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Carotid Artery Disease

The Influence of the Metabolic Syndrome
on the Short- and Long-Term Outcome
After Carotid Endarterectomy

Linda Visser, MD1, Bas M. Wallis de Vries, MD1, Douwe J. Mulder, MD, PhD2,
Maarten Uyttenboogaart, MD, PhD3, Sterre van der Veen, MS1,
Clark J. Zeebregts, MD, PhD1, and Robert A. Pol, MD, PhD1

Abstract
The metabolic syndrome (MetS) is a cluster of risk factors for cardiovascular disease. The aim of this study is to determine the
influence of MetS on short- and long-term outcome and survival after carotid endarterectomy (CEA). Between January 2005 and
December 2014, data from all patients undergoing CEA were prospectively recorded. The metabolic syndrome was defined based
on the presence of �3 of the following criteria: hypertension, high serum triglycerides, low levels of high-density lipoprotein
cholesterol, high fasting serum glucose, and obesity. Primary end points were the occurrence of transient ischemic attack (TIA)/
cerebrovascular accident (CVA), myocardial infarction, and mortality. A total of 564 interventions (in 525 patients) were per-
formed, of which 244 (43.3%) were in patients who met the diagnosis of MetS. There were no differences in short- and long-term
complications and overall survival between patients with and without MetS. Patients with diabetes mellitus (DM) had significantly
more ipsilateral TIA/CVA after 30 days (P ¼ .001). The presence of MetS has no negative effect on the outcome after CEA.
However, patients with DM have a significantly higher risk of ipsilateral TIA/CVA.
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Introduction

The metabolic syndrome (MetS) is characterized by a cluster

of cardiovascular (CV) risk factors including hypertension,

obesity, high fasting serum blood glucose, high triglycerides

and low levels of high-density lipoprotein cholesterol

(HDL-C). Over the past years, the incidence of MetS has

increased in the Western world.1 It is estimated that currently

30% to 35% of the overall population have MetS and this

number will increase in the forthcoming years.2 Patients with

MetS have a 2-fold risk of developing CV disease (CVD) and

a 1.5-fold increased risk of all-cause mortality compared with

patients without MetS.3

The main cause of a CV event is atherosclerosis, which is

usually asymptomatic for several years. Nevertheless,

thickening of the intima–media wall and plaque formation

may occur early in life.4 Various studies have shown a

positive association between MetS and the development of

atherosclerosis, resulting in an increased incidence and

more rapid progression of carotid atherosclerosis in patients

with MetS.5-7

Carotid endarterectomy (CEA) is the preferred treatment for

ischemic stroke in selected patients with symptomatic or severe

asymptomatic carotid disease. In 2011, a Cochrane analysis

showed an absolute risk reduction in ipsilateral ischemic stroke

of 16% in patients with a 70% to 99% symptomatic stenosis

who underwent CEA compared with best medical treatment

alone.8 Although the technical and clinical success rates are

high after CEA, postprocedural disabling stroke and myocar-

dial infarction (MI) do occur and remain a major limitation.

Several risk factors for an impaired outcome after CEA have

been described, but only two studies investigated the role of

MetS and report conflicting results regarding survival and

major adverse events (MAEs).9,10 The aim of this study was

to determine the influence of MetS on short- (30-day) and long-

term outcome after CEA.
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Methods

Design of the Study

Between January 2005 and December 2014, all the performed

carotid artery revascularizations were prospectively recorded

in a registry (N ¼ 611). For this study the required data were

selected, supplemented where necessary, and analyzed. Inclu-

sion criteria were symptomatic patients with a carotid stenosis

of >50% and asymptomatic patients with a >70% stenosis.

Preoperatively, a multidisciplinary risk assessment was con-

ducted based on several criteria, including cardiopulmonary

disease, previous surgery or radiation therapy, location of the

carotid bifurcation, and preexistent laryngeal nerve paralysis.

