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Abstract

Objectives—nPersistent variation in practice surrounds preoperative clopidogrel management at
the time of vascular surgery. While some surgeons preferentially discontinue clopidogrel citing a
perceived risk of perioperative bleeding, others will proceed with surgery in patients taking
clopidogrel for an appropriate indication. The purpose of this study was to determine whether
preoperative clopidogrel use was associated with significant bleeding complications during
peripheral arterial surgery.

Methods—We reviewed a prospective regional vascular surgery registry recorded by 66 surgeons
from 15 centers in New England from 2003 to 2009. Preoperative clopidogrel use within 48 hours
of surgery was analyzed among patients undergoing carotid endarterectomy (CEA), lower
extremity bypass (LEB), endovascular abdominal aortic aneurysm repair (EVAR), and open
abdominal aortic aneurysm repair (0AAA). Ruptured AAAs were excluded. Endpoints included
postoperative bleeding requiring reoperation, as well as the incidence and volume of blood
transfusion. Statistical analysis was performed using analysis of variance, Fisher exact, XZ, and
Wilcoxon rank-sum tests.
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Results—Over the study interval, a total of 10,406 patients underwent surgery, including 5264
CEA, 2883 LEB, 1125 EVAR, and 1134 oAAA repair. Antiplatelet use among all patients varied,
with 19% (n = 2010) taking no antiplatelet agents, 69% (n = 7132) taking aspirin (ASA) alone,
2.2% (n = 229) taking clopidogrel alone, and 9.7% (n = 1017) taking both ASA and clopidogrel.
Clopidogrel alone or as dual antiplatelet therapy was most frequently used prior to CEA and least
frequently prior to oAAA group (CEA 16.1%, LEB 9.0%, EVAR 6.5%, 0AAA 5%). Reoperation
for bleeding was not significantly different among patients based on antiplatelet regimen (none
1.5%, ASA 1.3%, clopidogrel 0.9%, ASA/clopidogrel 1.5%, P=.74). When analyzed by
operation type, no difference in reoperation for bleeding was seen across antiplatelet regimens.
There was also no difference in the incidence of transfusion among antiplatelet treatment groups
(none 18%, ASA 17%, clopidogrel 0%, ASA/clopidogrel 24%, £=.1) and none when analyzed by
individual operation type. Among patients who did require transfusion, there was no significant
difference in the mean number of units of packed red blood cells required (none 0.7 units, ASA
0.5 units, clopidogrel 0 units, ASA/clopidogrel 0.6 units, 2= 1) or when stratified by operation

type.

Conclusions—~Patients undergoing peripheral arterial surgery in whom clopidogrel was
continued either alone or as part of dual antiplatelet therapy did not have significant bleeding
complications compared with patients taking no antiplatelet therapy or ASA alone at the time of
surgery. These data suggest that clopidogrel can safely be continued preoperatively in patients with
appropriate indications for its use, such as symptomatic carotid disease or recent drug-eluting
coronary stents.

Since the advent and subsequent approval of clopidogrel (Plavix) by the Food and Drug
Administration, its use has become increasingly prevalent in contemporary practice.
Indications for clopidogrel therapy now include acute coronary syndrome, myocardial
infarction, stroke, and peripheral vascular disease.:2 Accordingly, clopidogrel now ranks
among the most commonly prescribed prescription medications and accounts for more than
5 billion dollars in annual pharmaceutical-derived revenue.3

Because of its common use, vascular surgeons are frequently confronted with decision
making around perioperative clopidogrel management. Several studies have documented
increased postoperative bleeding potential and transfusion requirements among clopidogrel-
treated patients undergoing cardiac surgery.1#~" Conversely, clopidogrel cessation within 12
months following drug-eluting coronary stent implantation has been associated with adverse
sequelae, including stent thrombosis and ensuing myocardial infarction (M1).8-10
Interestingly, there are few studies documenting the safety profile of clopidogrel therapy at
the time of carotid endarterectomy (CEA), even when performed in the context of
symptomatic carotid occlusive disease.! Moreover, such studies are small single-center
experiences with limited sample size that are likely underpowered to detect differences in
infrequent events, such as reoperation for bleeding.

In this setting, clinical debate persists surrounding the optimal preoperative management of
clopidogrel therapy. Indeed, a recent published survey of European surgeons demonstrated
widespread variation in preoperative clopidogrel management.1! While some surgeons
favored clopidogrel cessation at the time of surgery citing a perceived increased risk of
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bleeding complications, others favored continued perioperative therapy to prevent
thrombosis. The purpose of this study was to determine whether clopidogrel was associated
with significant bleeding complications measured by reoperation for bleeding and
transfusion requirement at the time of major peripheral arterial surgery.

