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Abstract

BACKGROUND—This study analyzed the effect of statins on clinical outcomes after carotid
endarterectomy (CEA) and the rate of restenosis.

STUDY DESIGN—We performed a retrospective analysis of prospectively collected data on 500
consecutive CEAs followed at 1, 6, and 12 months and every year.

RESULTS—There were 299 patients on statins vs 201 without. Combined perioperative MI/
death rates were 2.7% vs 4% (p = 0.416) and Ml/stroke/death rates were 4% vs 5% (p = 0.607) for
statins vs no statins. At mean follow-up (27 months), Ml, stroke, and death rates were: 9.7%,
2.3%, and 2.3% vs 9%, 2.5% and 4.5% (p = 0.18) for statins vs no statins, respectively. Diabetic
patients not on statins had 4 times more deaths (8.5% vs 2.3%) and twice as many strokes/deaths
(10.2% vs 5.3%). Patients with hypercholesterolemia who were not on statins had twice as many
deaths (4.3% vs 2.2%). Rates of freedom from stroke/MI/death at 1, 2, 3, and 4 years were: 94%,
90%, 85% and 77% vs 94%, 89%, 85%, and 82% (p = 0.87) for statins vs no statins, respectively.
Rates of freedom from death only for patients on statins vs no statins at 1, 2, 3, and 4 years were:
98%, 98%, 97.4% and 97.4% vs 98%, 96%, 94.8% and 94.8%, respectively (p = 0.191). For
diabetic patients, rates of freedom from death at 1, 2, 3, and 4 years were 99%, 99%, 97%, and
97% for statins vs 97%, 90%, 90%, and 90% without statins, respectively (p = 0.048). Post-CEA
restenosis rates 250% were not significantly different between statins vs no statins (p = 0.64).
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CONCLUSIONS—Statins significantly lowered death rates in patients with diabetes and tended
to lower both death and stroke rates in diabetic patients and patients with hypercholesterolemia.
Statins had no effect on post-CEA restenosis.

The pleiotropic effects of statins on the vascular system have resulted in several studies
examining their use in several cardiovascular disorders such as coronary artery disease,
peripheral artery disease, aneurysmal disease, stroke, and, more recently, in patients
undergoing carotid endarterectomy (CEA).1-8

The Heart Protection Study (HPS) randomized patients into simvastatin (40 mg) vs placebo
and concluded that patients on statin therapy with a previous history of cerebrovascular
events conferred a 24% risk reduction in the composite endpoint of myocardial infarction
(M), stroke, vascular death, and the need for revascularization.2 However, the incidence of
late stroke alone was not reduced by statins, which was thought to be explained by the fact
that patients probably gained more benefit from cardiac protection. Statins have also been
shown to prevent stroke in clinical trials in different settings? and have been associated with
a reduction in adverse events in noncardiac surgery. Others have reported that statins have
putative neurologic protective effects8; therefore, statins have been recommended for
cardiovascular risk modification in many medical and surgical patients. However, only a
few studies have reported on their benefits in patients undergoing CEA. This study analyzed
the effects of statins on perioperative and late clinical outcomes after CEA and the rate of
post-CEA restenosis.

METHODS

This is a retrospective analysis of data collected prospectively on 500 consecutive patients
who had CEASs over a recent 3-year period performed by vascular surgeons at the Vascular
Center of Excellence at Charleston Area Medical Center/West Virginia University,
Charleston, WV. The data were collected from the electronic medical records, including
operative procedures, perioperative notes, and routine follow-up notes at the Vascular
Center of Excellence. Additional data were sought from family physicians, if necessary, in
regard to reports related to major adverse events (stroke, MI, and/or death). The death data
were also supplemented by checking the Social Security Death Index. This study was
approved by the Institutional Review Board of West Virginia University/Charleston Area
Medical Center, Charleston, WV.