The CEA was the treatment of choice and was performed in

92.3% of the cases. When the risk for open surgery was too

high, carotid artery stenting (CAS) was considered; this was

performed in 47 cases. Since this procedure comes with its

own risks and complications and the patient population is

different from patients who underwent CEA, these patients

were not included in this analysis. According to national

guidelines for carotid stenosis, we attempted to treat patients

within 2 weeks from their index event. Primary end points

were postoperative mortality, a transient ischemic attack

(TIA)/cerebrovascular accident (CVA) and myocardial

infarction (MI) as well as a composite end point of TIA/CVA

and death <30 days and TIA/CVA/MI after >30-day follow-

up. Secondary outcome variables were any surgical compli-

cation and hospital length of stay.

Follow-up data were complemented by reviewing the com-

puterized hospital registry and charts and by contacting the

patients’ general practitioner or referring hospital. For this

study, the medical ethical committee granted dispensation for

the Dutch law regarding patient-based medical research (Wet

medisch-wetenschappelijk onderzoek met mensen) obliga-

tion. Patient data were processed and electronically stored

according to the declaration of Helsinki—ethical principles

for medical research involving human participants.

Procedure

Both the technique and considerations for CEA have been pub-

lished.11 Briefly, patients were prescribed 100 mg/d aspirin or

75 mg/d clopidogrel preoperatively (except for patients who

were already on vitamin K antagonists) and 40 mg/d simvas-

tatin. All procedures were performed under general anesthesia

and patients received 5000 IU of heparin intravenously before

clamping the carotid artery. Intraoperative neurological moni-

toring was carried out by a neurophysiology technician using

electroencephalography (EEG) and transcranial Doppler

(TCD) monitoring. When significant changes in EEG and/or

TCD occurred, intraoperative shunting was performed (Bard,

Javid; Carotid Shunt, Tempe, Arizona). Closure of the arter-

iotomy was preferably done with an autologous vein. In the

absence of a suitable vein, a synthetic patch (Vascutek Terumo,

Thin Wall Carotid Patch; Inchinnan, Scotland, United King-

dom) was used. Postoperatively patients were admitted to the

intensive care unit or the postanesthesia care unit for at least 24

hours. Postoperatively dipyridamole/acetylsalicylic acid 200/

25 mg or clopidogrel 75 mg/d or vitamin K antagonists were

continued for life.

Metabolic Syndrome Definition

Metabolic syndrome was defined based on the presence of �3

of the following criteria: hypertension (blood pressure >140/

>90 mm Hg or use of antihypertensive medication), serum

triglycerides >150 mg/dL, HDL-C <40 mg/dL in men and

<50 mg/dL in women, body mass index (BMI) >30, and fasting

serum blood glucose >110 mg/dL or use of antidiabetic med-

ication.9,10,12 In order to compare our outcomes with previous

studies on MetS and CEA outcome, we chose to use the same

cutoff scores and tools, which included using the BMI, as

opposed to waist circumference.

Clinical Data Selection

Preoperative collected data included age, sex, degree of carotid

stenosis, smoking habits, laboratory tests (level of hemoglobin

[mmol/L] and creatinine [mmol/L]), and cardiac and pulmonary

disease (Society of Vascular Surgery Classification).13 Patients

were considered symptomatic if they had amaurosis fugax, a

TIA, or a (minor) ipsilateral CVA, 3 months before surgery.

Coronary artery disease was defined as a history of angina

pectoris, MI of prior coronary artery revascularization (coron-

ary artery bypass grafting or percutaneous coronary artery

intervention). Cerebrovascular disease included a history of

TIA/CVA or CEA/CAS. Impaired renal function was defined

as a preoperative serum creatinine >100 mmol/L. Intraoperative

data included the use of a shunt, arteriotomy closure technique,

and clamping time.

Comorbidity was determined by the Charlson comorbidity

index (CCI), a weighted score which predicts the 1-year mor-

tality of a patient based on the coexisting medical conditions

and age.14

Outcome

The short-term adverse events (<30 days after surgery)

included the following complications: neurological complica-

tions (TIA/CVA), cranial nerve damage, cardiac complications

(MI, angina pectoris, arrhythmia, congestive heart failure),

bleeding (with or without reintervention), delirium and general

surgical complications (ie, wound or urinary tract infections).

