger counterparts. Advanced age is not a contraindication for CEA.

[Ann Surg Treat Res 2024;106(5):248-254]
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INTRODUCTION

According to the Global Burden of Diseases, Injury, and Risk
Factor Study, stroke is the second leading cause of death and
the third leading cause of disability worldwide [1]. Extracranial
internal carotid stenosis is a major cause of ischemic stroke,
estimated to cause 8%-15% of cases, and it is characterized by

a high rate of recurrence [2]. Carotid endarterectomy (CEA)
decreases the chance of ischemic stroke in asymptomatic
patients and prevents recurrent stroke in symptomatic patients.
Current stroke prevention guidelines recommend CEA over
maximal medical therapy for asymptomatic low-risk patients
with stenosis of 70%-99% [3]. The guidelines also recommend
CEA over carotid artery stenting (CAS) for symptomatic low-risk
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surgical patients with stenosis of 50%-99% [3].

Elderly patients are characterized by a limited life expectancy
and more frequent medical comorbidities compared to
younger patients; these factors reduce benefits and increase
the operative risk of CEA. In the SAPPHIRE (Stenting and
Angioplasty with Protection in Patients at High Risk for
Endarterectomy) trial, age of =80 years was a high-risk factor
for CEA [4]. Additional studies also reported elderly patients
to have a slightly higher risk of complications than younger
patients [5,6]. However, it is uncertain whether advanced age
itself is a risk factor for CEA, and previous stroke prevention
guidelines do not specify this issue [3,7.8].

The aim of the study is to analyze the association between
age and outcomes of CEA by comparing postoperative outcomes
between octogenarians and younger patients.

METHODS

Ethics statement
This study was approved by the Institutional Review Board

of Samsung Medical Center in Seoul, Korea (No. 2023-12-
130). Given the retrospective nature of the study, the need for
informed consent was waived.

Study cohort

We retrospectively analyzed the vascular surgery registry
from a single tertiary referral center. From November 1994
to December 2022, 1,642 internal carotid arteries underwent
elective CEA. All patients underwent preoperative duplex
ultrasonography or CT angiography, and the degree of stenosis
was calculated according to the North American Symptomatic
Carotid Endarterectomy Trial criteria. In duplex ultrasound, the
degree of stenosis was calculated by measuring the peak systolic
velocity and end-diastolic velocity. We included patients with
symptomatic moderate to high grade (50%-99%) stenosis or
asymptomatic high grade (70%-99%) stenosis as an indication
for CEA. Symptomatic carotid stenosis was defined as an acute
transient ischemic attack or neurologic event lasting for 24
hours or more within 6 months. We excluded those treated
with CEA with coronary artery bypass graft (CABG) or aorta
surgery (n = 55), CEA after stent restenosis (n = 1), and CEA
after iatrogenic internal carotid artery injury (n = 1). Finally, a
total of 1,585 arteries of 1,434 patients were enrolled, of which
132 belonged to octogenarians and 1,453 to non-octogenarians.

Outcomes
To analyze the association between age and outcome, patients

were stratified into octogenarians (=80 years old) and younger
patients (<80 years old). We collected the following baseline
characteristics: age; sex; medical comorbidities including
hypertension, diabetes mellitus, hyperlipidemia, coronary

artery disease, chronic kidney disease, and chronic obstructive
pulmonary disease (COPD); history of neck radiation therapy;
preoperative symptomatic status; and statin medication.
Primary endpoints were early (<30 days) outcomes of
ipsilateral stroke, any stroke, myocardial infarction (MI), death,
and major adverse cardiovascular events (MACE). MACE was
defined as composite outcomes including transient ischemic
attack, any stroke, MI, and death. Secondary endpoints were
overall complications; long-term any stroke and survival. We
also compared overall complications including any stroke and
death between the 2 groups. We defined postoperative stroke
as an acute symptomatic neurologic defect lasting for 24 hours
or more with consistent cerebral ischemia with evidence on a
radiologic image. We defined postoperative MI as symptoms
consistent with ischemia with an increased cardiac enzyme or
ST abnormality on an electrocardiogram. Additional surgical
complications were compared between octogenarians and non-
octogenarians: cerebral hyperperfusion syndrome, cranial nerve
palsy (transient or permanent), and postoperative bleeding,

