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BACKGROUND: Oral anticoagulant use is common among patients
undergoing pacemaker or defibrillator surgery. BRUISE CONTROL (Bridge
or Continue Coumadin for Device Surgery Randomized Controlled Trial;
NCT00800137) demonstrated that perioperative warfarin continuation
reduced clinically significant hematomas (CSH) by 80% compared
with heparin bridging (3.5% versus 16%). BRUISE-CONTROL-2
(NCT01675076) observed a similarly low risk of CSH when comparing
continued versus interrupted direct oral anticoagulant (2.1% in both
groups). Using patient level data from both trials, the current study aims
to: (1) evaluate the effect of concomitant antiplatelet therapy on CSH,
and (2) understand the relative risk of CSH in patients treated with direct
oral anticoagulant versus continued warfarin.
METHODS: We analyzed 1343 patients included in BRUISE-CONTROL-1
and BRUISE-CONTROL-2. The primary outcome for both trials was CSH.
There were 408 patients identified as having continued either a single or
dual antiplatelet agent at the time of device surgery.
RESULTS: Antiplatelet use (versus nonuse) was associated with CSH
in 9.8% versus 4.3% of patients (P<0.001), and remained a strong
independent predictor after multivariable adjustment (odds ratio, 1.965;
95% CI, 1.202–3.213; P=0.0071). In multivariable analysis, adjusting
for antiplatelet use, there was no significant difference in CSH observed
between direct oral anticoagulant use compared with continued warfarin
(odds ratio, 0.858; 95% CI, 0.375–1.963; P=0.717).
CONCLUSIONS: Concomitant antiplatelet therapy doubled the risk of
CSH during device surgery. No difference in CSH was found between
direct oral anticoagulant versus continued warfarin. In anticoagulated
patients undergoing elective or semi-urgent device surgery, the patient
specific benefit/risk of holding an antiplatelet should be carefully
considered.
CLINICAL TRIAL REGISTRATION: URL: https://www.clinicaltrials.gov.
Unique identifiers: NCT00800137, NCT01675076.
VISUAL OVERVIEW: A visual overview is available for this article.
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WHAT IS KNOWN?
• Oral anticoagulant use is common among patients
undergoing pacemaker or defibrillator surgery.
• Hematomas associated with pacemaker or defibrillator surgery are associated with an increased risk
of reoperation, hospitalization duration, and serious device infection.

WHAT THE STUDY ADDS?
• Concomitant antiplatelet use in anticoagulated
patients undergoing device surgery is associated
with a 2-fold increase in the risk of clinically significant hematoma.
• In patients undergoing elective or semi-urgent
device surgery, efforts should be made to hold the
antiplatelet if no absolute indication.
• Either strategy of direct oral anticoagulant (interrupted or continued) versus continued warfarin
during device surgery is acceptable in terms of
avoiding clinically significant hematomas.

H
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ighly varying incidences of device pocket hematomas have been observed in recent studies ranging from 1.2% when no anticoagulant is present, 2.3% to 6.5% on continued warfarin therapy, and
7% to 16% during heparin bridging.1–4 Hematomas associated with pacemaker or defibrillator surgery are not
benign; they are associated with an increase in the risk
of reoperation, increased hospitalization duration,5 and
can extend the duration off anticoagulation.6,7 However, most important is their association with serious
device infection.8–14 A clinically significant hematoma
(CSH), defined as a hematoma that required reoperation or resulted in prolongation of hospitalization or
required interruption of oral anticoagulation, was associated with an >7-fold increase in the subsequent risk
of serious device infection in BRUISE CONTROL (Bridge
or Continue Coumadin for Device Surgery Randomized
Controlled Trial; BC-1).8 If reintervention is required, the
chance of infection is increased more than 15-fold.9,10
Device hematomas are also associated with an increase
in mortality as observed in population-based studies.5
In an effort to prevent CSHs, carefully considered periprocedural use of oral anticoagulant and antiplatelet
management is of significant importance.15
The BC-1 trial demonstrated 80% fewer device
pocket hematomas when surgery was performed without interruption of warfarin, compared with warfarintreated patients who had their anticoagulation interrupted and received heparin bridging (3.5% versus
16%, respectively).1 BRUISE CONTROL-2 (BC-2)16 subsequently evaluated the use of direct oral anticoagulants
(DOACs) in patients with atrial fibrillation undergoing
device surgery. The trial was terminated early due to

futility, with no significant difference in CSH observed
between the continued DOAC arm (2.1%; 95% CI,
0.9%–4.3%) and the patients in the interrupted DOAC
arm (2.1%; 95% CI, 0.9%–4.3%; P=0.97).
In this current substudy, using patient-level data from
the BC-1 and BC-2 trials, we evaluated the effect of
concommitant antiplatelet use on CSH, and also sought
to understand the relative risk of wound hematoma in
patients treated with DOAC versus continued warfarin.

METHODS
Study Design
Details of BC-1 (URL: https://www.clinicaltrials.gov. Unique
identifier: NCT00800137) and BC-2 (URL: https://www.
clinicaltrials.gov. Unique identifier: NCT01675076) studies
have been previously described.1,16 This substudy included
all patients who were randomized in BC-1 and BC-2. Both
were multicenter single-blind randomized controlled trials.
Institutional Review Board approval was obtained, and subjects in BC-1 and BC-2 gave informed consent. The data
that support the findings of this study are available from the
corresponding author on reasonable request.