Long-term adverse events (>30 days after surgery) were

defined as any neurological complications (TIA/CVA), MI,

or death.

Statistical Analysis

Categorical variables were presented as numbers and percen-

tages. Differences were tested with the Pearson w2 or Kruskal-

Wallis tests (>2 variables). Continuous variables were

presented as mean + standard deviation (SD) for normally

distributed variables and as median + interquartile range
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(IQR) for skewed variables. Differences were tested with the

Student 2-tailed t test (normally distributed data) or the Mann-

Whitney U test (skewed data). A multivariable logistic regres-

sion analysis was performed on all the baseline factors with a

P < .2. Complication- and intervention-free survival rates were

calculated using Kaplan-Meier analysis. Differences in sur-

vival and outcome were determined by log-rank testing.

Two-tailed P values were used and significance was set at

P < .05. All statistical analyses were carried out with the

Statistical Package for the Social Sciences (SPSS 20.0; SPSS,

Chicago, Illinois).

Results

Study Cohort

A total of 564 CEAs were performed in 525 patients. Thirty-

nine patients (39/525 ¼ 7.4%) required a CEA of the contral-

ateral carotid artery during follow-up. There was an unequal

distribution in sex, with 411 procedures performed in men

(411/564; 72.9%) and 153 in women (153/564 ¼ 27.1%). The

mean age was 68.6 + 9.1 years. Baseline characteristics are

summarized in Table 1.

Among the 564 CEAs, 244 (43.3%) were performed in

patients who were classified as having MetS. Hypertension was

the most prevalent of the 5 MetS criteria, with an overall inci-

dence of 87.6% for the total cohort (MetS: 236/244¼ 96.7% vs

no MetS: 258/320 ¼ 80.6%; Table 2).

The CCI differed significantly between patients with and

without MetS (P ¼ .002). Twenty-one percent of procedures

were performed in patients who had a previous TIA/CVA (120/

564; MetS: 55/244 ¼ 22.5% vs no MetS: 65/320 ¼ 20.3) and

25% in patients who had a history of coronary artery disease

(143/564; MetS 71/244 ¼ 29.1 vs no MetS 72/320 ¼ 22.5%).

There was no significant differences between the 2 groups

(P ¼ .52 and P ¼ .07, respectively). Patients with MetS more

often had impaired renal function (MetS 68/244¼ 27.9% vs no

MetS 65/320 ¼ 20.3%; P ¼ .04). The majority of interventions

were performed because of a symptomatic stenosis, of which

16.1% had�1 episodes of amaurosis fugax, 32.6% had a hemi-

spherical TIA, and 34.4% had a minor ischemic CVA. There

were no significant differences in symptoms and degree of

ipsilateral or contralateral stenosis between patients with and

without MetS. For arteriotomy closure, an autologous vein was

used in 68.2%, a synthetic patch was used in 30.7%, and 1.1%
were closed primarily. A shunt was required in 10.7% of the

interventions, with no significant difference between patients

with and without MetS (P ¼ .977; Table 3).

Thirty-Day Outcome

The median hospital length of stay was 2 days (IQR: 2-3). There

were no significant differences between the groups in short-term

outcome (Table 4). Twenty-four patients (MetS 13/244 ¼ 5.3%
vs no MetS 11/320 ¼ 3.4%; P ¼ .27) had an early adverse

neurological event after surgery, with 10 patients (10/564 ¼
1.8%) developing a TIA and 13 patients (13/564¼ 2.3%) devel-

oping an ipsilateral minor CVA. Of the aforementioned events,

3 patients died after a CVA, all in MetS group (P ¼ .08). In

1 patient, the CVA was caused by carotid thrombosis for

which emergency redo CEA was performed. One patient had

a TIA on the contralateral side. Three patients had an MI in the

first 30 days after surgery (MetS 1/244 ¼ 0.4% vs no MetS

2/320 ¼ 0.6%; P ¼ 1.0). The 30-day all-cause mortality rate

was 1.2% (7/564; P ¼ .47), with 1 death intraoperatively. The

combined CVA and death rate was 5.0% (MetS 14/244¼ 5.7%
vs no Met S 14/320 ¼ 4.4%; P ¼ .46). In addition, multivari-

able analysis on all the distinct components of MetS showed

that only high serum glucose/use of antidiabetic medication

was a risk factor for short-term complications (Table 5).

