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Background: A retrospective analysis of neck hematoma, stroke, and mortality after symptomatic and asymptomatic carotid endarterectomy (CEA) was conducted, to determine the most
appropriate perioperative medication for these patients. Thirty-day outcomes of moderate and
severe neck bleeding were also investigated.
Methods: Patients undergoing CEA in a Vascular Surgery department were analyzed (2015e
2019). Preprocedure antithrombotic medication (from the 5 days prior to surgery) was identified.
End point predictors were identified by univariate and multivariable analyses and adjusted for
confounders.
Results: A total of 304 CEA were included. Almost half of the included patients (49.67%) were
under low-dose aspirin, 17.55% other single antiplatelet agent, 12.59% dual antiplatelet therapy,
8.61% anticoagulation, and 10.92% no antithrombotic therapy. There was a 8.22% rate of important hematoma, including 4.93% severe (requiring surgical exploration) hematomas and a 30day all-stroke incidence of 2.94% in symptomatic and 1.79% asymptomatic patients
(P ¼ 0.51). When compared to aspirin, severe hematoma was more prevalent with single clopidogrel or triflusal (relative risk [RR] 4.25, P ¼ 0.11), dual antiplatelet group (RR 11.84,
P ¼ 0.002), and anticoagulation (RR 8.604, P ¼ 0.02). Dual antiaggregation and anticoagulation
did not confer postoperative stroke protection compared to single aspirin in either symptomatic
or asymptomatic patients. Nonsignificant higher intrahospital mortality was noted in no medication, dual antiplatelet, and anticoagulation groups in contrast to aspirin. Severe neck bleeding
was associated with increased congestive heart failure (9.26-fold, P ¼ 0.03) and longer hospital
stay (11.20 ± 24.69 days vs. 3.18 ± 4.79 with no bleeding, P < 0.001), with a tendency for higher
hospital readmission at 30 days (4.66-fold, P ¼ 0.13). Mortality and stroke rates were similar.
Conclusions: Double antiaggregation and anticoagulation did not confer better perioperative
outcomes after elective CEA in our study. These regimens were associated with an increased
risk of neck hematoma, especially severe bleeding, with similar rates of neurologic events in
both symptomatic and asymptomatic patients and no mortality benefit. Monotherapy with aspirin
appears to be the safest perioperative antithrombotic regimen for elective CEA.
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INTRODUCTION
Carotid endarterectomy (CEA) is considered the
standard treatment for > 50% symptomatic carotid
stenosis and for selective cases of > 70% asymptomatic carotid stenosis.1 Although postoperative stroke
and death represent the most devastating complications following CEA, the most frequent complication is neck hematoma, with a described incidence
up to 15.8%.2e6 Beyond patient concern and the
possibility of hospitalization prolongation with
inherent associated financial costs, emergent surgical exploration may be needed in severe neck hematoma. In most serious cases it may compromise
airways and invasive ventilation or even tracheostomy might be needed.
It is recommended that patients undergoing CEA
should receive antiplatelet medication in the perioperative and in the long-term period as a secondary
prevention of arteriosclerotic arterial disease.1,7
Research as shown that antiplatelet therapy reduces
any stroke after CEA but may increase hemorrhagic
complications.8 It is also mentioned that early introduction of double antiplatelet therapy with aspirin
and clopidogrel after minor stroke may be considered for early secondary stroke prevention.1,9 This
suggestion is based on a study in which double antiaggregation during 21 days initiated early (< 24 hr)
after minor stroke or transient ischemic attack (TIA)
significantly reduced new strokes or TIAs.10 Other
investigations in mostly symptomatic carotid stenosis revealed a reduction in microembolization after
2e7 days of double antiaggregation.11e13 Another
study failed to show statistically significant stroke
reduction with aspirin plus clopidogrel during
90 days versus single antiplatelet therapy when
introduced within 24 hr of symptom onset.14 Even
in asymptomatic patients with indication for CEA,
there is a considerable possibility of chronic antithrombotic medication with antiplatelet agents for
secondary prevention of peripheral or coronary artery disease or anticoagulants for cardiac
arrhythmia, mechanical cardiac prosthetic valves,
or previous thromboembolism, among others.
There is currently no consensus regarding
optimal antithrombotic medication in the preoperative period of CEA. There are noteworthy variations
in the preoperative medication prescription among
vascular surgeons in both symptomatic and asymptomatic carotid stenosis.15 Therefore, doubt persists
regarding potential benefits of maintaining double
antiplatelet therapy or anticoagulation in the days
preceding surgery considering the potential
bleeding risk.
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We conducted a retrospective study analysing
perioperative outcomes after symptomatic and
asymptomatic patients submitted to CEA under
several regimens of chronic preoperative single antiplatelet therapy, dual antiplatelet therapy, and anticoagulation, to determine the most appropriate
perioperative medication for these patients. Main
assessed complications were moderate neck hematoma and neck bleeding requiring surgical exploration, all-cause stroke, intrahospital death, and
stroke plus mortality. Other addressed results were
30-day mortality, myocardial infarction (MI) and
congestive heart failure, pneumonia, duration of
surgery, duration of hospitalization, and all-cause
30-day hospital readmission. As secondary goals,
we evaluated the abovementioned outcomes in patients with moderate and severe neck hematoma
and appraised other potential risk factors for neck
bleeding.