Patients
The study included 1343 patients: 681 patients from BC-1
and 662 patients from BC-2 (Figure 1). BC-1 enrolled
patients with an annual predicted risk of thromboembolism of 5% or more, who were taking warfarin and were
planned for elective cardiac implantable device surgery.
BC-2 enrolled patients with nonrheumatic atrial fibrillation
and CHA2DS2-VASc score ≥2, treated with a DOAC and
who were planned for elective cardiac implantable device
surgery.

Study Procedures
BC-1 randomly assigned patients to continued warfarin treatment versus interrupted warfarin with bridging heparin or
low molecular weight heparin. For patients in the continued
warfarin arm, the international normalized ratio on the day of
surgery was targeted to be 3.0 or lower, except for patients
with one or more mechanical valves, for whom an international normalized ratio of 3.5 or less was permitted. Patients
in the heparin bridging group discontinued warfarin 5 days
before the procedure and started receiving full therapeutic
doses of low molecular weight heparin or intravenous heparin 3 days before the procedure. The last dose of low molecular weight heparin was given the morning of the day before
the procedure, and intravenous heparin was stopped at least
4 hours before surgery. Both were restarted 24 hours post
procedure. Clopidogrel was stopped for 5 days before surgery
in patients who had undergone implantation of a bare-metal
stent more than 1 year previously. Clopidogrel was continued
in patients with more recently implanted bare-metal stents
and in patients with drug-eluting stents. The timing of reinitiation of clopidogrel therapy after device surgery was at the
physician's discretion. Patients who were on aspirin continued
without interruption.
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Figure 1. Flowchart of study patients included
in the BRUISE CONTROL (Bridge or Continue
Coumadin for Device Surgery Randomized
Controlled Trial; BC) combined analysis based
on presence or absence of single or dual antiplatelet medication. DOAC indicates direct oral
anticoagulant.

BC-2 randomized patients to continued versus interrupted
oral DOAC. In the continued arm, all patients continued their
DOAC throughout the surgical period, and took their morning dose before surgery. In the interrupted arm, patients on
rivaroxaban or apixaban discontinued drug after taking their
last dose 2 days before surgery. Patients on dabigatran discontinued the drug at a time interval dependent on their glomerular filtration rate. All 3 drugs were resumed at the next
regular dose timing ≥24 hours after end of surgery. Aspirin
was continued in all patients with an indication for concomitant aspirin and DOAC therapy; other antiplatelet drugs were
managed at the physician's discretion.

Outcome Measures
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The primary outcome in BC-1 and BC-2 was CSH defined as a
hematoma that required reoperation or resulted in prolongation of hospitalization or required interruption of oral anticoagulation. In both studies, 2 patient-care teams were identified
at each center. One team had knowledge of the treatment
assignment and was responsible for device implantation but
was not involved in the follow-up evaluation or management
of a CSH. The second team, which had no knowledge of the
treatment assignment, was responsible for monitoring the
wound during the initial hospitalization, at 1 to 2 weeks of follow-up, during any subsequent visits, and for diagnosing and
making all decisions about the management of device pocket
hematomas. Patients with CSH were followed until resolution.

Statistical Analysis
Patients were stratified according to presence of an antiplatelet.
Patients who had clopidogrel withheld for >5 days and were not
on aspirin were not included in the antiplatelet group. Baseline
demographics and procedural characteristics were summarized
as means and SD and frequencies with percentage. The continuous variables were compared by t test or Wilcoxon rank-sum
test, and the categorical variables were compared by χ2or fisher
exact test. Primary and secondary outcomes were compared
between treatment arms using the χ2 test or fisher exact test.
All outcomes were analyzed by intention to treat and included
all randomized patients. A multivariable analysis for prespecified predictors of CSH was performed, and included BC-1/BC-2
study group, age, sex, de novo versus non-denovo surgery, body
mass index, presence of diabetes mellitus, hypertension, duration of surgery, and presence of any antiplatelet agent. Variables
with a P value of <0.05 were considered significant and retained

in the final model. Analyses were conducted using SAS software, version 9·4 (SAS Institute). A data and safety monitoring
board oversaw both BC-1 and BC-2 studies.

RESULTS
Of the 1343 patients included in the study (681 from
BC-1 and 662 from BC-2), 408 patients (30.4%) were
identified as being on at least one antiplatelet medication at the time of device surgery, and 935 patients were
not (69.6%; Table 1). Of the patients on antiplatelet
medication, 383/408 (93.9%) were on aspirin, 50/408
(12.3%) were on clopidogrel, and 25/408 (6.1%) were
on both. There was no other type of antiplatelet drug
used. Compared with patients without antiplatelet therapy, patients who were on an antiplatelet were younger
(70.9±10 years versus 73.5±9.4 years), more likely to be
male, have a diagnosis of cardiomyopathy, prior myocardial infarction, and be on a statin or a β-blocker (Table 1).
Operative details are presented in Table 2. Patients
on antiplatelet medication were less likely to have
device generator change only or de novo pacemaker
implantation, but more likely to have de novo implantable cardioverter-defibrillator implantation. The duration of the procedure was longer in patients on antiplatelet medication, median 50 minutes (interquartile
range, 30–80.5 minutes) compared with a median 41
minutes (interquartile range, 26–66 minutes) if no antiplatelet was present (P<0.001). Sandbag application
postoperatively was more likely to occur if the patient
was on an antiplatelet (9.3% versus 4.9%, P=0.003).