Table 1. Baseline Demographics and Comorbidities.

Parameter
MetS, n ¼ 244

(43.3%)
No MetS,

n ¼ 320 (56.7%) P

Gender (male), n (%) 180 (73.8) 231 (72.2) .68
Age, years 68.1 + 8.6 69.1 + 9.5 .21
Comorbidity (CCI) 4.7 + 1.7 4.2 + 1.5 .002
History of CVD 55 (22.5) 65 (20.3) .52
History of CAD, n (%) 71 (29.1) 72 (22.5) .07
Atrial fibrillation, n (%) 23 (9.4) 24 (7.5) .41
COPD, n (%) 23 (9.4) 36 (11.3) .48
Impaired renal function, n (%) 68 (27.9) 65 (20.3) .04
Smoking, n (%) 98 (40.2) 151 (47.2) .12
Use of antiplatelet, n (%) 242 (99.2) 314 (98.1) .48
Use of statins, n (%) 217 (88.9) 268 (83.8) .08
Preoperative Hb (mmol/L)a 8.8 + 0.9 8.7 + 0.9 .69

Abbreviations: CAD, coronary artery disease; CCI, Charlson comorbidity
index; COPD, chronic obstructive pulmonary disease; CVD, cerebrovascular
disease; Hb, hemoglobin; MetS, metabolic syndrome; SD, standard deviation.
aHb (mmol/L � 0.6206 ¼ g/dL).

Table 2. Components of MetS.

Parameter
MetS, n ¼ 244

(43.3%)
No MetS,

n ¼ 320 (56.7%) P

Hypertension (n, %) 236 (236/244; 96.7) 258 (258/320; 80.6) <.001
Glucose (mmol/L)

Median + IQRa 6.1 (5.4-7.1) 5.4 (5.1-5.8) <.001
Glucose >6.2/on

medication
(n, %)

145 (145/242; 59.9) 52 (52/319; 16.3) <.001

Triglyceride (mmol/L)
Median + IQR 2.2 (1.7-2.9) 1.3 (1.0-1.6) <.001
Triglycerides

>1.7 (n, %)
182 (182/243; 74.9) 64 (64/319; 20.1) <.001

HDL-Cb (mmol/L)
Median + IQR 1.0 (0.9-1.2) 1.3 (1.1-1.6) <.001
HDL-C <1.0/

<1.3 (n, %)
160 (160/242; 66.1) 47 (47/318; 14.8) <.001

BMIc (kg/m2)
Median + IQR 29 (26-31) 25 (23-28) <.001
BMI �30 (n, %) 121 (121/244; 49.6) 24 (24/318; 7.5) <.001

Abbreviations: BMI, body mass index; HDL-C, high-density lipoprotein
cholesterol; IQR, interquartile range; MetS, metabolic syndrome.
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With regard to the secondary outcome, there were no

statistical differences between the groups. Fifty patients

(50/564 ¼ 8.9%) had a postoperative nerve injury, which

proved irreversible in 6 patients (6/564 ¼ 1.0%). Postoperative

hemorrhage was observed after 36 interventions (36/564¼ 6.4%)

for which a reintervention was necessary in 16 cases

(16/564 ¼ 2.8%; Table 4).

Late Outcome (>30 days)

The mean follow-up was 46.8 months (range: 0-121). Ipsilat-

eral TIA/CVA occurred in 16 patients (16/564 ¼ 2.8%), with

no significant differences between MetS and no MetS group

(2.9% and 2.8%, respectively; P ¼ .97). One patient died from

a CVA. In 5 cases (5/564 ¼ 0.9%), an additional CAS proce-

dure was performed during follow-up because of a TIA (n¼ 1)

or an asymptomatic restenosis (n ¼ 4; Table 6).

