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Objective: To evaluate the impact of diabetic status on outcome of patients under-
going carotid artery stenting (CAS). Background: Diabetes has been demonstrated to
be a strong predictor of adverse outcome in patients undergoing coronary revasculari-
zation. Its significance in predicting outcome of patients undergoing carotid interven-
tions has not been ascertained. Methods: We evaluated the short-term outcomes of
833 patients who underwent CAS at our institution. The primary outcome of this analy-
sis was 30 day incidence of stroke, myocardial infarction, and death. Results: Diabetes
was present in 311 patients. Baseline characteristics were comparable between dia-
betics and nondiabetics except for the diabetics having a lower left ventricular ejection
fraction, lower hemoglobin, and a higher body mass index at baseline. Further, they
were more likely to have congestive heart failure and coronary artery disease. There
was no difference in the incidence of stroke (1.9% versus 2.7%,), myocardial infarction
(MI) (2.6% versus 1.9%), death (3.9% versus 2.5%), or the composite of death stroke or
MI (6.8% versus 5.9%) at 30 days between diabetics and nondiabetics. Similar results
were seen when the analysis was restricted to patients treated with an emboli protec-
tion device. Diabetes was not a risk factor for adverse outcome after CAS after multi-
variate adjustment. Conclusion: Diabetics undergoing CAS are more likely to have
associated co-morbidities. However despite this handicap, their short term outcome
after CAS is similar to that of nondiabetics. ' 2007 Wiley-Liss, Inc.
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INTRODUCTION

Diabetes is a major health problem with the num-
bers of diabetics increasing both in the United States
and globally. Cardiovascular disease is the leading
cause of mortality and morbidity in the diabetic popu-
lation [1]. When compared with nondiabetics, diabetics
have a worse outcome after cardiovascular therapeutic
interventions [2–4]. Diabetes is a major risk factor for
stroke [5] and diabetics make up 11%–40% of patients
undergoing carotid endarterectomy (CEA) [4]. Further,
diabetes appears to be a major predictor of adverse
outcome in this population [6].
Recently carotid artery stenting (CAS) has emerged

as a viable alternative to CEA [7]. The impact of dia-
betes on outcome of patients undergoing CAS remains
unknown. We accordingly evaluated the short and long
term outcome of diabetic patients undergoing CAS at
our institution.
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METHODS

All patients undergoing CAS at our institution are fol-
lowed in an institutional review board approved carotid
stent registry. The details of this registry have been pre-
viously published [8,9]. Briefly, all patients are evaluated
by a endovascular specialist and a neurologist prior to
the procedure. Baseline demographic and clinical char-
acteristics, interventional devices, procedural outcomes,
and clinical complications are recorded on all patients.
All patients received aspirin, a thienopyridine (ticlo-

pidine or clopidogrel), and intravenous unfractionated
heparin. Majority of patients were also enrolled in dif-
ferent clinical trials or post-marketing registries of var-
ious stent platforms and emboli protection devices
(EPDs). An ECG was obtained prior to and the day af-
ter the procedure. CK-MB was routinely ascertained
6–8 hr after the procedure, the morning after the procedure
and in the event of suspected ischemia. All patients were

evaluated by a neurologist prior to discharge. Stroke
was defined as any focal nonconvulsive neurological
deficit (corresponding to a vascular territory) persisting
more than 24 hr. Outpatient follow-up was scheduled at
�30 days, 6 months, and annually thereafter. Mortality
follow up on all patients was obtained using social se-
curity death index. Diabetes was defined by use of in-
sulin, oral hypoglycemic agents, or patient report.

Statistical Analysis

Continuous variables are expressed as mean +/�
standard deviation while discrete variables are express-
ed as frequency counts and percentages. Difference in
discrete variables between groups was determined using
the chi square test, while the t test and Mann–Whitney
U test were used for continuous variables as appropriate.
Binary logistic regression was used to calculate the ad-
justed and unadjusted odds of death, myocardial infarction

TABLE I. Baseline Characteristics of the Cohort by Presence and Absence of Diabetes

Baseline characteristics

Nondiabetics

(n ¼ 522)