Outcomes
The primary outcome of CSH occurred in 40/408 (9.8%)
patients on an antiplatelet as compared to 40/935 (4.3%)
who were not on an antiplatelet (P<0.001; Table 3). This
was driven by significantly more hematomas requiring
reoperation (2% versus 0.6%) and hematomas requiring interruption of oral anticoagulation (OAC; 9.1%
versus 3.9%). In patients who were on dual antiplatelet
therapy (DAPT), development of a CSH occurred in 2/25
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Table 1.

Baseline Characteristics
No Antiplatelet
(N=935)

Age, y

Single/Dual Antiplatelet
(N=408)

P Value

73.5±9.4

70.9±10.0

<0.001

292 (31.2%)

77 (18.9%)

<0.001

28.4±5.7

28.9±5.7

0.061

Stroke

132 (14.1%)

61 (15.0%)

0.689

 Transient ischemic attack

113 (12.1%)

63 (15.4%)

0.094

25 (2.7%)

12 (2.9%)

0.783

 Hypertension

685 (73.3%)

293 (71.8%)

0.583

 Diabetes mellitus

320 (34.2%)

168 (41.2%)

0.015

 Cardiomyopathy

474 (50.7%)

292 (71.6%)

<0.001

 Prior myocardial infarction

257 (27.5%)

231 (56.6%)

<0.001

3.9±1.5

4.2±1.7

0.001

Female sex
Body mass index, kg/m *
2

Medical history

 Peripheral embolus

 CHA2DS2-VASc score
Anticoagulant
 Dabigatran 110 mg twice daily

94 (10.1%)

30 (7.4%)

 Dabigatran 150 mg twice daily

70 (7.5%)

10 (2.5%)

 Rivaroxaban 15 mg once daily

44 (4.7%)

11 (2.7%)

 Rivaroxaban 20 mg once daily

130 (13.9%)

27 (6.6%)

50 (5.4%)

11 (2.7%)

 Apixaban 5 mg twice daily

146 (15.6%)

39 (9.6%)

 Warfarin

401 (42.9%)

280 (68.6%)

<0.001

 Bridging heparin (during warfarin interruption)

204 (21.8%)

134 (32.8%)

<0.001

 Continued warfarin

197 (21.1%)

146 (35.8%)

<0.001

 Direct oral anticoagulant (continued or interrupted
without heparin bridging)

534 (57.1%)

128 (31.4%)

 Aspirin

Not applicable

383 (93.9%)

 Clopidogrel continued

Not applicable

50 (12.3%)

…

7 (0.8%)

3 (0.8%)

1.000

 Statin

620 (66.3%)

335 (82.1%)

<0.001

 β-Blocker

646 (69.1%)

331 (81.1%)

<0.001

 Apixaban 2·5 mg twice daily

<0.001

<0.001

<0.001

Perioperative management†
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<0.001

Other medications

 Clopidogrel stopped ≥5 days before surgery

…

Date are n (%), mean (SD) or n/N (%). BC indicates BRUISE CONTROL (Bridge or Continue Coumadin for Device Surgery Randomized
Controlled Trial).
*Variable only available for the BC-2 patients.
†Differing perioperative anticoagulation strategies according to BC-1 or BC-2.

(8%) as compared with 38/383 (9.9%) who were on a
single antiplatelet agent (P=1.000). For secondary outcomes, there were more non-CSHs (7% versus 2.3%,
P=0.010) and unscheduled outpatient visits for wound
assessment (15.4% versus 7.5%, P<0.001) if the patient
was on an antiplatelet at the time of device surgery.
In multivariable analysis adjusting for antiplatelet use,
there was no difference in CSH between interrupted
or continued DOAC versus continued warfarin (odds
ratio [OR], 0.858; 95% CI, 0.375–1.963; P=0.7174; Figure 2). Antiplatelet agent use in addition to continued or
interrupted OAC was a significant predictor of CSH (OR,

1.965; 95% CI, 1.202–3.213; P=0.0071). Other significant predictors of CSH development included a heparin
bridging strategy versus continued warfarin (OR, 6.32;
95% CI, 3.212–12.434; P<0.0001), and a longer procedure duration (OR, 1.005; 95% CI, 1–1.01; P=0.0418).
The presence of diabetes mellitus was protective against
CSH (OR, 0.554; 95% CI, 0.327–0.941; P=0.0288).

DISCUSSION
In this combined analysis of 2 large randomized
trials, BC-1 and BC-2, the presence of antiplatelet
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Table 2.

Cardiac Implantable Device Therapy Operative Details

Table 3. Primary and Secondary Outcomes

No
Antiplatelet
(N=912)

Single/Dual
Antiplatelet
(N=396)

P Value

New implant of a pacemaker

273 (29.9%)

68 (17.2%)

<0.001

Primary outcome

 Single

127 (13.9%)

29 (7.3%)

<0.001

 Dual

125 (13.7%)

38 (9.6%)

0.039

 Clinically significant
hematoma

21 (2.3%)

1 (0.3%)

0.008

180 (19.7%)

135 (34.1%)

<0.001

 Single

77 (8.4%)

65 (16.4%)

<0.001

 Dual

37 (4.1%)

24 (6.1%)

0.114

 Cardiac resynchronization

66 (7.2%)

46 (11.6%)

0.009

Device replacement or revision

459 (50.3%)

193 (48.7%)