Statistical analysis
IBM SPSS Statistics ver. 27.0 (IBM Corp.) was used and we

considered P < 0.05 as significant. In univariable analysis, the
chi-square and Fisher exact tests were used for comparison of
categorical variables. The statistically significant variables in
univariable analysis and clinically significant variables were
used in logistic regression analysis and the Cox proportional
hazards model. Survival analysis for freedom from stroke rates
and overall survival was conducted by a Kaplan-Meier survival
analysis, and the differences were analyzed by a log-rank test.

RESULTS

Table 1 shows the demographics and comorbidities of the
110 octogenarians (7.7%) and 1,324 non-octogenarians (92.3%).
Octogenarians were more likely to have COPD (18.2% vs. 11.3%,
P = 0.033), statin medication (95.5% vs. 89.9%, P =0.033), and
to be symptomatic (57.3% vs. 31.2%, P < 0.001) and were less
likely to have percutaneous coronary intervention (PCI) or
CABG (26.4% vs. 38.2%, P = 0.014) and smoking history (273%
vs. 49.4%, P < 0.001) compared with non-octogenarians. Table
2 shows preoperative anatomical features and intraoperative
procedures. There were no significant differences in the
proportion of severe stenosis (=70%), contralateral carotid
occlusion, level of upper border, and surgical technique. Table
3 shows the follow-up durations and early complications of
the 2 groups. The median follow-up duration was shorter
in octogenarians than in non-octogenarians (31 months
linterquartile range (IQR), 11-58 months] vs. 56 months [IOR,
22-107 months]). One of 132 octogenarians (0.8%) and 17 of 1453
non-octogenarians (1.1%) suffered from ipsilateral stroke within
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Table 1. Demographics and comorbidities of octogenarians and non-octogenarians who underwent carotid endarterectomy

between 1994 to 2022

Characteristic Total Octogenarian group” Non-octogenarian group” P-value
No. of patients 1,434 110 1,324 NA
Age (yr) 69 (64-74) 81.8 (80-83) 67.6 (63-73) NA
Female sex 201 (14.0) 11 (10.0) 290 (21.9) 0.186
Comorbidities
Hypertension 1,116 (77.8) 90 (81.8) 1,026 (77.5) 0.177
Diabetes mellitus 593 (41.4) 43 (39.1) 550 (41.3) 0.612
Smoking history 684 (47.7) 30 (27.3) 654 (49.4) <0.001*
Hyperlipidemia 1,081 (75.4) 78 (70.9) 1,003 (75.8) 0.257
PCl or CABG 535 (37.3) 29 (26.4) 506 (38.2) 0.014*
CKD? 8(2.6) 1(0.9) 8(2.9) 0.237
On hemodialysis 2(0.8) 1(0.9) 1(0.8) >0.999
COPD 170 (11.9) 20(18.2) 150 (11.3) 0.033*
History of neck radiation therapy 1(0.8) 1(0.9) 0 (0.8) 0.859
Statin medication 1 295 (90.3) 105 (95.5) 1 190 (89.9) 0.033*
Symptomatic status 476 (33.2) 63 (57.3) 413 (31.2) <0.001*

Values are presented as number only, median (interquartile range), or number (%).
NA, not applicable; PCI, percutaneous coronary intervention; CABG, coronary artery bypass graft surgery; CKD, chronic kidney

disease; COPD, chronic obstructive pulmonary disease.
>80 years old, "<80 years old. “Creatinine >2 mg/dL.
*P < 0.05, statistically significant.