METHODS

Subjects and database

This study reflects data collected in the prospectively compiled registry of the Vascular
Study Group of New England (VSGNE).12 Over the study interval from 2003 to 2009,
patients were treated at 15 academic and community centers by 66 participating surgeons.
Trained clinical data abstractors, nurses, and surgeons entered data prospectively for over 70
clinical, operative, and demographic variables for each procedure. All analysts were blinded
to patient, surgeon, and center identification.

Outcomes and variable definitions

Over the study interval, preoperative clopidogrel or aspirin use defined as being taken within
48 hours of surgery was recorded among all patients undergoing CEA, lower extremity
bypass (LEB), endovascular aneurysm repair (EVAR), and open abdominal aortic aneurysm
repair (0AAA) repair. Ruptured AAAs were excluded from further analysis. The primary
endpoints of this study were postoperative bleeding requiring reoperation (to determine a
detrimental effect of clopidogrel) and perioperative transfusion requirements, defined as
transfusion at the time of surgery or within the index hospitalization. All endpoints were
restricted to the hospitalization for the respective surgery. In addition, total transfusion
requirements were assessed among clopidogrel-treated and untreated patients who required
transfusion therapy. Perioperative transfusion is not recorded in the VSG registry for CEA,
in light of its associated infrequent incidence.

Statistical analysis

Patient demographics were compared using XZ analysis and ¢test for categorical and
continuous variables, respectively. Reoperations for bleeding and ongoing transfusion
requirement were assessed among patients using analysis of variance (ANOVA) and Xz
(Fisher exact correction). Wilcoxon rank-sum test was performed to compare transfusion
burden among patients who received perioperative blood transfusion. The use of deidentified
data for this analysis was approved by the Institutional Review Board of Dartmouth Medical
School.

RESULTS

Over the study interval, a total of 10,406 patients were identified who underwent CEA
(5264), LEB (2883), EVAR (1125), and o0AAA repair (1134). Preoperative antiplatelet agent
use among all patients varied with 19.3% (n = 2010) taking no antiplatelet agents, 68.5% (n
= 7132) taking aspirin (ASA) alone, 2.2% (n = 229) taking clopidogrel alone, and 9.7% (n =
1017) taking clopidogrel and ASA. Patients most likely to be on preoperative clopidogrel
(alone or as dual antiplatelet therapy) were those undergoing CEA, while this was least
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likely in the oAAA group (CEA 16.1%, LEB 9.0%, EVAR 6.5%, 0AAA 5%) (Fig 1).
Indications for clopidogrel use were unknown. Demographic details and comorbidities of all
patients stratified by antiplatelet regimen are depicted in the Table.

Reoperation for bleeding was not significantly different among patients based on antiplatelet
regimen (none 1.5%, ASA 1.3%, clopidogrel 0.9%, ASA/clopidogrel 1.5%, P=.74). When
analyzed by operation type, no difference in reoperation for bleeding was seen across each
respective antiplatelet regimen (Figs 2-5).

There was also no difference in the incidence of transfusion among antiplatelet treatment
groups (none 18%, ASA 17%, clopidogrel 0%, ASA/clopidogrel 24%, P=.1). This finding
was also observed when patients were stratified by operation for each antiplatelet regimen
(LEB: none 18.8%, ASA 17.3%, clopidogrel 0%, ASA/clopidogrel 25.3%, P= .12, EVAR:
none 9.6%, ASA 9.6%, clopidogrel 0%, ASA/clopidogrel 16%, P= .66, 0oAAA: none
37.8%, ASA 27.9%, clopidogrel 0%, ASA/clopidogrel 42.8%, P= .37).

Among patients who did require transfusion, there was no significant difference in the mean
number of units of packed red blood cells required among the total study cohort (hone 0.7
units, ASA 0.5 units, clopidogrel 0 units, ASA/clopidogrel 0.6 units, A= .1). When further
analyzed by operation type, there was no statistical difference in the mean number of units
required among antiplatelet regimens for each operation type (LEB: none 0.6 units, ASA 0.5
units, clopidogrel 0 units, ASA/clopidogrel 0.6 units, #= .14, EVAR: none 0.3 units, ASA
0.2 units, clopidogrel 0 units, ASA/clopidogrel 0.2 units, P=.7, 0AAA: none 1.4 units, ASA
0.8 units, clopidogrel NA, ASA/clopidogrel 2.0 units, A= .18).