Patient demographics and clinical characteristics were recorded, including age, sex,
hypertension, diabetes mellitus, coronary artery disease, hypercholesterolemia, smoking,
COPD, and chronic renal insufficiency. The indications for CEA were also recorded,
whether symptomatic (transient ischemic attack [TIA] or stroke) or asymptomatic. Redo
CEAs, CEAs combined with coronary artery bypass, or CEAs associated with other
brachiocephalic reconstructions were excluded from analysis. Patients were classified
according to statin use at the time of admission to the hospital for the procedure. Statin use
was defined as any type of statin therapy at any dosage. It was presumed that each statin
would have an equal effect on the outcome; therefore, all statin users were counted as a
single variable for the sake of analysis. Patients were not assessed for medication adherence
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at any point and there was no attempt to collect data on the dosage, perioperative duration of
treatment, or potential complications of statin use. However, all patients who were on
preoperative statin therapy were continued on statins postoperatively at discharge.

All CEAs were done under general anesthesia with systemic heparin, routine carotid
patching, and intraluminal shunting. They were given preoperative aspirin (325 mg or 81 mg
daily) within a few days of surgery, and it was continued indefinitely postoperatively.

Both 30-day perioperative and late major adverse events were recorded and analyzed,
including stroke, MI, and/or death. These adverse events were compared between patients
who were on statins vs no statins. Major adverse events, specifically death, were also
compared in patients with diabetes mellitus and hypercholesterolemia, according to their
intake of statins. All strokes were confirmed using brain CT scanning or MRI, and these
patients were evaluated by a neurologist. An M1 was defined as the presence of an abnormal
electrocardiogram associated with chest pain and/or elevated plasma troponin with a value
above 99% of the upper reference limit.

Definition of comorbidities

Coronary artery disease was defined as a history of angina, MI, coronary artery bypass graft,
or coronary percutaneous transluminal angioplasty or stenting. Hypertension was defined as
medical treatment for hypertension or consistent blood pressure of >150 mmHg systolic or
>90 mmHg diastolic. Diabetes mellitus was defined as a history of medical treatment for
diabetes.

The definition of COPD was the routine use of inhalers or a previous diagnosis of
obstructive pulmonary disease or medical therapy for COPD. Chronic renal insufficiency/
end-stage renal disease was defined as renal failure requiring chronic renal replacement
therapy. Hyperlipidemia was defined as the need for medical treatment for hyperlipidemia or
total cholesterol above 200 mg/dL.

Regarding post-CEA carotid duplex surveillance protocol, all patients underwent immediate
postoperative duplex ultrasound, which was repeated at 1, 6, and 12 months, and every year
thereafter. The presence of 250% and =80% post-CEA restenosis was analyzed for patients
on statins vs no statins, using previously validated criteria in our accredited vascular
laboratory.?

Statistical analysis

A statistical analysis was performed using SAS 9.2 software. Categorical variables were
analyzed using a contingency table with chi-square or Fisher’s exact test to determine
statistical significance. A Kaplan-Meier analysis was used to estimate survival for patients
on statins vs no statins, and a similar analysis was done on patients with diabetes mellitus
and hypercholesterolemia who were on statins vs no statins.
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RESULTS

This is a series of 500 consecutive CEASs: 299 patients on statins and 201 patients without
statins. As noted in Table 1, all demographic and clinical characteristics were comparable,
except the incidence of diabetes mellitus (44% in the statin group vs 29% in the no statin
group, p = 0.001) and hypercholesterolemia (76% vs 58%, p < 0.0001). The mean age for
the group was 68.5 years (range 43 to 98 years). There were no statistically significant
differences between the mean ages of patients on statins vs no statins (68.7 vs 68.1 years).

Perioperative outcomes

Table 2 summarizes the perioperative outcomes for patients on statins vs no statins. As
noted, there were no significant differences in early perioperative outcomes: major adverse
events (specifically Ml, stroke, and death); combined perioperative stroke and death; MI and
death; or Ml, stroke, and death. As noted, statins tended to lower perioperative death rates,
and perioperative Ml and death rates by one-third.

Late outcomes

As noted in Table 2, at a mean follow-up of 27.4 months (range 1 to 68 months), there were
no significant differences between the combined early and late stroke rates (2.3% vs 2.5%),
MI (9.7% vs 9%), death (2.3% vs 4.5%, p = 0.1832), combined stroke and death (4.3% vs
6%), MI and death (11.7% vs 12.4%) and combined stroke, MI, and death (13.4% vs 13.4%)
for patients on statins vs no statins. However, it should be noted that the combined stroke
and death rates were cut by one-third and the combined early and late deaths were cut by
one-half for patients on statins vs no statins.