Diabetics

(n ¼ 311) P

Age (yr) 70.6 6 10.4 70.4 6 8.9 0.336

Ejection fraction (%) 44 6 15 41 6 16 0.033

Female 194 (37.2) 96 (31.1) 0.083

Height (cm) 169 6 11 170 6 11 0.333

Weight (kg) 77.2 6 15.4 84.8 6 17.1 <0.001

Body mass index (kg/m2) 26.9 6 4.8 29.4 6 5.3 <0.001

Vascular Risk Factors

History of hypertension 425 (81.6) 274 (88.4) 0.011

History of smoking tobacco 391(75.5) 220 (71.0) 0.165

History of hyperlipidemia 391 (75.6) 253 (81.6) 0.047

Family history of premature arteriosclerosis 94 (18.1) 58 (18.6) 0.72

Comorbidities

History of coronary artery disease 392 (75.2) 267 (86.1) <0.001

History of unstable angina 69 (13.2) 57 (18.3) 0.057

History of prior MI 188 (37.8) 160 (53.7) <0.001

History of COPD 92 (17.6) 60 (19.3) 0.578

History of CHF 87 (19.4) 96 (35.6) <0.001

History of PVD 176 (40.2) 123 (47.3) 0.069

Laboratory values

Baseline creatinine (mg/dl) 1.2 6 0.8 1.3 6 1.0 0.052

Baseline hemoglobin (g/dl) 13.25 6 1.70 12.81 6 1.78 0.001

Platelet count, (K/ll) 229 6 69 224 6 75 0.061

Procedural variables

Contralateral carotid occlusion 71 (13.7) 47 (15.4) 0.537

History of prior radiation 49 (9.4) 16 (5.2) 0.032

History of radical neck surgery 26 (5.0) 10 (3.2) 0.291

Prior carotid endarterectomy 132 (26.7) 56 (18.7) 0.010

CAS preopen heart surgery 74 (14.2) 64 (20.6) 0.021

History of TIA within 6 months 173 (33.2) 79 (25.6) 0.023

History of stroke 137 (26.2) 95 (30.7) 0.174

History of Amarousis fugax 45 (8.7) 15 (4.8) 0.052

Heparin dose(units) 5466 6 1910 5851 6 2093 0.006

Peak activated clotting time (s) 303 6 46 298 6 46 0.173

First direct systolic blood pressure (mm Hg) 154 6 28 157 6 27 0.195

Emboli protection use 341 (65.3) 219 (70.4) 0.147

Length of stay (in days) 3.6 6 7.1 3.9 6 6.6 0.044

Data are mean 6 SD; n, number of patients, values given in parenthesis indicate percentage.

542 Gurm et al.

Catheterization and Cardiovascular Interventions DOI 10.1002/ccd.
Published on behalf of The Society for Cardiovascular Angiography and Interventions (SCAI).



(MI), stroke or a composite of death, MI or stroke at
30 days. A logistic regression model was developed to
assess for independent predictors of adverse outcome. Dis-
criminating ability and goodness of fit were assessed using
the c statistic and the Hosmer–Lemeshow test, respectively.
Long term survival was illustrated with Kaplan–

Meier curves, and outcomes were compared using the
log-rank test. A Cox regression model was developed
to identify independent predictors of survival among
patients undergoing carotid stenting.

RESULTS

Our cohort comprised of 833 patients that underwent
their first CAS at our institution between February
1998 and August 2005. Diabetics made up 37% (311)
of the cohort. The baseline characteristics of the cohort
by diabetic status are described in Table I. Diabetics
were similar with respect to age and gender but were
more likely to have coexistent coronary artery disease,
prior MI, congestive heart failure, hypertension and dys-
lipidemia, a greater body mass index, and a lower he-
moglobin. They were less likely to have had prior radia-
tion therapy to the neck or have undergone prior CEA.

Short Term Outcome

The short term outcome of the cohort is described
in Fig. 1. There was no difference in the incidence of
death, stroke or MI or the composite of stroke, death
or MI at 30 days between diabetics and nondiabetics.
Similarly when patients treated with EPDs were eval-
uated separately, there was no difference in the short
term outcome of diabetics and nondiabetics (Fig. 2).
The mode developed to predict 30 day MACE had

good discriminating ability and goodness of fit (c statistic

of 0.94, Hosmer–Lemeshow P ¼ 0.92) The independ-
ent significant predictors of 30 day death, stroke or MI
were (in the order of importance) CAS performed pr-
ior to open heart surgery (OR 3.12), hematocrit (OR
0.93), EPD use (OR 0.45), and age (OR 1.001). When
diabetes was forced into this model, it was not a sig-
nificant predictor of events (OR 0.99, 95%, CI 0.52–
1.84, P ¼ 0.97).
The long term survival of the cohort is depicted in

Fig. 3. There were a total of 140 deaths over a mean
follow up period of 31.5 months. There was no differ-
ence in the survival of diabetics and nondiabetics in
this cohort (Log-rank P ¼ 0.43). Similarly, diabetes
was not an independent predictor of survival in this
cohort. The independent predictors of long term sur-

Fig. 1. The odds and incidence of major adverse events at 30
days by diabetes. Fig. 2. The odds and incidence of major adverse events at 30

days by diabetes in patients treated with emboli protection
devices.