Estimated blood loss was recorded for patients undergoing EVAR and 0AAA repair, and this
showed no significant differences among antiplatelet treatment regimens for these procedure
types (EVAR: none 317 mL, ASA 322 mL, clopidogrel 585 mL, ASA/clopidogrel 282 mL,
P=.66; 0AAA: none 1394 mL, ASA 1456 mL, clopidogrel 1955 mL, ASA/clopidogrel
1817 mL, P=.62.

DISCUSSION

This multi-institutional regional registry provides evidence that preoperative clopidogrel,
when taken alone or as part of dual antiplatelet therapy, is not associated with increased
serious bleeding complications in a diverse group of peripheral vascular operations. These
findings have significant implications for contemporary practice because surgeons are now
confronted with a growing percentage of patients with extensive comorbidities such as
symptomatic carotid occlusive disease and coronary disease treated with drug-eluting stents,
who have an appropriate indication for clopidogrel therapy.1:13.14

Based often on anecdotal experience, some surgeons favor preoperative clopidogrel
cessation, perceiving an increased risk of bleeding complications, while others continue
clopidogrel to avoid perioperative thrombotic complications, and this may vary by the type
of planned operation. A recent survey of 650 European vascular surgeons by Hamish et al
depicts this variation in clinical practice among patients undergoing CEA.11 Specifically, the
authors report 43% and 55% of surgeons, respectively, would stop clopidogrel among
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symptomatic and asymptomatic patients undergoing CEA. Moreover, 49% and 57% of
surveyed surgeons would favor clopidogrel cessation more than 7 days prior to CEA, for
both symptomatic and asymptomatic patients.1! This demonstrates a clear lack of consensus
among practicing surgeons regarding optimal perioperative clopidogrel management even
for patients with a strong indication, such as those with symptomatic carotid disease
undergoing CEA. Presumably for operations with larger potential blood loss, such as 0AAA
repair or LEB, the percentage of surgeons who would stop clopidogrel treatment would be
even higher.

In addition, the recent Clopidogrel and Acetylsalicylic Acid in Bypass Surgery for
Peripheral Arterial Disease (CASPAR) trial, demonstrated that patients undergoing below-
knee bypass showed no significant difference in severe bleeding complications between
clopidogrel vs placebo-treated groups.1® Interestingly, however, clopidogrel therapy was
initiated following a postoperative lag period of 2 days to permit “complete” hemostasis,
again, presumably reflecting a perceived increased risk of bleeding associated with
preoperative clopidogrel use. It should be highlighted that the number of severe bleeding
events were small in this trial, (n = 9/426 [2.1%] clopidogrel vs n = 5/422 [1.2%] placebo, P
= NS) potentially limiting definitive conclusions. Severe bleeding was defined as per the
Global Utilization of Streptokinase and Tissue Plasminogen Activator for Occluded
Coronary Arteries (GUSTO) classification, which included intracranial hemorrhage, and
hemodynamic compromise.8 In contrast, both mild (no transfusion) (n = 46/426 [10.8%]
clopidogrel vs n = 21/422 [5.0%] placebo, £=.002) and moderate bleeding complications
(transfusion but no hemodynamic compromise) (n = 16/426 [3.8%] clopidogrel vs n = 4/422
[0.9%] placebo, £=.007) were observed more commonly in the clopidogrel-treated cohort
compared with placebo, still leaving some degree of ambiguity pertaining to this important
question.1®

Studies of bleeding complications with clopidogrel at the time of surgery have largely been
single-center retrospective analyses with relatively small sample size focusing on coronary
artery bypass grafting (CABG) rather than peripheral vascular surgery.#>17 In this regard,
these studies may be underpowered to detect a relatively low frequency complication, and
accordingly, remain limited in their ability to reach definitive conclusions.

Some opinion favoring preoperative clopidogrel cessation in vascular surgery appears to be
extrapolated from studies documenting the impact of clopidogrel therapy at the time of
CABG. Indeed, Filsoufi et al reported both increased transfusion requirements and all-cause
mortality among 72 clopidogrel-treated patients undergoing CABG.® In concordance with
these findings, Chu et al demonstrated chest tube blood loss was significantly greater in 312
clopidogrel-treated patients undergoing urgent or emergent CABG. Moreover, mean total
blood product transfusions were also significantly higher among clopidogrel-treated patients,
as was the incidence of reoperation for bleeding.# In contrast, Karabulut et al found no
significant differences in the incidence of reoperation for bleeding, blood product
transfusion, chest tube output, or intensive care length of stay among 1628 patients
undergoing CABG.17 Despite this larger overall sample size, only 48 patients constituted the
treatment group on clopidogrel, which may have impacted their conclusions.
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Although there have been few studies of bleeding complications associated with clopidogrel
use in peripheral arterial surgery, Fleming et al reported that clopidogrel-treated patients
could safely undergo CEA with no significant difference in hematoma formation or blood
loss between treated and untreated patients. However, the authors’ conclusions reflect a
sample size of 100 patients, in whom only 19 had received preoperative clopidogrel
treatment.!