In 10 cases (10/564 ¼ 1.8%), patients had a contralateral

TIA/CVA after their initial treatment, with no significant dif-

ference between the groups (MetS 2/244¼ 0.8% vs no MetS 8/

320 ¼ 2.5%; P ¼ .20). Thirty-nine patients underwent contral-

ateral CEA during follow-up (MetS 14/244¼ 5.7% vs no MetS

25/320 ¼ 7.8%; P ¼ .34). In 21 cases, CEA was followed by

MI during follow-up (MetS 12/244 ¼ 4.9% vs no MetS

9/320 ¼ 2.8%; P ¼ .19). The 2- and 5-year freedom from

TIA/CVA/MI were comparable between groups, respectively,

91.9% and 85.3% in MetS group and 91.1% and 85.0% in the

no MetS group (Figure 1). After multivariable analysis, no

other covariates could be identified that had an influence on

the effect of MetS on CEA outcome. Moreover, statin use was

the only factor that significantly reduced the risk of major

adverse events (Table 7). In addition, multivariable analysis

revealed no single parameter of MetS as a risk factor for

adverse long-term outcome (Table 8).

Diabetes Mellitus

One hundred fourteen patients (114/564¼ 20.2%) were treated

for DM either by oral medication or with insulin. Of this group,

Table 3. Carotid Lesions and Symptomatology Between Patients
With and Without MetS.

Parameter
MetS, n ¼ 244

(43.3%)
No MetS,

n ¼ 320 (56.7%) P

Index symptoms
Asymptomatic 47 (19.3) 48 (15.0) .18
Amaurosis fugax 40 (16.4) 51 (15.9) .88
TIA 73 (29.9) 111 (34.7) .23
CVA 84 (34.4) 110 (34.4) .99

Degree of stenosis
0%-50% 0 1 (0.3) 1.00
50%-70% 26 (10.7) 41 (12.8) .43
70%-99% 218 (89.3) 278 (86.9) .37

Contralateral stenosis
None 162 (66.4) 231 (72.2) .14
50%-70% 32 (13.1) 35 (10.9) .43
70%-99% 25 (10.2) 30 (9.4) .73
100% 25 (10.2) 24 (7.5) .25

Closure technique
Primary 5/243 (2.1) 1 (0.3) .90
Autologous vein 149/243 (61.3) 235 (73.4) .002
Synthetic patch 89/243 (36.6) 84 (26.3) .008
Shunting 26/243 (11.1) 34 (10.6) .98

Abbreviations: CVA, cerebrovascular accident; MetS, metabolic syndrome;
TIA, transient ischemic attack.

Table 4. Comparison of 30-Day Outcome After CEA Between
Patients With and Without MetS.

Parameter
MetS, n ¼ 244

(43.3%)
No MetS,

n ¼ 320 (56.7%) P

TIA/CVA 13 (5.3) 11 (3.4) 0.27
MI 1 (0.4) 2 (0.6) 1.00
Nerve injury 18 (7.4) 32 (10) 0.28
Rebleeding 17 (7.0) 19 (5 .9) 0.62
Delirium 4 (1.6) 3 (0.9) 0.47
Wound infection 1 (0.4) 2 (0.6) 1.00
Overall death 4 (1.6) 3 (0.9) 0.47
Composite end point of TIA/

CVA and death
14 (5.7) 14 (4.4) 0.46

Hospital length of stay
(days), median (IQR)

2 (2-3) 2 (2-3) 0.57

Abbreviations: CEA, carotid endarterectomy; CVA, cerebrovascular accident;
IQR, interquartile range; MetS, metabolic syndrome; MI, myocardial infarction;
TIA, transient ischemic attack.

Table 5. Multiple Logistic Regression Analysis of the Risk of
Short-Term TIA/CVA/Death on the Individual Components of MetS.