MATERIALS AND METHODS
Subjects and Database
We retrospectively identified all patients submitted
to CEA in the department of Angiology and Vascular
Surgery in our institution (Centro Hospitalar e Universitario de Coimbra, a central referral hospital for
vascular surgery in Portugal) from a 5-year period,
2015e2019. The investigation was approved by
local institutional medical ethical committee. Only
patients aged  18 years and submitted to elective
surgery where included. Patients operated under
singular conditions such as restenosis, carotid
dissection, carotid aneurysm, and simultaneous cardiac surgery were excluded.
Variable Definitions and Outcomes
Multiple demographic, clinical, and surgical variables were collected (Table I). Of the 310 CEAs
with the inclusion criteria, information was available from 304 surgeries.
Symptomatic carotid stenosis was considered in
the presence of a neurologic event in the last
180 days related to a carotid stenosis > 50%. Degree
of carotid stenosis was defined as per the North
Symptomatic
Carotid Endarterectomy Trial
criteria.16 General or locoregional anesthesia was
dependent on anesthetist and surgeon preference.
CEA was performed under continuous electroencephalography monitoring. There was a preference
in the department for not using carotid shunt and
for eversion or partial eversion technique using a
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longitudinal incision over carotid bulb with plaque
eversion. Patching was used only if extensive plaque
through internal carotid artery. Intraoperative
unfractionated heparin (UFH) was used in all surgeries before arterial clamping, UFH doses (40e
100 UI/Kg) and protamine use was as per surgeon
preference. Activated clotting time was not calculated routinely. Drain was used in the totality of surgeries. All patients stayed in the postanesthesia care
unit for at least 6 hr and were posteriorly transferred
to a surgical ward.
Preprocedure antiplatelet and anticoagulant regimens were assessed individually and also categorized into 5 groups to facilitate comparability: no
antiplatelet therapy, monotherapy with aspirin or
acetylsalicylic acid (ASA), monotherapy with
another antiplatelet agent other than ASA, dual antiplatelet therapy, and anticoagulation (with or
without single antiaggregant). Antiplatelet and anticoagulant medication was considered during the
5 days previous to surgery. Chronic medication
not taken in that period was considered as ‘‘no
medication’’. Only antiplatelet therapy taken for
more than 5 consecutive days or with loading dose
during that preoperative period was considered.
Preoperative antiaggregants were omitted in the
day of surgery and resumed the following day. Hospitalized anticoagulated patients were medicated
with enoxaparin 1 mg/Kg 12 hr before surgery and
in the evening after the procedure.
Moderate and severe neck hematoma, all-stroke,
intrahospital mortality, and composite outcome 30day all-stroke/mortality/MI/neck hematoma were
defined as primary outcomes. Evaluated secondary
outcomes were MI, congestive heart failure, pneumonia, duration of surgery, prolongation of hospitalization, and hospital readmission at 30 days.
It was defined as moderate neck hematoma any
postoperative neck bleeding with need for prolongation of hospitalization time for vigilance and severe
neck hematoma, any hematoma with surgical
exploration, and drainage due to rapid expansion,
dysphagia, or airways compression. Minor stroke
was defined as 0e2 modified Rankin scale points
and a major stroke as 3e5 points (disabling stroke).
MI was defined by troponin level.
Statistical Analysis
Variables were compared between the different
groups of antiplatelet and anticoagulant therapy using t-test for continuous variables and chi-squared
or Fisher’s exact test for categorical variables. Outcomes were also compared using chi-squared test
and adjusted for potential confounders. ASA was

Antithrombotic medication prior to CEA 201

used as control group for the antiplatelet and anticoagulant regimens and absence of important (moderate and severe) neck hematoma as reference for the
outcomes related to this complication. Logistic
regression was used to identify predictors of neck
hematoma and to adjust for confounder variables.
Multiple regression was used to predict value of variables if P value < 0.2.
Significant value was set at P value < 0.05. Statistical analyses were performed using SPSS version
25.0 statistical software package.