0.597

 Device generator change
only

177 (19.4%)

52 (13.1%)

0.006

 Device generator change
with additional lead*

121 (13.3%)

 Cardiac resynchronization
New implant of an implantable
cardioverter-defibrillator

No
Antiplatelet
(N=935)

Single/Dual
Antiplatelet
(N=408)

P Value

40 (4.3%)

40 (9.8%)

<0.001

 Components of the primary outcome
 Hematoma prolonged
hospitalization

13 (1.4%)

10 (2.5%)

0.168

 Hematoma requiring
interruption of
anticoagulation

36 (3.9%)

37 (9.1%)

<0.001

 Hematoma requiring
reoperation

6 (0.6%)

8 (2.0%)

0.039

 Non clinically significant
hematoma*

12 (2.3%)

9 (7.0%)

0.010

Secondary outcomes

56 (14.1%)

0.671

 Any hematoma*

22 (4.1%)

12 (9.4%)

0.016

 All-cause mortality

5 (0.5%)

2 (0.5%)

1.000

Details of surgery

 Pneumothorax

3 (0.3%)

1 (0.3%)

1.000

Duration of procedure
(minutes) median (IQR)

 Hemothorax

0

0

…

 Other

161 (17.7%)

41 (26–66)

85 (21.5%)

50 (30–80.5)

0.105

<0.001

Venous-access guidance

 Cardiac tamponade

1 (0.1%)

1 (0.3%)

0.516

1 (0.1%)

0

1.000

2 (0.5%)

0.589
1.000

215 (23.6%)

109 (27.5%)

0.278

 Significant pericardial
effusion

 Ultrasonography

22 (2.4%)

4 (1.0%)

0.082

 Stroke

2 (0.2%)

Intrapocket administration of
prohemostatic agent

32 (3.5%)

15 (3.8%)

0.806

 Transient ischemic attack

 Peripheral venogram
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Pressure dressing applied
postoperatively
Sandbag applied
postoperatively

1 (0.1%)

0

 Non-CNS systemic embolism

0

0

…

0

1 (0.3%)

0.304

0

0

…

559 (61.3%)

232 (58.6%)

0.357

 Myocardial infarction

45 (4.9%)

37 (9.3%)

0.003

 Deep vein thrombosis or
pulmonary embolism

Data are n (%), median (IQR), mean (SD) or n/N (%). IQR indicates
interquartile range.
*Variable was only available for BC-2 patients.

medication (combined with anticoagulation) was a
highly significant predictor, associated with a 2-fold
increase in the risk of CSH. The presence of an antiplatelet agent also significantly increased the number of unscheduled outpatient visits for wound assements. Longer procedure duration was predictive
of CSH as was a heparin bridging strategy as compared with continued warfarin even when accounting for the presence of an antiplatelet. Importantly,
we found no difference in the frequency of CSH
between a strategy of warfarin continuation versus
a strategy of interrupted or continued DOAC at the
time of device surgery. This is the first large study to
compare use of a DOAC versus warfarin continuation at the time of device surgery.
Antiplatelet use has not received the same focus as
OAC use at the time of device surgery. This may be in
part due to older studies that did not find a significantly
increased risk of hematoma in the setting of aspirin
alone. Previous trials examined the risk of hematoma

 Superficial wound infection

4 (0.4%)

1 (0.3%)

1.000

 Device system infection

4 (0.4%)

5 (1.2%)

0.141

 Unscheduled out–patient
visit

70 (7.5%)

63 (15.4%)

<0.001

Data are n/N (%). CNS indicates central nervous system.
*Variables only available for BC-2 patients.

with antiplatelet use in nonanticoagulated patients.2,17,18
Wiegand et al17 reported in a retrospective review of
3164 patients (40.3% on aspirin) undergoing device
surgery, that there was no increased risk of hematoma
when the patient was on aspirin alone. In a prospective study, Kutinsky et al18 found that clopidogrel use
(most frequently in combination with aspirin), and not
aspirin alone, was associated with a 2.3-fold increased
risk of hematoma.18 This risk was reduced in patients
whose clopidogrel was held greater than 4 days before
the procedure. Increased bleeding with DAPT was also
reported by Tompkins et al2 who retrospectively analyzed 1388 patients undergoing device implantation.
The bleeding risk was not significantly higher in patients
taking aspirin alone as compared with no antiplatelet
medication (3.9% versus 1.6%; P=0.078), but significantly increased with a combination of aspirin and clop-
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Figure 2. Multivariable analysis: predictors of clinically significant hematoma. Variables entered into multivariable analysis model were: BC-1/BC-2 (BRUISE CONTROL [Bridge or Continue Coumadin for Device Surgery Randomized Controlled Trial]) study group (heparin bridging, continued warfarin, direct oral anticoagulant), age, sex, denovo vs non-denovo surgery, body mass index (kg/m2), diabetes mellitus, hypertension, duration of surgery, dual/single antiplatelet agent vs no
antiplatelet agent. Only variables that remained with P<0.05 were retained in the final model.
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idogrel (7.2% versus 1.6%; P=0.004).2 A meta-analysis
that included studies of varying antiplatelet and OAC
bridging strategies reinforced the findings of increased
bleeding with DAPT (OR, 5.0; 95% CI, 3.0–8.3) but not
with aspirin alone (OR, 1.5; 95% CI, 0.9–2.3).19
There are likely 2 main reasons for the contrast
between our finding that concomitant single antiplatelet use led to a doubling of CSH and prior data suggesting no association. First, and most importantly all
prior work examined antiplatelets alone; that is, without additional OAC use. There is no data on the risk
associated with combined antiplatelet and OAC use
during device surgery. Second, prior studies evaluating
risk factors for pocket hematoma did not use the same
objective definition of CSH and were not in the context
of randomized trials.2,5,17,18,20 We did not find additional
bleeding risk with DAPT in context of OAC (triple therapy), as demonstrated in other clinical situations,21,22
however, this may be due to the very small number of
patients on triple therapy in our study.
Similar to our findings, prior studies have found that
longer procedure duration has been associated with an
increased risk for hematoma.2 Whether longer procedure
duration creates the increased risk or increased pocket
oozing leads to prolonged efforts to achieve hemostasis
is uncertain. Other reported risk factors for pocket hematoma include increased age,5,20,23 congestive heart failure
and renal dysfunction,5,20 subpectoral ICD placement,17,20
implant technique (increased risk with subclavian or axil-