Parameter Odds Ratio Confidence Interval P

MetS—hypertension 2.04 0.47-8.89 .34
MetS—DM 2.41 1.10-5.25 .03
MetS—triglycerides 1.14 0.51-2.57 .75
MetS—HDL-C 1.04 0.46-2.36 .93
MetS—BMI 0.37 0.12-1.11 .08

Abbreviations: BMI, body mass index; CVA, cerebrovascular accident; DM,
diabetes mellitus (MetS—DM, composed of patients with either a fasting serum
blood glucose >110 mg/dL or use of antidiabetic medication); HDL-C,
high-density lipoprotein cholesterol; MetS, metabolic syndrome; TIA, transient
ischemic attack.

Table 6. Comparison of Long-Term Outcome (>30 Days) After CEA
Between Patients With and Without MetS.

Parameter
MetS, n ¼ 244

(43.3%)
No MetS,

n ¼ 320 (56.7%) P

Ipsilateral TIA/CVA 7 (2.9) 9 (2.8) .97
Contralateral TIA/CVA 2 (0.8) 8 (2.5) .20
MI 12 (4.9) 9 (2.8) .19
Composite end point of

TIA/CVA/MI
21 (8.6) 26 (8.1) .83

Death 35 (14.3) 45 (14.1) .92

Abbreviations: CEA, carotid endarterectomy; CVA ¼ cerebrovascular
accident; IQR, interquartile range; MetS, metabolic syndrome; MI, myocardial
infarction; TIA, transient ischemic attack.
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88 (77%) patients also met the criteria for MetS. Only 26

patients (26/114¼ 23%) had DM without MetS. Patients with

DM had significantly more ipsilateral CV events within 30

days after surgery (P ¼ .001). There were no differences in

other short- and long-term complications or mortality between

patients with and without DM (Tables 9 and 10).

Mortality

Eighty-seven patients (MetS 39/244 ¼ 16.0% vs no MetS 48/

320 ¼ 15%; P ¼ .75) died during follow-up, including 7 early

deaths, after a median of 33.4 months (IQR: 21.6-70.5 months).

The 2- and 5-year actuarial survival rates were 94.7% and

85.0% in MetS group and 95.3% and 81.6% in the no MetS

group (P ¼ .86; Figure 2). Four patients (0.7%) died from a

neurological cause, 3 in MetS group (1.2%; P ¼ .32) and 1 in

the no MetS group (0.3%; Table 11).

Discussion

This study shows that patients with carotid stenosis can safely

be treated by CEA, with a low incidence of early and late

ipsilateral or contralateral neurological events and MI. The

presence of MetS at baseline has no significant effect on both

short- and long-term outcomes after CEA. However, patients

with DM have a higher risk for MAEs, in particular ipsilateral

cerebrovascular events. Previous studies reported similar find-

ings, with DM being an independent predictor of restenosis and

occlusion after both CEA and CAS.15 In addition, insulin resis-

tance and insulin growth factor 1 also proved positively related

to common carotid intima–media thickness.16

The metabolic syndrome is being increasingly recognized as

an important risk factor for CVD. To date, only 2 other studies

have evaluated the effect of MetS on outcome after CEA.9,10

Although both studies show conflicting results, they conclude

that MetS should be considered as a risk factor for MAE or

Figure 1. Freedom from MAE (ipsilateral or contralateral TIA/CVA and MI): comparison of patients without MetS and with MetS (according to
the Kaplan-Meier method). There is no significant difference between the groups (log rank P ¼ .78). CVA indicates cerebrovascular accident;
MAE, major adverse event; MetS, metabolic syndrome; MI, myocardial infarction; TIA, transient ischemic attack.
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restenosis.9,10 Our study is the second largest cohort on MetS

and CEA outcome, and we have not been able to confirm the

foregoing assertion. Statin use was the only factor that signif-

icantly reduced the risk of MAEs. Earlier studies showed a

decrease in cholesterol levels in patients with MetS after 6

months of rosuvastatin use. Also, rosuvastatin had a beneficial

effect when it comes to HbA1c level in patients without DM.17

Although the mechanism is still unclear nor supported by ourT
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Table 9. Comparison of 30-Day Outcome After CEA Between
Patients With and Without DM.