RESULTS
Antithrombotic Medication and Surgical
Data
A total of 304 CEAs were included in the study, corresponding to 298 patients. Of those surgeries,
62.96% were considered symptomatic carotid stenosis. Characteristics of study participants, surgical
information, and preoperative antithrombotic
medication are detailed in Table I. The most used
regimen was low-dose ASA in almost half of the
included patients (49.67%). A total of 10.92% of
the patients stopped antithrombotic chronic therapy
in the 5 days before surgery, as per surgeon preference. This conduct was more frequent in the first
years of the enrollment. ASA was started the day
following surgery in this group. Low-molecularweight heparin (LMWH) was used as a switch
from chronic therapeutic oral anticoagulation:
warfarin in 7 patients and novel oral anticoagulants
in the remaining 72.08% (19 cases). All patients under warfarin had International Normalized
Ratio < 1.5 in preoperative analysis. Reasons for
chronic double antiaggregation or anticoagulation
in our study are described in Table II. Merely
18.42% of the patients were under dual antiplatelet
therapy due to coronary artery disease and 30.00%
for neurologic event in the past 1 month.
Eversion or partial eversion technique was used
in the majority of the cases (97.37%). Average
clamping time was 13.57 ± 6.06 min (minimum
4.50, maximum 41.00 min). Therapeutic dose of
UFH was used in 15.14% (43 endarterectomies)
and subtherapeutic (40 to 80 UI/Kg) in the other
84.86%. Heparin reversal with protamine was
used in only 16.45% of the surgeries. Demographic
data, comorbidities, and surgical variables detailed
in Table I were similar between the 5 different previously defined antithrombotic groups, except for
coronary artery disease (higher rates in patients under dual antiplatelet therapy, P < 0.001) and
congestive heart failure (higher rates in patients
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Table I. Characteristics of study participants, perioperative medication, and surgical data
Characteristics (n ¼ 304)

Frequency % (n)

Age (years; average ± SD, range)
Male gender
Comorbidities
Previous stroke/TIA/amaurosis fugax
Stroke/TIA/amaurosis fugax < 6 months (n ¼ 216)
Stroke/TIA/amaurosis fugax < 1 month (n ¼ 216)
Stroke/TIA/amaurosis fugax < 15 days (n ¼ 216)
Hypertension
Diabetes
Obesity
Smoking
CKD
COPD
Coronary disease
Congestive heart failure
Neoplasia
Contralateral carotid stenosis
Contralateral occlusion (n ¼ 89)
Contralateral stenosis > 70% (n ¼ 89)
Contralateral stenosis 50%e70% (n ¼ 89)
Perioperative antiplatelet/anticoagulant therapy (n ¼ 302)
Single antiplatelet therapy
ASA 100e150 mg
Clopidogrel 75 mg
Triflusal 300 mg BID
Othera
Dual antiplatelet therapy
ASA 100e150 mg + clopidogrel 75 mg
ASA 100e150 mg + triflusal 300 mg BID
ASA 100e150 mg + pentoxifylline 400 mg TID
ASA 100e150 mg + ticagrelor 90 mg BID
Anticoagulation
Therapeutic LMWHb
Anticoagulation + antiplatelet therapy
ASA 100e150 mg + therapeutic LMWHb
No medication
Surgical procedure
Eversion/partial eversion
Patch
General anesthesia
Duration of surgery (min; average ± SD)
Protamine use (mg; average ± SD) (n ¼ 284)
UFH use (IU; average ± SD) (n ¼ 284)
Sustained postoperative hypertensionc (systolic pressure
in mm Hg; average ± SD) (n ¼ 303)
Discharge after surgery (days; average ± SD, range)

70.63 ± 8.05 (47e88)
83.55% (254)
71.05%
62.96%
28.70%
9.26%
92.43%
39.80%
12.83%
13.49%
9.21%
9.54%
22.37%
13.16%
5.59%
29.28%
14.61%
15.73%
69.66%