lary as compared to cephalic approach),18 biventricular
device implantation,20 permanent versus paroxysmal
atrial fibrillation, and higher stroke risk profile.20 Conversely, the presence of diabetes mellitus was unexpectedly associated with a reduced risk of CSH in our study.
Active measures to prevent CSH have included judicious
use of electrocautery, intrapocket administration of prohemostatic agents,24 and application of pressure dressings or sandbags; however none of these have been
shown to reduce CSH. Although measures to reduce CSH
were employed by operators in BC-1 and BC-2, including
intrapocket administration of prohemostatic agents, and
pressure dressings or sandbags applied postoperatively
these were not associated with reduced CSH frequency.
The potential risk-benefit of interrupting antiplatelet
therapy should consistently be estimated at the time of
device surgery. It is noteworthy that in a significant proportion of patients, there may actually be no guideline
indication for aspirin use in the setting of an OAC.25 The
ideal duration of DAPT after stent implantation remains
inconclusive, mostly because the activation of platelets
with resultant thrombosis occurs not only in response
to implantation of a stent, but also as part of the process of atherosclerosis.26 As a result, in the setting of
concomitant OAC use in stable, event-free patients
post stenting, discontinuation of all antiplatelet agents
at 1 year is encouraged based on studies demonstrating
that OACs alone are superior to aspirin post acute coronary syndrome.27,28 Wherever possible, consideration
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should be made for delaying elective device surgery
until safe to stop antiplatelet medications, or temporarily interrupting antiplatelet agents that are not clearly
indicated in the setting of chronic OAC use.

Limitations
The lack of operator blinding may have led to an imbalance of perioperative factors such as intrapocket prohemostatic agent, pressure dressing, and sandbag use;
however, previously published BC-1 and BC-2 analyses
did not find an association between these factors and
the risk of CSH. This study was not powered to compare the effect of dual versus single antiplatelet therapy. Although BC-1 and BC-2 were randomized clinical
trials, this study was of an observational design where
causality may not be inferred.

Conclusions
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In this study of combined BC-1 and BC-2 patients,
concomitant antiplatelet therapy doubled the risk of
CSH. No difference in CSH was found between DOAC
versus continued warfarin. In anticoagulated patients
undergoing elective or semi-urgent device surgery, the
patient specific benefit/risk of holding an antiplatelet
should be carefully considered. As such, carefully considered antiplatelet interruption should be part of the
perioperative management strategy, with consideration
for delaying elective device surgery until safe to stop
the antiplatelet.
ARTICLE INFORMATION
Received March 6, 2019; accepted August 7, 2019.
The Data Supplement is available at https://www.ahajournals.org/doi/
suppl/10.1161/CIRCEP.119.007545.
*A list of all BRUISE CONTROL Investigators is given in the Data Supplement.

Authors
Vidal Essebag, MD, PhD; Jeff S. Healey, MD, MSc; Jacqueline Joza, MD; Pablo
B. Nery, MD; Eli Kalfon, MD; Tiago L.L. Leiria, MD, PhD; Atul Verma, MD; Felix
Ayala-Paredes, MD; Benoit Coutu, MD; Glen L. Sumner, MD; Giuliano Becker,
MD; François Philippon, MD; John Eikelboom, MD, MSc; Roopinder K. Sandhu,
MD; John Sapp, MD; Richard Leather, MD; Derek Yung, MD; Bernard Thibault,
MD; Christopher S. Simpson, MD; Kamran Ahmad, MD; Satish Toal, MD; Marcio Sturmer, MD; Katherine Kavanagh, MD; Eugene Crystal, MD; George A.
Wells, MSc, PhD; Andrew D. Krahn, MD; David H. Birnie, MD; for the BRUISE
CONTROL Investigators*

Correspondence
Vidal Essebag, MD, PhD, McGill University, Director of Cardiac Electrophysiology, McGill University Health Centre, 1650 Cedar Ave, Room E5-200, Montreal,
QC, H3G 1A4. Email vidal.essebag@mcgill.ca

Affiliations
McGill University, McGill University Health Centre and Hôpital Sacré-Coeur
de Montréal, QC, Canada (V.E.). McGill University, McGill University Health
Centre, Montreal, QC, Canada (J.J.). McMaster University, Hamilton Health
Sciences, Population Health Research Institute, Hamilton, ON, Canada (J.S.H.,