Table 2. Anatomical features and surgical technique of octogenarians and non-octogenarians who underwent carotid

endarterectomy
. Total Octogenarian group” Non-octogenarian group”
Wbl (n=1,434) g(n = 1105); b (ng: 1,324)g b Frvellue
Anatomical features
Severe stenosis (>70%) 1,231 (85.8) 100 (90.9) 1,131 (85.4) 0.113
Contralateral carotid occlusion 88 (6.1) 32.7) 85 (6.4) 0.121
Level of upper border 0.923
Above C2 body 168 (11.7) 12 (10.9) 156 (11.7)
Below C2-3 border 1,175 (81.9) 93 (84.5) 1,082 (81.7)
Surgical technique 0.170
Patch angioplasty 811 (56.6) 66 (60.0) 745 (56.3)
Primary closure 614 (42.8) 42 (38.2) 572 (43.2)
Eversion 9 (0.6) 2 (1.8) 7 (0.5)

Values are presented as number (%).
>80 years old, "<80 years old.

30 days. MACE occurred in 4 octogenarians (3.0%) and 44 non-
octogenarians (3.0%). There were no significant differences
in any other early (<30 days) complications. Table 4 shows
factors associated with 30-day MACE and any stroke in the 2
groups. Symptomatic status was associated with increased 30-
day MACE (odds ratio [OR], 2.610; 95% confidence interval [CI],
1.450-4.696; P = 0.003) and 30-day any stroke (OR, 3.999; 95%
CI, 1.627-9.828; P = 0.003). Table 5 shows factors associated
with overall any stroke and death. Symptomatic status was also
associated with overall any stroke (hazard ratio [HR], 2.885;
05% C1, 1.865-4.463; P < 0.001), but age of =80 years was not

associated with 30-day MACE, 30-day any stroke, and overall
stroke. Age of =80 years was only associated with overall
survival (HR, 2.644; 95% CI, 1967-3.555; P < 0.001).

In the Kaplan-Meier survival curve and log-rank tests of Figs.
1 and 2, there was no significant difference in freedom from
stroke rates between the 2 groups, but overall survival was
much shorter in octogenarians than in younger patients.

DISCUSSION

Although advanced age is associated with higher frailty
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Table 3. Univariable analysis of early (<30 days) and late outcomes of octogenarians and non-octogenarians who underwent
carotid endarterectomy

. Total Octogenarian group® Non-octogenarians group”
VElTElelD (n=1,585) ey S o453y D Pvalue

Follow-up duration (mo) 53 (20-103) 31 (11-58) 56 (22-107) <0.001*
Early complication (<30 days)

TIA 16 (1.0) 2 (1.5) 14 (1.0) 0.634

Ipsilateral stroke 17 (1.1) 1(0.8) 17 (1.1) 0.714

Any stroke 21 (1.3) 1(0.8) 20 (1.4) >0.999

MI 11(0.7) 1(0.8) 10 (0.7) >0.999

Death 0 (0) 0 (0) 0(0) NA

MACE 48 (3.0) 4(3.0) 44 (3.0) >0.999

Hyperperfusion syndrome 26 (1.6) 0 (0) 26 (1.8) 0.161

Bleeding required reoperation 16 (1.0) 3(2.5) 13 (1.0) 0.133

Cranial nerve injury 53 (3.3) 4 (3.0) 49 (3.4) >0.999

Values are presented as median (interquartile range), mean =+ standard deviation, or number (%).

TIA, transient ischemic attack, MI, myocardial infarction; NA, not applicable; MACE, major adverse cardiovascular events.
>80 years old, "<80 years old.

*P < 0.05, statistically significant.