(216)
(136)
(62)
(20)
(281)
(121)
(39)
(41)
(28)
(29)
(68)
(40)
(17)
(89)
(13)
(14)
(62)

67.22%
49.67%
7.95%
8.28%
1.32%
12.59%
8.61%
1.32%
1.99%
0.66%

(203)
(150)
(24)
(25)
(4)
(38)
(26)
(4)
(6)
(2)

8.61% (26)
0.66% (2)
10.92% (33)
97.37% (296)
2.63% (8)
97.70% (297)
55.21 ± 18.48
16.45% (50), 13.22 ± 4.77
100.00% (284), 2,886 ± 940
48.84% (148), 157.38 ± 22.41
3.59 ± 7.28 (2e100)

SD, standard deviation; TIA, transient ischemic attack; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease;
ASA, acetylsalicylic acid; BID, twice a day; TID, 3 times a day; LMWH, low-molecular-weight heparin; UFH, unfractionated heparin.
a
ticlopidine 250 mg twice a day or pentoxifylline 400 mg 3 times a day.
b
tinzapari 175IU/Kg daily or enoxaparin 1 mg/Kg 12/12h or enoxaparin 1 mg/Kg daily if CrCl < 30 mL/min.
c
considered if systolic blood pressure  160 mm Hg for  15 min during the first 6 hr in postanesthesia care unit.

under anticoagulation, P ¼ 0.002). There was no association between antithrombotic perioperative
regimen and UFH intraoperative dose (P ¼ 0.46)
or use of protamine (P ¼ 0.75).

Neck Hematoma
There was 8.22% moderate/severe hematoma (25
cases), including 4.93% of severe (requiring surgical
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Table II. Causes for perioperative dual
antiplatelet medication and anticoagulation in
study participants
Causes for perioperative medication

Dual antiplatelet therapy (n ¼ 38)
Coronary disease
Previous stroke/TIA
Stroke/TIA < 6 months (n ¼ 30)
Stroke/TIA < 1 month (n ¼ 30)
Stroke/TIA < 15 days (n ¼ 30)
Unknown
Anticoagulation (n ¼ 28)
Atrial fibrillation
Cardiac valve surgery
Deep vein thrombosis
Central retinal artery occlusion
Unknown

Frequency % (n)

18.42%
78.95%
63.33%
30.00%
10.00%
2.63%

(7)
(30)
(19)
(9)
(3)
(1)

71.43%
7.14%
3.57%
7.14%
10.71%

(20)
(2)
(1)
(2)
(3)

TIA, transient ischemic attack.

exploration) hematomas (15 cases) in our study
population. Arterial bleeding was present in 3 cases
and capillary oozing in 12 cases.
Predictors of moderate and severe neck hematoma are described in Table III. After multiple
regression for factors with P value < 0.20, only perioperative dual antiplatelet therapy (odds ratio [OR]
5.22, confidence interval [CI] 1.95e11.86,
P < 0.001) and sustained postoperative hypertension during postanesthesia care unit (OR 1.52, CI
0.65e3.51, P ¼ 0.058) retained significant statistical
value. Although there was a higher value of important neck hematoma without intraoperative protamine use, this value did not reach statistical
significance in our investigation (1.80% and
6.12% hematoma rate with and without protamine
use, respectively, P ¼ 0.49). Use of protamine was
not associated with postoperative neurologic events
or MI (P ¼ 0.85).
Primary and secondary outcomes after CEA are
detailed in Figure 1 (by group of antithrombotic
therapy) and in Table IV (by individual regimen),
respectively. There was a higher percentage of
important neck hematoma in patients under dual
antiaggregation, especially aspirin plus clopidogrel
(relative risk [RR] 4.94 times, P ¼ 0.001) and aspirin
plus ticagrelor (RR 21.41, P < 0.001), and anticoagulation (2.47 times, P ¼ 0.16) compared to only
aspirin. This difference was more accentuated
when comparing severe reoperated hematoma rates
(RR 14.46, P < 0.001 in aspirin plus clopidogrel, RR
37.59, P < 0.001 in aspirin plus ticagrelor, RR 8.68,
P ¼ 0.004 LMWH). Single clopidogrel and triflusal
perioperative use also had highest tendency for