J.E.,). Department of Medicine, University of Ottawa, University of Ottawa
Heart Institute, ON, Canada (P.B.N., G.A.W., D.H.B.). Galilee Medical Centre,
Naharyia, Israel (E.K.). Instituto de Cardiologia, Fundacao Universidade de Cardiologia, Porte Alegre, RS, Brazil (T.L.L.L). Southlake Regional Health Centre,
Newmarket, ON, Canada (A.V.). Université de Sherbrooke, Hopital Fleurimont
(F.A.-P.). Centre Hospitalier de L'Université de Montreal, Hopital Hotel-Dieu,
QC, Canada (B.C.). University of Calgary, Libin Cardiovascular Institute, Foothills Medical Centre, AB, Canada (G.L.S., K.K.). Hôpital du Sacré-Coeur de
Montréal, QC, Canada (G.B., M.S.). Laval University, Quebec Heart Institute,
Quebec City, Canada (F.P.). University of Alberta, Edmonton, Canada (R.K.S.).
Dalhousie University, QEII Health Sciences Centre, Halifax, NS, Canada (J.S.).
Department of Medicine, University of British Columbia, Vancouver, Canada
(R.L.). Scarborough Health Network, University of Toronto, Clinical Adjunct, ON,
Canada (D.Y.). Montreal Heart Institute, Université de Montreal, QC, Canada
(B.T.). Heart Rhythm Service, Queen's University, Kingston ON, Canada (C.S.S.).
University of Toronto, St Michael's Hospital, ON, Canada (K.A.). Saint John Regional Hospital, NB, Canada (S.T.). Arrhythmia Services, Schulich Heart Centre,
Sunnybrook Health Sciences Centre, University of Toronto, ON, Canada (E.C.).
University of British Columbia, Vancouver, Canada (A.D.K.).

Acknowledgments
We thank Karen MacDonald for central study co-ordination and Keri O'Reilly
for data entry. We thank staff at the UOHI CVS Research Methods Center for
database and statistical support/analysis: Lily Chen, My-Linh Tran, Jordan Bernick, and Liz Yetisir.

Sources of Funding
Bruise Control-1 was supported by an operating grant from the Canadian Institutes of Health Research (CIHR), a CIHR Clinician Scientist Award (Dr Essebag) and an Innovations grant from the University of Ottawa Heart Institute
Academic Medical Organization Alternate Funding Program (funded by the
Ministry of Health of Ontario). Bruise Control-2 was supported by a grant from
the Heart and Stroke Foundation of Canada (grant number G-14-0005725), a
Fonds de recherché du Quebec-Santé (FRQS) Clinical Research Scholar Award
(Dr Essebag) and grants from Boehringer Ingelheim, Germany; Bayer HealthCare AG, Leverkusen, Germany; Pfizer and Bristol-Myers Squibb, NY.

Disclosures
Dr Essebag reports personal fees from Bayer, personal fees from Boehringer
Ingelheim, personal fees from BMS Pfizer, personal fees from Servier, during the
conduct of the study (Modest). Dr Healey reports Research grants and speaking
fees from Bristol-Meyers-Squibb and Pfizer. Speaking fees from Servier; research
grants and speaking fees from Medtronic and Boston Scientific (Modest). Dr
Verma reports grants from Bayer, grants from Medtronic, grants from Biosense
Webster, outside the submitted work (Modest). Dr Coutu reports personal fees
from Bayer, outside the submitted work (Modest). Dr Eikelboom reports honoraria and grant support from Astra Zeneca, Bayer, Boehringer Ingelheim, BristolMyers-Squibb/Pfizer, Daiichi Sankyo, Glaxo Smith Kline, Janssen, Sanofi Aventis
and Eli Lilly as well as a personnel award from the Heart and Stroke Foundation
(Modest). Dr Sandhu reports grant support from Servier (Modest). Dr Thibault
reports personal fees and other from Medtronic, personal fees and other from
Abbott (Modest). Dr Birnie reports grants from Boehringer Ingelheim, Germany,
grants from Pfizer and Bristol-Myers Squibb, New York, during the conduct of
the study (Modest). The other authors report no conflicts.

REFERENCES
1. Birnie DH, Healey JS, Wells GA, Verma A, Tang AS, Krahn AD,
Simpson CS, Ayala-Paredes F, Coutu B, Leiria TL, Essebag V; BRUISE
CONTROL Investigators. Pacemaker or defibrillator surgery without interruption of anticoagulation. N Engl J Med. 2013;368:2084–2093. doi:
10.1056/NEJMoa1302946
2. Tompkins C, Cheng A, Dalal D, Brinker JA, Leng CT, Marine JE,
Nazarian S, Spragg DD, Sinha S, Halperin H, Tomaselli GF, Berger RD,
Calkins H, Henrikson CA. Dual antiplatelet therapy and heparin “bridging” significantly increase the risk of bleeding complications after pacemaker or implantable cardioverter-defibrillator device implantation. J Am
Coll Cardiol. 2010;55:2376–2382. doi: 10.1016/j.jacc.2009.12.056
3. Li HK, Chen FC, Rea RF, Asirvatham SJ, Powell BD, Friedman PA, Shen WK,
Brady PA, Bradley DJ, Lee HC, Hodge DO, Slusser JP, Hayes DL, Cha YM. No

Circ Arrhythm Electrophysiol. 2019;12:e007545. DOI: 10.1161/CIRCEP.119.007545

October 2019

7

Essebag et al; Risk Factors for Significant Device Hematoma

4.