Parameter
DM, n ¼ 114

(20.2%)
No DM, n ¼ 450

(79.8%) P

TIA/CVA 8 (7.0) 16 (3.5) .12
MI 0 3 (0.7) 1.0
Nerve injury 7 (6.1) 43 (9.6) .25
Rebleeding 9 (7.9) 27 (6.0) .46
Delirium 3 (2.6) 4 (0.9) .15
Wound infection 0 3 (0.7) 1.0
Overall death 2 (1.8) 5 (1.1) .63
Composite end point of

TIA/CVA and death
8 (7.0) 20 (4.4) .26

Hospital length of stay (days),
median (IQR)

2 (2-2) 2 (2-3) .58

Abbreviations: CEA, carotid endarterectomy; CVA, cerebrovascular accident;
DM, diabetes mellitus; IQR, interquartile range; TIA, transient ischemic attack.

Table 8. Multiple Logistic Regression Analysis of the Risk of Long-
Term TIA/CVA/MI on the Individual Components of MetS.

Parameter Odds Ratio Confidence Interval P

MetS—hypertension 1.66 0.57-4.80 .35
MetS—DM 1.30 0.70-2.43 .40
MetS—triglycerides 0.90 0.48-1.72 .76
MetS—HDL-C 1.34 0.71-2.52 .37
MetS—BMI 0.70 0.33-1.47 .34

Abbreviations: BMI, body mass index; CVA, cerebrovascular accident;
DM, diabetes mellitus; HDL-C, high-density lipoprotein cholesterol;
MetS, metabolic syndrome (MetS—DM, composed of patients with either a
fasting serum blood glucose >110 mg/dL or use of antidiabetic medication);
MI, myocardial infarction; TIA, transient ischemic attack.

Table 10. Comparison of Long-Term Outcome (>30 Days) After
CEA Between Patients With and Without DM.

Parameter
DM, n ¼ 114

(20.2%)
No DM,

n ¼ 450 (79.8%) P

Ipsilateral TIA/CVA 9 (7.9) 7 (1.6) .001
Contralateral TIA/CVA 1 (0.9) 9 (2.0) .70
MI 5 (4.4) 16 (3.6) .59
Composite end point of

TIA/CVA/MI
15 (13.2) 32 (7.1) .04

Death 18 (15.8) 62 (13.8) .58

Abbreviations: CEA, carotid endarterectomy; CVA, cerebrovascular accident;
DM, diabetes mellitus; MI, myocardial infarction; TIA, transient ischemic attack.
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findings, there may be a correlation between statin use, the

distinct components of MetS, and outcome after CEA.

We found no difference in survival nor short- and long-term

complications between patients with and without MetS. The 2-

and 5-year survival rates were, respectively, 94% and 85% in

MetS group compared with 95% and 81% in the no MetS

group. These survival rates are higher than the 80% 5-year

survival rates reported in the literature.9,10 In our study, only

4 of the 87 patients (no MetS, n ¼ 48, 15% vs MetS, n ¼ 39,

16.0%) who died during follow-up died of a neurological cause

of which 3 died within the first 30 days after surgery.

We found a baseline prevalence of MetS of 43.3%, which is

comparable with other studies,9,18 although higher numbers

have been reported.10,19 This may be caused by the definition

of the syndrome. Although the composition of indicators is

generally comparable, the cutoff scores slightly differ in the

various scoring systems. In order to compare our outcomes, we

used the same definition as documented in the largest compa-

rable study on the outcome after CEA in patients with MetS.9

This included BMI as a tool to measure obesity. Although

previous studies have shown waist circumference as a more

reliable criterion when it comes to predicting cerebrovascular

events than BMI, we think the aforementioned reason justifies

our choice.20

In the MetS group, the percentage of patients receiving a

synthetic patch, as opposed to a venous patch, was significantly

higher. The arteriotomy was preferably closed with an

Figure 2. Probability of survival following CEA: comparison of patients without MetS and with MetS (according to the Kaplan-Meier method).
There is no significant difference between the groups (log rank P ¼ .86). CEA indicates carotid endarterectomy; MetS, metabolic syndrome.