neck hematoma when compared to aspirin group
(RR 3.14, P ¼ 0.32 and RR 6.02, P ¼ 0.004, for severe
hematoma in clopidogrel and triflusal group,
respectively).
Outcomes in patients with moderate/severe neck
bleeding are described in Figure 2. Three of the 15
patients with reoperated heck hematoma were
admitted in intensive care unit due to impaired
ventilation and 2 patients developed neck wound
infection. Despite there is a trend for worse 30-day
outcomes and higher hospital readmission rates, hematoma was not statistically significantly associated
with worse primary outcomes mortality (6.67% vs.
1.43%, P ¼ 0.13, intrahospital death in patients with
reoperated and no neck hematoma, respectively)
and stroke in our study (no stroke in patients with
neck bleeding vs. 1.08% major stroke and 2.51%
all stroke, P ¼ 0.54, in no hematoma). Cardiac complications (6.67% vs. 0.72%, P ¼ 0.03, postoperative
congestive heart failure) and duration of hospitalization (11.20 ± 24.69 days vs. 3.18 ± 4.79 days,
P < 0.001) where significantly greater in patients
with severe hematoma compared to no hematoma.
Perioperative Stroke
There was a 0.99% major 30-day stroke rate (3
cases) and 1.31% minor 30-day stroke rate (4 cases)
in our study. Of the described events, 2 were hemorrhagic strokes (1 major event in a patient under double antiaggregation a few hours after surgery and 1
minor event in a patient under aspirin 5 days after
hospital discharge due to a hypertensive crisis).
More postoperative strokes were identified in
symptomatic patients (2.94% vs. 1.79% in symptomatic and asymptomatic patients, respectively,
P ¼ 0.51; 3.23% vs. 2.07% in patients with and
without stroke in the previous 1 month, respectively, P ¼ 0.59). Figure 1 shows stroke rates in
both symptomatic and asymptomatic patients as
per group of antithrombotic therapy. Although it
did not reach statistical relevance, there was a
leaning to stroke protection in asymptomatic patients (but not symptomatic ones) under single or
dual antiplatelet therapy or anticoagulation
compared to no preoperative antithrombotic
therapy.
Other Outcomes
Intrahospital, all-cause 30-day mortality and secondary outcomes in cohorts with different antiplatelet and anticoagulation therapies are detailed
in Table IV. Higher mortality was noted in patients
with no medication, dual antiaggregation with
aspirin plus clopidogrel, and therapeutic LMWH

204 Cruz Silva et al.

Annals of Vascular Surgery

Table III. Predictors of neck hematomaelogistic regression
Characteristics

Nonmodifiable factors
Age
Male gender
Comorbidities
Stroke/TIA/amaurosis fugax < 6 months
Hypertension
Diabetes
Obesity
Smoking
CKD
COPD
Coronary disease
Congestive heart failure
Neoplasia
Modifiable factors
Use of patch
General anesthesia
Perioperative dual antiplatelet therapy
Perioperative anticoagulation
No protamine
Use of subtherapeutic UFH dose
Sustained postoperative hypertensiona

OR

CI 95%

P value

2.39

0.55e10.48

0.88
0.40

1.15
2.05
1.21
1.33
0.24
0.39
0.37
2.54
1.29
1.53

0.51e2.62
0.27e15.92
0.53e2.76
0.43e4.10
0.03e1.89
0.05e2.99
0.05e2.87
1.08e5.95
0.42e3.96
0.33e7.11

0.73
0.71
0.65
0.54
0.22
0.49
0.49
0.03
0.66
0.64

0.63
1.46
4.81
0.97
1.42
1.69
1.52

0.04e11.17
0.19e11.49
1.95e11.86
0.21e4.37
0.50e4.04
0.38e7.53
0.66e3.51

1.00
1.00
< 0.001
0.33
0.49
0.69
0.10

A P value < 0.05 was considered statistically significant.
OR, odds ratio; CI, confidence interval; TIA, transient ischemic attack; CKD, chronic kidney disease; COPD, chronic obstructive
pulmonary disease; UFH, unfractionated heparin.
a
Considered if systolic blood pressure  160 mm Hg for  15 min during the first 6 hr in postanesthesia care unit.

compared to aspirin (RR for intrahospital mortality
2.27 and P ¼ 0.49 with no medication, RR 2.89
and P ¼ 0.36 under aspirin plus clopidogrel and
also under LMWH). These rates retained no statistical value after adjustment for subpopulation disparities. Effect of LMWH in postoperative congestive
heart failure vanished after adjustment for subgroup
differences.
No relevant difference was noted in duration of
surgery, duration of hospitalization or postsurgery
acute MI, and pneumonia proportions among
different antithrombotic schemes.