5.

6.

7.

8.

9.

10.

Downloaded from http://ahajournals.org by on October 21, 2019

11.

12.

13.

14.

15.

16.

increased bleeding events with continuation of oral anticoagulation therapy for patients undergoing cardiac device procedure. Pacing Clin Electrophysiol. 2011;34:868–874. doi: 10.1111/j.1540-8159.2011.03049.x
Cano O, Muñoz B, Tejada D, Osca J, Sancho-Tello MJ, Olagüe J, Castro JE,
Salvador A. Evaluation of a new standardized protocol for the perioperative management of chronically anticoagulated patients receiving implantable cardiac arrhythmia devices. Heart Rhythm. 2012;9:361–367. doi:
10.1016/j.hrthm.2011.10.010
Sridhar AR, Yarlagadda V, Yeruva MR, Kanmanthareddy A, Vallakati A,
Dawn B, Lakkireddy D. Impact of haematoma after pacemaker and CRT
device implantation on hospitalization costs, length of stay, and mortality: a population-based study. Europace. 2015;17:1548–1554. doi:
10.1093/europace/euv075
Raad D, Irani J, Akl EG, Choueiri S, Azar E, Abboud J, Afif C. Implantable electrophysiologic cardiac device infections: a risk factor analysis. Eur J Clin Microbiol Infect Dis. 2012;31:3015–3021. doi: 10.1007/
s10096-012-1655-1
Sticherling C, Marin F, Birnie D, Boriani G, Calkins H, Dan GA, Gulizia M,
Halvorsen S, Hindricks G, Kuck KH, Moya A, Potpara T, Roldan V, Tilz R,
Lip GY. Antithrombotic management in patients undergoing electrophysiological procedures: a European Heart Rhythm Association (EHRA) position document endorsed by the ESC Working Group Thrombosis, Heart
Rhythm Society (HRS), and Asia Pacific Heart Rhythm Society (APHRS).
Europace. 2015;17:1197–1214. doi: 10.1093/europace/euv190
Essebag V, Verma A, Healey JS, Krahn AD, Kalfon E, Coutu B,
Ayala-Paredes F, Tang AS, Sapp J, Sturmer M, Keren A, Wells GA, Birnie DH;
BRUISE CONTROL Investigators. Clinically significant pocket hematoma
increases long-term risk of device infection: BRUISE CONTROL INFECTION Study. J Am Coll Cardiol. 2016;67:1300–1308. doi: 10.1016/j.jacc.
2016.01.009
Klug D, Balde M, Pavin D, Hidden-Lucet F, Clementy J, Sadoul N, Rey JL,
Lande G, Lazarus A, Victor J, Barnay C, Grandbastien B, Kacet S; PEOPLE
Study Group. Risk factors related to infections of implanted pacemakers
and cardioverter-defibrillators: results of a large prospective study. Circulation. 2007;116:1349–1355. doi: 10.1161/CIRCULATIONAHA.106.678664
Palmisano P, Accogli M, Zaccaria M, Luzzi G, Nacci F, Anaclerio M, Favale S.
Rate, causes, and impact on patient outcome of implantable device complications requiring surgical revision: large population survey from two centres in Italy. Europace. 2013;15:531–540. doi: 10.1093/europace/eus337
Mulpuru SK, Pretorius VG, Birgersdotter-Green UM. Device infections: management and indications for lead extraction. Circulation.
2013;128:1031–1038. doi: 10.1161/CIRCULATIONAHA.113.000763
Romeyer-Bouchard C, Da Costa A, Dauphinot V, Messier M, Bisch L,
Samuel B, Lafond P, Ricci P, Isaaz K. Prevalence and risk factors related
to infections of cardiac resynchronization therapy devices. Eur Heart J.
2010;31:203–210. doi: 10.1093/eurheartj/ehp421
van der Heijden AC, Borleffs CJ, Buiten MS, Thijssen J, van Rees JB,
Cannegieter SC, Schalij MJ, van Erven L. The clinical course of patients
with implantable cardioverter-defibrillators: Extended experience on
clinical outcome, device replacements, and device-related complications.
Heart Rhythm. 2015;12:1169–1176. doi: 10.1016/j.hrthm.2015.02.035
Voigt A, Shalaby A, Saba S. Continued rise in rates of cardiovascular implantable electronic device infections in the United States: temporal trends
and causative insights. Pacing Clin Electrophysiol. 2010;33:414–419. doi:
10.1111/j.1540-8159.2009.02569.x
Birnie DH, Healey JS, Essebag V. Management of anticoagulation around
pacemaker and defibrillator surgery. Circulation. 2014;129:2062–2065.
doi: 10.1161/CIRCULATIONAHA.113.006027
Birnie DH, Healey JS, Wells GA, Ayala-Paredes F, Coutu B, Sumner GL,
Becker G, Verma A, Philippon F, Kalfon E, Eikelboom J, Sandhu RK,
Nery PB, Lellouche N, Connolly SJ, Sapp J, Essebag V. Continued vs.
interrupted direct oral anticoagulants at the time of device surgery,
in patients with moderate to high risk of arterial thrombo-embolic
events (BRUISE CONTROL-2). Eur Heart J. 2018;39:3973–3979. doi:
10.1093/eurheartj/ehy413