Our study, by comparison, demonstrates that preoperative clopidogrel therapy is not
associated with increased bleeding complications measured by reoperation for bleeding and
blood transfusion across a diverse spectrum of vascular surgical operations, including CEA,
for which it is most robustly powered, LEB, EVAR, and open aneurysm repair (0AAA).
Moreover, we demonstrate that among patients who do require blood transfusion, there was
no difference in transfusion volume. These findings suggest that surgeons can achieve
sufficient hemostasis in clopidogrel-treated patients during CEA, LEB, EVAR, and 0AAA.
Moreover, these data would support the conclusion that clopidogrel cessation prior to
surgery is unnecessary when managing patients with important indications for clopidogrel
use such as symptomatic carotid occlusive disease or a previously placed drug-eluting
coronary stent.

This observational study has several intrinsic limitations. First, it is not a randomized
comparison of clopidogrel-treated vs untreated patients. Patients were treated and managed
at the discretion of the operating surgeon. In this regard, we are unable to comment on the
number of patients who may have had prior clopidogrel withheld prior to surgery. It is also
possible that a subset of patients had their antiplatelet medication discontinued within the
half-life of the medication, yet >48 hours prior to surgery leading to unaccounted-for
persistent platelet dysfunction. However, one can speculate that those surgeons, who would
favor discontinuation of perioperative clopidogrel prior to surgery, would do so with an
adequate window to minimize this effect. Finally, although concomitant use of perioperative
anticoagulation use among patients undergoing these types of operations is not common, this
is not captured in the VSGNE registry, which could impact the primary endpoint. Despite
not being a randomized trial, this study is more robustly powered to detect differences in
low-frequency complications in a “real world” clinical experience reflecting both
community and academic surgeons.

A second limitation is that the percentage of patients taking clopidogrel either alone or in
combination therapy was low, especially in the bypass, EVAR, and 0AAA groups. While
this may limit our ability to reach definitive conclusions, it still represents more than a
fourfold larger experience of perioperative clopidogrel use than previously reported. It
should also be noted that the VSGNE registry does not record hematoma formation or
surgical drain use, which may have disclosed differences in outcomes. Finally, only 4.7% (n
= 54) of patients undergoing 0AAA received preoperative clopidogrel treatment at the time
of surgery. Consequently, we do not believe that conclusions regarding clopidogrel use at the
time of 0AAA should be drawn based on our experience. Accordingly, based on sample size,
results reported herein are more robust for CEA, LEB, and EVAR, and least for )oAAA
repair, given the potential for type 11 error in the latter group.
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CONCLUSIONS

Based on our analysis of more than 10,000 patients undergoing a spectrum of major
peripheral arterial operations, clopidogrel, either alone or as part of a dual antiplatelet
regimen, does not appear to be associated with serious adverse bleeding complications,
measured by reoperation for bleeding or incidence of blood transfusion. Moreover, there was
no difference in transfusion volume among those patients who did require transfusion. These
data suggest that clopidogrel can be safely continued preoperatively in patients with
important indications for its use, such as symptomatic carotid disease or recent drug-eluting
cardiac stents.
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Preoperative Antiplatelet Use By Operation
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Fig 1.

Ar?tiplatelet use among patients undergoing carotid endarterectomy (CEA), lower extremity
bypass (LEB), endovascular abdominal aortic aneurysm repair (EVAR), and open AAA
repair (0AAA). As depicted, clopidogrel use, either alone or as part of dual antiplatelet
therapy was most common among patients undergoing CEA and least for cAAA.
Transfusion data were not recorded for patients undergoing CEA given its clinical infrequent
incidence.
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Fig 2.

Reoperation for bleeding among patients undergoing carotid endarterectomy (CEA),
stratified by antiplatelet medication.
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Fig 3.

Reoperation for bleeding among patients undergoing carotid endarterectomy (LEB),
stratified by antiplatelet medication.
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Reoperation for bleeding among patients undergoing endovascular abdominal aortic
aneurysm repair (EVAR), stratified by antiplatelet medication.
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Fig 5.

Reoperation for bleeding among patients undergoing open abdominal aortic aneurysm repair
(0AAA), stratified by antiplatelet medication.
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