DISCUSSION
We retrospectively analyzed perioperative outcomes after CEA under several regimens of antithrombotic therapy. We had 8.22% of important
cervical hematomas and 4.93% of severe hematomas in our study requiring surgical exploration.
Despite absence of defined criteria for neck hematoma which can challenge a comparison between
studies, these values are in line with published
data of 5.5e15.8% cervical hematoma and 2.3e
5.6% cervical bleeding with reoperation.3,4,6 The

relatively elevated reoperation values in our cohort
represent a defensive attitude.
Perioperative dual antiplatelet therapy was the
most relevant predictor of neck hematoma in our
study (OR 5.22, P < 0.001). When compared to
aspirin, both dual therapy (particularly aspirin plus
clopidogrel and aspirin plus ticagrelor) and anticoagulation had much higher bleeding rates, especially
severe hematomas (RR 5.07, P < 0.001 and RR 2.29,
P ¼ 0.20 for moderate/severe hematoma and RR
11.84, P ¼ 0.002 and RR 8.04, P ¼ 0.02 for severe
hematoma under double antiplatelet and anticoagulant medication, respectively). Other single antiplatelet therapies, namely clopidogrel and triflusal,
had higher severe hematoma rates when compared
to aspirin (group RR 4.25, P ¼ 0.11). A proportion of
1.7e9.4 times more cervical hematomas under
aspirin plus clopidogrel17e19 and 2.0e3.0 times under anticoagulation3,18 has been described in the
literature. Still, anticoagulation scheme is not
detailed in these publications. In similarity with
our findings, Oldag et al.4 described 4.3% hematoma requiring surgical evacuation in patients under simple clopidogrel versus 1.2% under aspirin.
An additional independent risk factor for neck
hematoma in our investigation was postoperative
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Fig. 1. Multivariable regression analysis evaluating the
impact of antiplatelet and anticoagulant therapy (grouped) on the risk of the following primary outcomes: any
stroke in symptomatic and asymptomatic population
(30 days), all-cause intrahospital death, any stroke or
death (30 days), severe neck hematoma with

reoperation, and total major complication including any
stroke, death, MI, and moderate/severe neck hematoma
(30 days). CEA, carotid endarterectomy; RR, relative
risk; CI, confidence interval; ASA, acetylsalicylic acid;
MI, myocardial infarction. A P value < 0.05 was considered statistically significant.

hypertension during postanesthesia care unit (OR
1.52, P ¼ 0.058). A few articles establish a relation
between postoperative hypertension and neck hematoma.2,3,5 Newman et al.20 showed that patients
with relevant postendarterectomy hypertension
had significantly higher preoperative systolic blood
pressure and pre-existing impaired baroreceptor
sensitivity. Illuminati et al.21 published their experience with 188 CEAs under aspirin plus clopidogrel

for recent coronary artery stenting, with no postoperative cervical hematoma requiring re-exploration,
proving that severe cervical bleeding might be
avoided under meticulous care and strict postoperative blood pressure control. They described a prolonged operation time (average 130 min in
comparison with 55 min in our population), greater
blood volume in suction drains, and longer postoperative hospitalization in aspirin plus clopidogrel

Antiplatelet/anticoagulant therapy (n ¼ 302), Frequency % (n)
Global
single
No medication
antiplatelet (n ¼ 33)

1.33% (2)

0.00%

0.00%

0.00%

0.40

2.67% (4)

0.00%

0.00%

0.00%

0.23

1.33% (2)
2.67% (4)

0.00%
4.17%
(1)
4.17%
(1)

0.00%
0.00%

0.00%
0.00%

0.40
0.75

0.00%

0.00%

0.75

8.00%
(2)
8.00%
(2)
0.00%

0.00%

0.79

0.00%

0.08

0.00%

0.44

0.67% (1)

8.33%
(2)
4.17%
(1)
4.17%
(1)
0.00%

0.00%

0.00%

0.55

2.00% (3)

0.00%

0.00%

0.00%

0.30

All-cause hospital 4.00% (6) 0.00%
readmission
3.40 ± 5.00 Postoperative
discharge
(days; average
± SD)
Duration of
55.13 ±
surgery (min;
17.11
average ± SD)