17. Wiegand UK, LeJeune D, Boguschewski F, Bonnemeier H, Eberhardt F,
Schunkert H, Bode F. Pocket hematoma after pacemaker or implantable
cardioverter defibrillator surgery: influence of patient morbidity, operation
strategy, and perioperative antiplatelet/anticoagulation therapy. Chest.
2004;126:1177–1186. doi: 10.1378/chest.126.4.1177
18. Kutinsky IB, Jarandilla R, Jewett M, Haines DE. Risk of hematoma complications after device implant in the clopidogrel era. Circ Arrhythm Electrophysiol. 2010;3:312–318. doi: 10.1161/CIRCEP.109.917625
19. Bernard ML, Shotwell M, Nietert PJ, Gold MR. Meta-analysis of bleeding complications associated with cardiac rhythm device implantation.
Circ Arrhythm Electrophysiol. 2012;5:468–474. doi: 10.1161/CIRCEP.
111.969105
20. Masiero S, Connolly SJ, Birnie D, Neuzner J, Hohnloser SH, Vinolas X,
Kautzner J, O'Hara G, VanErven L, Gadler F, Wang J, Mabo P, Glikson M,
Kutyifa V, Wright DJ, Essebag V, Healey JS; SIMPLE Investigators. Wound
haematoma following defibrillator implantation: incidence and predictors in the shockless implant evaluation (SIMPLE) trial. Europace.
2017;19:1002–1006. doi: 10.1093/europace/euw116
21. Agarwal N, Jain A, Mahmoud AN, Bishnoi R, Golwala H, Karimi A,
Mojadidi MK, Garg J, Gupta T, Patel NK, Wayangankar S, Anderson RD. Safety and efficacy of dual versus triple antithrombotic therapy in patients undergoing percutaneous coronary intervention. Am J Med. 2017;130:1280–
1289. doi: 10.1016/j.amjmed.2017.03.057
22. Gibson CM, Mehran R, Bode C, Halperin J, Verheugt FW, Wildgoose P,
Birmingham M, Ianus J, Burton P, van Eickels M, Korjian S, Daaboul Y,
Lip GY, Cohen M, Husted S, Peterson ED, Fox KA. Prevention of bleeding in patients with atrial fibrillation undergoing PCI. N Engl J Med.
2016;375:2423–2434. doi: 10.1056/NEJMoa1611594
23. Tsai V, Goldstein MK, Hsia HH, Wang Y, Curtis J, Heidenreich PA; National
Cardiovascular Data's ICD Registry. Influence of age on perioperative complications among patients undergoing implantable cardioverter-defibrillators for primary prevention in the United States. Circ Cardiovasc Qual
Outcomes. 2011;4:549–556. doi: 10.1161/CIRCOUTCOMES.110.959205
24. Beton O, Saricam E, Kaya H, Yucel H, Dogdu O, Turgut OO, Berkan O,
Tandogan I, Yilmaz MB. Bleeding complications during cardiac electronic
device implantation in patients receiving antithrombotic therapy: is there
any value of local tranexamic acid? BMC Cardiovasc Disord. 2016;16:73.
doi: 10.1186/s12872-016-0251-1
25. Essebag V, AlTurki A, Proietti R, Healey JS, Wells GA, Verma A, Krahn AD,
Simpson CS, Ayala-Paredes F, Coutu B, Leather R, Ahmad K, Toal S,
Sapp J, Sturmer M, Kavanagh K, Crystal E, Leiria TLL, Seifer C, Rinne C,
Birnie D; BRUISE CONTROL Investigators. Concomitant anti-platelet therapy in warfarin-treated patients undergoing cardiac rhythm device implantation: a secondary analysis of the BRUISE CONTROL trial. Int J Cardiol.
2019;288:87–93. doi: 10.1016/j.ijcard.2019.04.066
26. Davì G, Patrono C. Platelet activation and atherothrombosis. N Engl J
Med. 2007;357:2482–2494. doi: 10.1056/NEJMra071014
27. Valgimigli M, Bueno H, Byrne RA, Collet JP, Costa F, Jeppsson A, Jüni P,
Kastrati A, Kolh P, Mauri L, Montalescot G, Neumann FJ, Petricevic M,
Roffi M, Steg PG, Windecker S, Zamorano JL, Levine GN; ESC Scientific
Document Group; ESC Committee for Practice Guidelines (CPG); ESC National Cardiac Societies. 2017 ESC focused update on dual antiplatelet
therapy in coronary artery disease developed in collaboration with EACTS:
the task force for dual antiplatelet therapy in coronary artery disease of
the European Society of Cardiology (ESC) and of the European Association
for Cardio-Thoracic Surgery (EACTS). Eur Heart J. 2018;39:213–260. doi:
10.1093/eurheartj/ehx419
28. Levine GN, Bates ER, Bittl JA, Brindis RG, Fihn SD, Fleisher LA,
Granger CB, Lange RA, Mack MJ, Mauri L, Mehran R, Mukherjee D,
Newby LK, O'Gara PT, Sabatine MS, Smith PK, Smith SC Jr. 2016 ACC/
AHA guideline focused update on duration of dual antiplatelet therapy
in patients with coronary artery disease: a report of the American College of Cardiology/American Heart Association Task Force on clinical practice guidelines. J Am Coll Cardiol. 2016;68:1082–1115. doi:
10.1016/j.jacc.2016.03.513

Circ Arrhythm Electrophysiol. 2019;12:e007545. DOI: 10.1161/CIRCEP.119.007545

October 2019

8