Combined early and late outcomes for diabetic patients and patients with
hypercholesterolemia

The combined early and late clinical outcomes are summarized for diabetic patients in Table
3 and for patients with hypercholesterolemia in Table 4. A subset analysis showed that
diabetic patients not on statins had 4 times more deaths than diabetic patients on statins
(8.5% vs 2.3%, p = 0.1101) and twice as many combined strokes and deaths (10.2% vs
5.3%, p = 0.229). Similarly, patients with hypercholesterolemia who were not on statins had
twice as many deaths (4.3% vs 2.2%).

Kaplan-Meier analysis of major adverse events

Rates of freedom from stroke, Ml, and death at 1, 2, 3, and 4 years were: 94%, 91%, 85%,
and 77% vs 94%, 89%, 85%, and 82% (p = 0.87) for patients on statins vs no statins,
respectively (Fig. 1). The rates of freedom from death (survival) for all patients at 1, 2, 3,
and 4 years were 98%, 96%, 95%, and 95% for patients without statins vs 98%, 98%, 97%,
and 97% for patients on statins, respectively (p = 0.191, Fig. 2). The rates of freedom from
death in diabetic patients are shown in Figure 3: 99%, 99%, 97%, and 97% for diabetic
patients on statins vs 97%, 90%, 90%, and 90% for diabetic patients without statins at 1, 2,
3, and 4 years, respectively. As noted, there were statistically significant differences in
survival rates in diabetic patients between those who were on statins vs no statins (p =
0.048).
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Effect of statins on the rate of post-carotid endarterectomy restenosis

Overall, 442 of 500 patients had available duplex ultrasounds beyond 6 months (in addition
to their postoperative duplex ultrasound), and these were available for analysis of post-CEA
restenosis. Post-CEA restenosis =50% was not significantly different between the 2 groups:
10 of 269 (3.7%) vs 5 of 173 (2.9%, p = 0.64), respectively, for patients on statins vs no
statins.

DISCUSSION

Since their introduction in 1987, statins have become the preferred agents for treatment of
hypercholesterolemia.> Randomized clinical trials have conclusively demonstrated that
statin use is correlated with a decrease in adverse cardiovascular events, with improved
overall survival.>-8:10 |n addition, the use of statins has been correlated with an anti-
inflammatory effect, slowing progression of atherosclerosis, plague stabilization, inhibition
of the development of intimal hyperplasia, and even a reduction in the size of atheromatous
plaques over time.>1112 As a result, many patients with peripheral vascular disease are
placed on statins, both for the lipid lowering effects of the drug and its above-mentioned
pleiotropic effects.13 The effects of periprocedural statin administration have been studied in
the treatment of coronary artery disease and acute coronary syndrome, but the results have
been inconsistent, with some studies demonstrating reduced perioperative and late
mortality,24 while others show no significant benefit of statin administration.1516

Recently published literature has demonstrated that the perioperative use of statins in
patients undergoing major vascular surgery is associated with reductions in both 30-day and
5-year mortality,17-19 as well as a reduction in major adverse cardiovascular events.2 In
addition, the perioperative administration of statins has also been associated with improved
limb-related outcomes in patients with critical limb ischemia, although these results have not
been consistent across all studies, with some demonstrating improvement in amputation-free
survival?0-22 and others demonstrating no significant benefit with respect to limb-related
outcomes.23:24 A 2013 Cochrane systematic review examined the role of statin
administration and its effect on patients undergoing noncardiac vascular surgery. The
authors concluded that, of the high-quality studies available for review, there were
insufficient data to conclude that statin use was beneficial and further studies on this practice
would be of value.25 However, the strict criteria for study inclusion used by the authors of
the Cochrane review resulted in this being a rather limited analysis involving a small
number of patients.