4.00%
(1)
-

0.00%

0.47

-

2.62 ±
1.23
0.26

30-day outcomes

Intrahospital
mortality
All-cause
mortality
Major stroke
Any stroke
Intra-hospital
mortality + any
stroke
Important neck
haematoma
Reoperated
haematoma
Myocardial
infarction
Congestive heart
failure
Pneumonia

2.67% (4)

4.67% (7)
1.33% (2)
0.67% (1)

-

-

59.11 ±
20.06
0.17

P value

3.03% (1),
0.49
3.03% (1),
0.91
0.00%, 0.51
3.03% (1),
0.91
6.06% (2),
0.32
3.03% (1),
0.68
3.03% (1),
0.49
0.00%,
0.64
0.00%,
0.64
3.03% (1),
0.71
3.03% (1),
0.79
3.48 ± 5.52

ASA + ASA +
triflusal pentox.
(n ¼ 4) (n ¼ 6)

ASA +
ticagrelor
(n ¼ 2)

55.09 ±
20.16

P-value

0.00%

7.69% (2) 0.00% 0.00%

0.00%

3.85% (1) 0.00% 0.00%
3.85% (1) 0.00% 0.00%

0.00%
0.00%

3.85%
(1)
0.42; 0.57* 3.85%
(1)
0.57
0.00%
0.99
0.00%

3.85% (1) 0.00% 0.00%

0.00%

0.99

0.57; 0.39*

0.00%

0.00% 0.00%

100.00% < 0.001
(2)
50.00% < 0.001
(1)
0.00%
0.61

0.00%

0.00% 0.00%

0.00%

0.00%

0.00% 16.67% 0.00%
(1)
0.00% 16.67% 0.00%
(1)
-

23.08% (6) 9.09% 0.00%
(1)
19.23% (5) 0.00% 0.00%

0.00%
-

ASA +
LMWH LMWH
(n ¼ 26) (n ¼ 2) P-value

3.85% (1) 0.00% 0.00%

0.94

0.99
A P value < 0.05 was considered statistically significant.
ASA, acetylsalicylic acid; SD, standard deviation.
*P value adjusted to subpopulation disparities.

ASA + clop.
(n ¼ 26)

Global
anticoag.

0.00% 0.40;
0.78*
0.00% 0.79;
0.98*
0.00% 0.54
0.00% 0.38

3.85% 0.00% 0.79
(1)
11.54% 0.00% 0.20
(3)
11.54% 0.00% 0.006
(3)
0.00% 0.00% 0.66

0.61

7.69%
(2)
0.81; 0.87* 3.85%
(1)
0.69
3.85%
(1)
5.50 ± 15.87 -

0.00% 0.02;
0.61*
0.00% 0.61;
0.30*
0.00% 0.91
-

4.04 ±
7.69
0.57

-

51.67 ±
17.97

0.17
-

-

-

-

53.71 ± 19.37 -

0.66

0.33
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Control
(n ¼ 150)

Other
single
Clop.
Triflusal antiplatelet
(n ¼ 24) (n ¼ 25) (n ¼ 4)
P value

ASA

Global
dual
antiplatelet
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Table IV. Outcomes as per perioperative antiplatelet and anticoagulant therapy
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Fig. 2. Evaluated 30-day outcomes of patients submitted
to carotid endarterectomy with important neck hematoma (moderate hematoma and reoperated patients due
to neck hematoma, n ¼ 25) and with reoperated neck hematoma (n ¼ 15) comparing to patients without

important neck hematoma (n ¼ 279). Dichotomous variables are presented with percentage. Continuous variables are presented with average and 95% confidence
interval. A P value < 0.05 was considered statistically
significant.

group. Moreover, in our experience, moderate/severe cervical hematomas were 3.40 times more
when no intraoperative protamine was used
(P ¼ 0.49). Protamine was administrated in only
16.45% of the surgeries, which might have underestimated its effect. Several previous publications
proved its benefit with no increased risk for stroke
and MI.22e24 Saghir et al.25 also reported lower
bleeding when applying direct pressure to the cervical incision immediately after surgery.