Fig. 3. The long term survival of the cohort based on diabetic
status.
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vival were younger age, absence of history of congestive
heart failure, use of EPD, greater body mass index, higher
systolic blood pressure at time of procedure, higher base-
line hemoglobin, and lower baseline serum creatinine.

DISCUSSION

The key finding of our study is that when compared
with nondiabetics, diabetics undergoing carotid stenting
are not at any greater risk of peri-procedural complica-
tions (including death). These findings are important
for many reasons. Carotid stenting has evolved from a
nascent field to a mature technology and the number
of procedures being performed worldwide is increasing
[10]. Since diabetics make up a large proportion of
patients undergoing CEA, the number of diabetics
undergoing carotid stenting is expected to increase.
Previous data indicate that diabetics undergoing

CEA probably have a similar to slightly increased risk
of perioperative stroke but a higher risk of peri-proce-
dural MI and death [4]. Data from the Swedish Vascu-
lar registry suggests that diabetes is an independent
predictor of early death after CEA [11]. Other contem-
porary data also suggest that diabetics have a lower
short and long term survival after CEA [12]. Similarly
diabetes has been demonstrated to be an independent
risk factor for peri-procedural MI [13]. In the recently
published analysis of over 13,000 patients undergoing
CEA, diabetic patients had a significantly higher risk
of stroke (2.1% versus 1.5%), death (3.1% versus 1.6%),
or MI (1.6% versus 1%).
The reasons for the increased risk of peri-operative

death and MI may relate to a greater prevalence of
severe coronary artery disease among the diabetics un-
dergoing CEA [14]. In our cohort, the prevalence of
coronary artery disease was much higher in the dia-
betics and is concordant with data from the surgical
literature [14].
Diabetics, in general have somewhat worse outcome

after PCI and appear to derive a survival benefit from
CABG [2,15–17]. The reasons for this poor outcome
may relate to more diffuse disease, an inflamed vascu-
lar bed and an increased propensity to restenosis. There
are many reasons why the same results may not apply
to carotid arteries. The carotid arteries are large and
the disease process is usually limited to the proximal
internal carotid artery in both diabetics and nondia-
betics. Further the markedly lower risk of perioperative
MI with CAS may be particularly relevant to this pop-
ulation [7]. Indeed, the risk of MI in our population
was exceedingly low. This finding is especially impor-
tant since all patients at our institution are prospec-
tively screened for occurrence of asymptomatic MI.

Limitations

Data on diabetic control and specific antidiabetic
medications were not available in all patients and could
not be incorporated into the analysis. Our study cohort
relates to a selective patient population undergoing
CAS in a tertiary care centre and selection bias cannot
be excluded. It is possible that the nondiabetics in our
population comprised of individuals with exceedingly
aggressive atherosclerosis and the lack of difference in
events may relate to a higher incidence of complica-
tions in nondiabetics. However, nondiabetics in our
study were more likely to be undergoing the procedure
for anatomic high risk while the diabetics were more
likely to have medical (especially cardiac) high risk
suggesting that this is unlikely. Further, the small num-
ber of events in the cohort prohibits multivariable
adjustment for individual endpoints and also limits our
ability to exclude a small but significant difference
between the two groups. While our data set is large,
the number of patients and events is still too small to
determine if 6.8% event rate in diabetics is different
than a 5.9% rate in nondiabetics. However, this low
hazard also provides reassuring data on the safety and
durability of the procedure.

CONCLUSIONS

Diabetics undergoing CAS do not appear to be at an
increased risk of procedural complications. While direct
comparative data is lacking, our findings suggest that
CAS may be a viable alternate strategy for diabetic under-
going CEA. Further trials are warranted to directly test
the two revascularization strategies in diabetic patients.
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