The few previously published studies on the role of statin therapy in the treatment of patients
undergoing CEA suggest that statins may be of benefit in this subpopulation of vascular
patients. A 10-year study (1994 to 2004) by the Johns Hopkins group® of 1,440 patients
undergoing isolated CEA demonstrated that the use of statins in CEA patients resulted in
significant reductions in perioperative stroke (1.2 % vs 4.5%, p < 0.01) and mortality (0.3%
vs 2.1%, p < 0.01). A reduction in perioperative cardiac events was also observed (1.2% vs
2.1%, p = 0.191); it trended toward, but ultimately failed to reach statistical significance.26
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Another large 2005 study by LaMuraglia and associates?” demonstrated that statin use was
beneficial in CEA patients, specifically in respect to CEA durability. A 10-year review
(1989 to 1999) of 2,127 CEAs (only 50% had patching) demonstrated that statin use was
associated with improved durability of CEA. Specifically, a multivariate analysis showed a
lower incidence of both early restenosis (odds ratio [OR] 0.601, p < 0.007) and late CEA
anatomic failure (OR 0.128, p < 0.003), as well as a higher likelihood of late freedom from
disease progression in patients receiving statins (OR 0.202, p < 0.002).2 It should be noted
that one-half of their patients didn’t have carotid patching.

Finally, another 2005 study examined outcomes in 2,031 symptomatic CEA patients (815 on
statins) and 1,252 asymptomatic patients (665 on statins) and found that the indication for
CEA (symptomatic vs asymptomatic stenosis) may also play a role in the observed benefit
of perioperative statin therapy. In their study, which used propensity score matching to
control for differences in patient population characteristics, a benefit of statin administration
was observed in symptomatic patients, with significant reductions in in-hospital mortality
(OR 0.25, 95% CI 0.07 to 0.90) and in-hospital ischemic stroke (OR 0.55, 95% CI 0.32 to
0.95). However, this benefit was not observed when the indication for CEA was
asymptomatic stenosis. Despite the retrospective and observational nature of these studies,
the observed benefits have caused some vascular surgeons to recommend routine
administration of statins to patients undergoing CEA.28

Our experience

In our study of 500 demographically similar CEA patients, statin administration did not
significantly affect the rates of perioperative stroke, MlI, or death, either when examined as
independent variables or when studied in combination. The same phenomenon was observed
with late outcomes; although the death rate was reduced by nearly 50% (4.5% in the no
statin group vs 2.3% in the statin group, p = 0.1832). The failure of these trends to reach a
level of statistical significance was most likely due to the low perioperative stroke/death rate
(around 2%) and the small number of patients who died during the study period (16 of 500).
We believe that such an impressive trend in reduction certainly suggests the need to further
study the effect of statin therapy on late mortality in this clinical setting.

When both early and late outcomes in specific subpopulations were considered, such as
patients with diabetes mellitus and hypercholesterolemia, the results were even more
impressive. Diabetic patients who were receiving statins were only 25% as likely to die in
the follow-up period (8.5% vs 2.3%, p = 0.1101) and nearly 50% less likely to suffer
combined stroke/death (10.2% vs 5.3%, p = 0.229) when compared with the no statin group.
The failure of these impressive trends to reach significance was, once again, likely due to the
relatively small number of patients suffering death or combined stroke/death during the
study period. The Kaplan-Meier analysis of the 4-year freedom from death in diabetic
patients demonstrated a significant benefit to statin use when compared with the no statin
group (p = 0.048).

In the hypercholesterolemia group, similar trends were observed with statin use in regard to
a reduction in early and late deaths (4.3% vs 2.2%, p = 0.3144), and Ml (12.1% vs 8.8%, p =
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0.3327). Although noteworthy, the small numbers did not allow these trends to reach a level
of statistical significance.

Finally, statins did not significantly affect the rates of restenasis in our series; however, this
finding was not unusual because restenosis rates are low after CEA across all populations
with routine patch closure.29-31

The limitations of this study include its retrospective and observational design. Because of
this study design, it was impossible to determine the duration of time patients had been on
statins and the degree of lipid-lowering benefit in this subpopulation of patients. In addition,
all statins were evaluated as a single group (any statin vs no statin), so we were unable to
determine if different statins were more effective than others in regard to perioperative
outcomes. Patient compliance with statin administration could not be evaluated objectively
and, therefore, could be a confounding variable if the statin group was noncompliant with
their prescribed regimen. Finally, although the sample size of 500 patients is by no means
small, the number of observed adverse events was small and may have played a role in the
failure of these impressive trends to reach significance.