Table 4. Factors associated with the occurrence of MACEs and any stroke within 30-days after carotid endarterectomy

30-Day MACEs 30-Day any stroke
Factor
aOR (95% Cl) Adjusted P-value aOR (95% ClI) Adjusted P-value
Age, 280 yr 0.889 (0.305-2.591) 0.830 0.440 (0.056-3.426) 0.433
Smoking history 0.891 (0.487-1.631) 0.708 0.729 (0.294-1.813) 0.497
PCl or CABG 1.319 (0.727-2.393) 0.362 1.546 (0.637-3.757) 0.336
Symptomatic status 2.610 (1.450-4.696) 0.003* 3.999 (1.627-9.828) 0.003*
Female sex 0.579 (0.199-1.683) 0.315 0.589 (0.130-2.667) 0.492
Contralateral ICA occlusion 2.155 (0.811-5.725) 0.124 2.005 (0.441-9.112) 0.368
COPD 1.260 (0.549-2.891) 0.586 0.798 (0.182-3.508) 0.766
Statin medication 0.575 (0.249-1.326) 0.194 0.651 (0.186-2.284) 0.502

MACE, major adverse cardiovascular events; aOR, adjusted odds ratio; Cl, confidence interval; PCl, percutaneous coronary
intervention; CABG, coronary artery bypass graft surgery; ICA, internal carotid artery; COPD, chronic obstructive pulmonary disease.
*P < 0.05, statistically significant.

Table 5. Factors associated with the occurrence of overall any stroke and death after carotid endarterectomy

Any stroke Death
Factor
aOR (95%Cl) Adjusted P-value aOR (95%Cl) Adjusted P-value
Age, 280 yr 0.817 (0.323-2.065) 0.669 2.644 (1.967-3.555) <0.001*
Smoking history 0.935 (0.587-1.490) 0.777 1.066 (0.884-1.286) 0.502
PCl or CABG 0.891 (0.560-1.417) 0.626 1.171 (0.987-1.390) 0.070
Symptomatic status 2.885 (1.865-4.463) <0.001* 1.128 (0.945-1.348) 0.183
Female sex 1.001 (0.523-1.915) 0.999 0.895 (0.671-1.194) 0.450
Contralateral ICA occlusion 1.332 (0.530-3.351) 0.542 1.187 (0.848-1.661) 0.317
COPD 0.609 (0.245-1.515) 0.286 1.255(0.939-1.677) 0.124
Statin medication 0.745 (0.408-1.358) 0.336 0.948 (0.752-1.194) 0.649

MACE, major adverse cardiovascular events; aOR, adjusted odds ratio; Cl, confidence interval; PCl, percutaneous coronary
intervention; CABG, coronary artery bypass graft surgery; ICA, internal carotid artery; COPD, chronic obstructive pulmonary disease.
*P < 0.05, statistically significant.
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Fig. 1. The Kaplan-Meier survival curve of the freedom from
stroke rates in octogenarians and non-octogenarians who
underwent carotid endarterectomy.

and operative risk, it is uncertain whether advanced age itself
is a high-risk factor for CEA [5,69]. Only a few studies have
analyzed the associations between age and outcomes of CEA
in Asian populations. Jeong et al. [10] reported no significant
difference in the risks of perioperative MACE and the 4-year
overall incidence of cardiovascular events between younger and
elderly patients in Korea. However, the age threshold was 60
years, which was not old enough to represent elderly patients.
In our study, age of =80 years was not associated with
increased postoperative risk of stroke. And symptomatic
status, a well-known risk factor for postoperative risk of stroke,
showed a similar trend, but contralateral carotid stenosis did
not [11,12]. In the demographic analysis, octogenarians were
more likely to be symptomatic and less likely to have PCI or
CABG compared with younger patients. This is contrary to
the common belief that elderly patients have more underlying
medical comorbidities than younger patients. There may have
been a bias due to our choice of best medical treatment (BMT)
or CAS rather than CEA for asymptomatic octogenarians
with severe cardiovascular comorbidities and other high
operative risk factors, which may have increased the calculated
proportion of symptomatic patients in octogenarians. It is also
possible that asymptomatic octogenarians who are treated with
BMT later undergo CEA due to the development of symptorms.
In asymptomatic carotid artery stenosis, the guideline
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0.8 1
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>
»
©
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>
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P < 0.001
T T T T T T 1
0 10 20 30 40 50 60
Time (mo)
12mo 24 mo 36mo 48mo 60 mo
Age No. at risk 1,231 1,076 940 817 692
<80 yr Survival (%) 97.8 95.7 92.1 88.0 82.3
Standard error (%) 0.4 0.6 0.8 1.0 1.2
No. at risk 98 77 59 46 32
80 yr Survival (%) 96.4 90.0 79.7 72.8 60.4
Standard error (%) 1.8 3.0 4.3 5.1 5.9