Table 11. Differences in Causes of Death (Short-and Long-Term)
Between the MetS Group and No MetS Group.

Cause
MetS (%),

n ¼ 244 (43.3%)
No MetS (%),

n ¼ 320 (56.7%) P

Neurological, n (%) 3 (1.2) 1 (0.3) .32
Cardiac, n (%) 7 (2.9) 13 (4.1) .31
Pulmonary, n (%) 2 (0.8) 5 (1.6) .45
Malignancy, n (%) 12 (4.9) 13 (4.1) .71
Multiorgan failure, n (%) 4 (1.6) 4 (1.3) 1.0
Other, n (%) 9 (3.7) 11 (3.4) .99
Aneurysm related, n (%) 2 (0.8) 1 (0.3) .59
Total 39 (16.0) 48 (15.0) .75

Abbreviation: MetS, metabolic syndrome.
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autologous vein, unless it was absent (after varicose vein treat-

ment or bypass surgery) or the patient had peripheral arterial

disease (PAD), in which a synthetic patch was preferred. Since

all components of MetS are also considered risk factors for

PAD, patients were either having PAD or considered at high

risk for an impaired wound healing. Although not statistically

significant, there were more patients with coronary artery dis-

ease in the MetS group, including patients who previously had

a coronary artery bypass graft. We believe this is a sensible

algorithm, in particular also because there are no differences in

outcome between venous and synthetic patches in carotid

revascularization.21

This study has limitations. First, it is a retrospective anal-

ysis of a prospectively collected database. This entails the risk

of selection bias. Even though MetS played no part in select-

ing patients for CEA, certain comorbid conditions may nev-

ertheless have led to a selection. Interestingly, patients in the

MetS group had a higher CCI and were more likely to have

renal insufficiency. However, multivariable analysis showed

that these factors had no effect on long-term adverse events

and did not alter the effect of MetS. Second, it has been

suggested that the risk of restenosis is higher in patients with

MetS.9 Duplex control was performed in 75% of patients after

1 year. Thereafter, it was only carried out in high-risk patients

which resulted in 30% of patients in which a duplex was

performed after 2 years of follow-up. Notwithstanding the

selection bias and smaller sample size, in this subgroup, we

found no difference in degree of restenosis after 2 years

(P ¼ .87). However, the absence of duplex ultrasound control

during follow-up could have led to lesions being missed,

which could have concealed a potential difference between

the 2 groups. Considering these stenoses are subclinical the

effect on patient survival and freedom from MAE would have

been negligible. Whether treatment of these asymptomatic

restenosis would have altered our results cannot be ascer-

tained but seems unlikely. Moreover, the value of duplex after

CEA for stroke prevention is still a subject of discussion and a

customized follow-up in low-risk patients seems justified.22,23

Third, hypertension was based on either the blood pressure at

the outpatient clinic, as measured by the anesthesiologist pre-

operatively or by the use of medications. We acknowledge

that a limited number of measurements is insufficient to prop-

erly diagnose patients for hypertension. However, in our

group 86% (424/494) of patients were considered as having

hypertension based on their medication use and thus, with

some uncertainty, our assumption seems justified. Fourth, to

assess the net effect of MetS, a subanalysis between DM

patients with and without MetS would be appropriate. Unfor-

tunately the event numbers in these small groups are too low

to make a reliable statement.

In conclusion, this study shows that MetS has no significant

effect on short- and long-term outcomes after CEA. Although

there may be differences between symptomatic and asympto-

matic patients as well as a risk of subclinical restenosis, the

presence of MetS should not be a reason to refrain from treating

patients with a carotid stenosis by CEA.
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