These questions represent important areas for future study. Although a randomized
controlled trial would certainly serve as the most definitive way to investigate the role of
statins in CEA patients from a scientific perspective, the ethical considerations may
ultimately prohibit such a trial from ever occurring. This is due to the well-established
benefit of statins in reducing cardiovascular events and cardiovascular mortality in the at-
risk population.® Because these data are so well established, and the existence of these
comorbidities are so prevalent in the vascular patient population, it would seem unethical to
withhold statins to investigate the effect of statin administration on noncardiac interventions
because this practice would subject the “no statin arm” to unnecessary risk.

CONCLUSIONS

In conclusion, patients who were placed on statin therapy after CEA tended to have lower
death rates, but not stroke rates. However, statins significantly lowered death rates in
diabetic patients and tended to lower both death and stroke rates in patients with diabetes
and patients with hypercholesterolemia. Statins had no effect on post-CEA restenosis.
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Figure 1.
Rates of freedom from stroke, Ml, and death at 1, 2, 3, and 4 years for patients on statins vs

no statins (whole group).
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Figure2.
Rates of freedom from death at 1, 2, 3, and 4 years for patients on statins vs no statins

(whole group).

J Am Coll Surg. Author manuscript; available in PMC 2016 April 01.

Page 11



1duosnue Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

AbuRahma et al.

Page 12
1o 4";‘—|:\--_“|:‘-
0.8 —
£
(1]
()]
O 06—
g —— No Statin
E — — - Statin
£
[¢]
©
[(}]
O 04
w
P-value = 0.048
0.2 -
0.0 T T T 1
0 12 24 36 48

Months
Figure 3.

Rates of freedom from death (diabetic patients only) at 1, 2, 3, and 4 years for patients on
statins vs no statins.
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Demographic and Clinical Characteristics

Table 1

No statins Sta(tri1n=s
(n=201) 299)

Characteristic n % n % pValue
Sex, male 111 55 154 52 0.414
Race, white 199 99 295 99 1
Hypertension 161 80 252 84 0.2266
History of stroke 3% 17 41 14 0.2585
Coronary artery disease 76 38 128 43 0.2648
Hyperlipidemia 116 58 228 76 <0.0001
Diabetes mellitus 59 29 131 44 0.0011
Chronic renal insufficiency 24 12 31 10 0.5817
COPD 45 22 63 21 0.7255
Current smoker 74 37 97 32 0.312
Previous smoker 47 23 68 23 0.8675
All smokers 121 60 165 55  0.2665
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Table 2
Early Perioperative and Late Outcomes
No statins Statins,
(n=201) (n=299) Total, p
n Value
Outcomes n % n %
Perioperative outcomes
Perioperative stroke 4 2 5 1.7 9 1
Perioperative Ml 5 25 6 2 11 0.7619
Perioperative death 3 15 3 1 6 0.6885
Peaigapt%rative stroke/ 5 25 7 23 12 1
Ml/death 8 4 8 2.7 16 0.4164
Perloperative MI/' 10 5 12 4 2 o072
Combined early and
late outcomes
Stroke 5 25 7 23 12 1
MI 18 9 29 97 47 0.7799
Death 9 45 7 2.3 16 0.1832
Stroke/death 12 6 13 43 25 0.4144
Ml/death 25 124 35 117 60 0.8049
Ml/stroke/death 27 134 40 134 67 0.9859
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Table 3

Early and Late Outcomes in Patients with Diabetes Mellitus

No statins Statins
(n=59) (n=131)

Outcomes (n = 190) n % n % p Value
Death 5 85 3 23 01101
Stroke 2 34 5 38 1
MI 7 119 17 13 0.8308
Stroke/death 6 10.2 7 53 0229
Ml/stroke/death 12 203 22 16.8 0.5553
Ml/death 11 187 19 145 0.469
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Table 4

Early and Late Outcomes in Patients with Hypercholesterolemia

Outcomes (n = 344)

No statins, Statins,
n (%) n (%) p Value
(n=116) (n=2298)

Death 5(4.3) 5(22) 0.3144
Stroke 2(1.7) 4018 1

MI 14(12.1)  20(8.8) 0.3327
Stroke/death 6 (5.2) 9(4) 0.5989

Ml/stroke/death

18 (155) 28 (12.3) 0.4044

Ml/death

17(147)  25(11) 0.323
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