Fig. 2. The Kaplan-Meier survival curve of the overall survival
in octogenarians and non-octogenarians who underwent
carotid endarterectomy.

recommends a < 3% perioperative risk of stroke and death
to achieve benefit for the patients [3]. In our study including
both symptomatic and asymptomatic patients, the 30-day
any stroke rate was low at 0.8% in octogenarians and 1.4% in
non-octogenarians, and there was no 30-day mortality. CEA
is a comparable procedure for octogenarians with acceptable
operative risk, and old age is not a contraindication for CEA.
Over the past few decades, the role of BMT has been expanding
with the development of antiplatelet, antihypertensive, and
cholesterol-lowering drugs. Reiff et al. [13] reported that CEA
plus BMT was not superior to BMT alone regarding the risk of
any stroke, death within 30 days, or ipsilateral stroke during
a 5-year observation period. For octogenarians with severe
comorbidities, BMT can be an effective treatment option.

In symptomatic carotid stenosis, CAS, a minimally invasive
technique, is usually preferred for patients with severe
medical comorbidities or other risk factors for CEA, such as
prior neck irradiation, post-endarterectomy restenosis, or
surgically inaccessible severe lesion [14-16]. However, elderly
patients might be unsuitable for CAS because greater systemic
atherosclerosis could exist along the catheter route of CAS
due to aging [17]. In the 2021 American Heart Association/
American Stroke Association guidelines, the recommendation
was updated to consider CEA rather than CAS in symptomatic
patients older than 70 years [18]. CEA should be more frequently



Joon-Kee Park, et al: Outcomes of CEA in octogenarians

recommended for octogenarians due to its acceptable operative
risk. For elderly patients with severe comorbidities, alternative
treatments like transcarotid artery revascularization are needed
for better outcomes [19].

Seo et al. [20] reported an analysis of the Korean nationwide
database of the Health Insurance Review and Assessment
Service from 2007 to 2016, with 3,892 (24.2%) and 12,173
patients (75.8%) with CEA and CAS, respectively. In the United
States Medicare beneficiaries, 937,111 (80%) patients underwent
CEA and 231,077 (20%) underwent CAS from 1999 to 2014 [21].
Although CEA is recommended as a firstline treatment option
for carotid stenosis, CAS has been preferred in Korea and is
performed 3 times more frequently than CEA. Considering
the situation in Korea, which is becoming a severely aged
population, CEA could be a treatment option for elderly patients
with acceptable operative risk.

The present study had several limitations. First, it was
a retrospective study performed in a single center and the
total number of the octogenarians was small compared with
the younger patients. This imbalance in the number of each
group may have caused bias. Second, elderly patients with
severe comorbidities often undergo BMT instead of CEA in our
hospital, and they were excluded from the analysis. Further
research is needed to prove the secondary prevention effect
of stroke in elderly patients by comparing surgery and non-
surgery groups. Third, the assessment for operative risk was
unclear and the choice of treatment option was based on the
subjective surgeon decision. Despite these limitations, the
operative outcomes of CEA performed by skilled surgeons in
octogenarians were comparable with those of younger patients.

Our study suggests that CEA may be a good treatment option
for patients with acceptable operative risk regardless of age.

In conclusion, CEA would be a safe and effective treatment
for octogenarians with low 30-day complications and long-term
stroke rates, comparable with that of younger counterparts.
Advanced age is not a contraindication for CEA.
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