In our analysis, reoperation group had increased
congestive heart failure (9.26-fold, P ¼ 0.03) and
longer hospital stay (11.20 ± 24.69 days vs.
3.18 ± 4.79, P < 0.001), with a tendency for higher
hospital readmission at 30 days (4.66-fold,
P ¼ 0.13), therefore accounting for higher morbidity
and financial costs. Mortality and stroke rates were
comparable to controls. Other series specify catastrophic consequences after reoperation, with 13e
30-fold increase in death, 7e9-fold increase in
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stroke and 4e8-fold increase in MI.18,23,24 Hemorrhage or hematoma has been independently associated with 30-day hospital readmission after CEA in
Braet et al.26 publication.
In our group we had a combined 30-day allstroke rate of 2.30% (0.33% hemorrhagic stroke)
and a combined all-stroke and death rate of
2.96%. Previous studies relate up to 5.5% postendarterectomy stroke incidence6 with intracranial
hemorrhage up to 0.8%27 and 1.8e7.0% combined
stroke and death.6,28,29 Although published articles
report diminished microembolization in symptomatic patients under double antiaggregation,11,12 no
specific antithrombotic group conferred significant
protection against postoperative stroke, and death
in both symptomatic and asymptomatic patients in
our investigation. All antithrombotic regimens
seemed to confer some degree of protection against
stroke in asymptomatic patients but not in symptomatic ones. This disparity might be explained by
a higher risk of neurologic complications in symptomatic patients in the postoperative period, which
cannot be reduced by perioperative dual antiplatelet
therapy or anticoagulation. Barkat et al.30 metaanalysis corroborates absence of variation in
stroke/death between single and dual antiplatelet
therapy in CEA. Zimmermann et al.28 had worse
combined stroke and death outcomes in patients
with no perioperative antiplatelet therapy in their
nationwide database.
Furthermore, a slight increase in mortality was
noted in dual antiplatelet and anticoagulant therapy
groups, which can be attributed to elevated cardiac
disease in these clusters. Our outcomes are supported by CHARISMA trial,31 in which asymptomatic patients under dual antiplatelet therapy had
increased bleeding and all-cause mortality.
Ultimately, it is essential to determine the most
appropriate perioperative medication when CEA.
As a take-home message, double antiaggregation
and anticoagulation did not confer better perioperative outcomes after elective CEA in our study.
Instead neck bleeding was considerably increased
in these groups (in particular aspirin plus clopidogrel and aspirin plus ticagrelor). Severe hematoma
resulted in increased morbidity.
Since most risk of recurrent stroke in carotid stenosis caused events are in the first days after symptoms, with prevalence up to 20.9% at 72 hr, 6.7e
16.6% at 7 days and 3.7e25.0% at 14 days,32,33
there is an increased awareness to perform early
CEA if indicated. However, several units have concerns completing preoperative studies and delayed
transfer to surgical centers. Increased awareness to
the importance of early carotid stenosis examination
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in patients admitted to stroke units and the presence
of detailed referral protocols to vascular surgery centers could help to accomplish timely CEA when indicated. As recommended by international practice
guidelines, precocious introduction of aspirin and
clopidogrel may be considered after stroke1,9 and
continued for up to 21 days.10 If surgery is scheduled
in that time or if recent coronary artery stent, we
suggest surgery under dual antiplatelet therapy
with meticulous hemostasis care, intraoperative
protamine use, and strict blood pressure control in
a dedicated unit.21 Antihypertensive medication
should be considered in the morning of the surgery
in hypertensive patients for better control.20 After
that period, we advise withholding the second antiplatelet agent preoperatively and maintain aspirin
monotherapy because it appears to be the safest
antithrombotic option for elective CEA. Riskbenefit of prophylactic LMWH should be weighed
in chronic anticoagulated patients.
Our study has several limitations. First, it is a
single-center retrospective study, which narrows
the number of included patients and can limit statistical value of some variables, especially in subgroups
under antithrombotic regimens with fewer patients.
Second, the effect of no antithrombotic therapy
could have been masked by the fact that most patients were under chronic single antiaggregation
(which was stopped days before hospitalization)
and due to early introduction of aspirin after surgery
in our investigation. Third, although its effect would
have been minimal, antiplatelet therapy resistance
was not accounted. Finally, only elective surgeries
were included and these conclusions cannot be
applied to emergent cases.
Despite these limitations, the fact that antithrombotic regimens are clearly specified and surgical
technique/perioperative care is standardized in our
study may be considered strength. Also, antithrombotic therapies were grouped in 5 regimens (no antiplatelet therapy, monotherapy with aspirin,
monotherapy with another antiplatelet agent, dual
antiplatelet therapy, and anticoagulation) to
improve comparability with other published material and increase statistical power. Main results are
significant and are in line with previous research.
However, further prospective multicenter investigations are needed to compare specific individual
antithrombotic regimens safety and eventual
benefits.
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