JOURNAL OF THE AMERICAN COLLEGE OF CARDIOLOGY

VOL. 67, NO. 11, 2016

ª 2016 BY THE AMERICAN COLLEGE OF CARDIOLOGY FOUNDATION
PUBLISHED BY ELSEVIER

ISSN 0735-1097/$36.00
http://dx.doi.org/10.1016/j.jacc.2016.01.009

Clinically Signiﬁcant Pocket Hematoma
Increases Long-Term Risk of
Device Infection
BRUISE CONTROL INFECTION Study
Vidal Essebag, MD, PHD,a,b Atul Verma, MD,c Jeff S. Healey, MD,d Andrew D. Krahn, MD,e Eli Kalfon, MD,a,f
Benoit Coutu, MD,g Felix Ayala-Paredes, MD,h Anthony S. Tang, MD,i,j John Sapp, MD,k Marcio Sturmer, MD,b
Arieh Keren, MD,j George A. Wells, PHD,j David H. Birnie, MD,j for the BRUISE CONTROL Investigators

ABSTRACT
BACKGROUND The BRUISE CONTROL trial (Bridge or Continue Coumadin for Device Surgery Randomized Controlled
Trial) demonstrated that a strategy of continued warfarin during cardiac implantable electronic device surgery was safe
and reduced the incidence of clinically signiﬁcant pocket hematoma (CSH). CSH was deﬁned as a post-procedure
hematoma requiring further surgery and/or resulting in prolongation of hospitalization of at least 24 h, and/or requiring
interruption of anticoagulation. Previous studies have inconsistently associated hematoma with the subsequent
development of device infection; reasons include the retrospective nature of many studies, lack of endpoint adjudication,
and differing subjective deﬁnitions of hematoma.
OBJECTIVES The BRUISE CONTROL INFECTION (Bridge or Continue Coumadin for Device Surgery Randomized Controlled
Trial Extended Follow-Up for Infection) prospectively examined the association between CSH and subsequent device infection.
METHODS The study included 659 patients with a primary outcome of device-related infection requiring hospitalization, deﬁned as 1 or more of the following: pocket infection; endocarditis; and bloodstream infection. Outcomes were
veriﬁed by a blinded adjudication committee. Multivariable analysis was performed to identify predictors of infection.
RESULTS The overall 1-year device-related infection rate was 2.4% (16 of 659). Infection occurred in 11% of patients
(7 of 66) with previous CSH and in 1.5% (9 of 593) without CSH. CSH was the only independent predictor and was
associated with a >7-fold increased risk of infection (hazard ratio: 7.7; 95% conﬁdence interval: 2.9 to 20.5; p < 0.0001).
Empiric antibiotics upon development of hematoma did not reduce long-term infection risk.
CONCLUSIONS CSH is associated with a signiﬁcantly increased risk of infection requiring hospitalization within 1 year
following cardiac implantable electronic device surgery. Strategies aimed at reducing hematomas may decrease the longterm risk of infection. (Bridge or Continue Coumadin for Device Surgery Randomized Controlled Trial [BRUISE CONTROL];
NCT00800137) (J Am Coll Cardiol 2016;67:1300–8) © 2016 by the American College of Cardiology Foundation.
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complication of cardiac implantable elec-
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tronic device (CIED) surgery, particularly

and performed all data analyses. The steering

in patients receiving perioperative anticoagulation.
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The risk of device pocket hematoma with heparin
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bridging has been reported to range from 17% to 31%

and approved the ﬁnal version.

ABBREVIATIONS
AND ACRONYMS
CI = conﬁdence interval
CIED = cardiac implantable
electronic device

CSH = clinically signiﬁcant

(1–3). The BRUISE CONTROL (Bridge or Continue Cou-

PATIENTS. Patients were enrolled at 17 cen-

madin for Device Surgery Randomized Controlled

ters in Canada and 1 in Brazil. Procedures and

Trial) demonstrated that a strategy of continued

results of the BRUISE CONTROL trial have

warfarin at the time of device surgery is safe and

been previously published (4). The study

reduced the incidence of clinically signiﬁcant pocket

included patients with a >5% annual predicted risk of

hematoma (CSH) from 16% to 3.5% (4–7).

thromboembolism taking warfarin, and undergoing

pocket hematoma

HR = hazard ratio
IQR = interquartile range

nonemergency CIED surgery. All patients provided

SEE PAGE 1309

written informed consent. Subjects that completed

Reported rates of device system infections have

BRUISE CONTROL follow-up were included in the

varied between 0.68% and 2.2% of implants (8–13).
Device infections occur within days to years following

BRUISE CONTROL INFECTION study.
STUDY PROCEDURES. Patients enrolled in BRUISE

surgery; require complete system removal for cure;

CONTROL were randomized in a 1:1 ratio to continued

and are associated with signiﬁcant morbidity, mor-

warfarin or heparin bridging as previously described

tality, and cost to the health care system (14). There is

(4). A blinded team was responsible for diagnosing,

therefore much effort to reduce infection.

following, and making all decisions about manage-

Previous studies have inconsistently correlated he-

ment of CSH. Patients developing CSH were followed

matoma with the subsequent development of device

until resolution of their hematoma for the primary

infection. These inconsistent results may in part relate

analysis of BRUISE CONTROL (4).

to the largely retrospective nature of studies, lack of

In BRUISE CONTROL INFECTION, data collection

endpoint adjudication, and differing subjective deﬁ-

included vital status, empiric use of antibiotics for

nitions of hematoma (8,11,12,15–17). In this study, we

CSH, other procedures on the device pocket, hospi-

prospectively examined the association between ob-

talization information for device infection, evidence

jectively deﬁned CSH and subsequent device infection.

for the infection, culture and microorganism details,
management of the infection, and complications from

METHODS

the infection or its management. All patients were
followed up at 1 year by chart review and/or tele-

STUDY DESIGN. The BRUISE CONTROL trial was a

phone contact.

multicenter single-blind randomized controlled trial

OUTCOME MEASURES. The primary outcome of the

designed to determine whether a strategy of continued

present BRUISE CONTROL INFECTION study was

warfarin (compared with bridging with heparin) at the

device-related

time of pacemaker or deﬁbrillator surgery reduced

occurring within 12 months after CIED surgery.

infection

requiring

hospitalization

the incidence of CSH in patients with moderate to

Infection was deﬁned as follows: 1) pocket infection;

high risk of thromboembolic events (4,18). CSH was

2) endocarditis (either valve or lead); or 3) blood-

objectively deﬁned as a post-procedure hematoma

stream infection (19,20). Pocket infections were

requiring further surgery and/or resulting in prolon-

deﬁned according to the 2008 National Healthcare

gation of hospitalization for least 24 h, and/or req-

Safety Network and U.S. Center for Disease Control

uiring interruption of anticoagulation. All potential

deﬁnitions for surgical site infections (21). Endo-

CSH were adjudicated by a blinded team of evaluators.

carditis was deﬁned according to the Modiﬁed Dukes’

The current BRUISE CONTROL INFECTION (Bridge

criteria (22), adapted as suggested to help diagnose

or Continue Coumadin for Device Surgery Random-

endocarditis in patients with implantable cardiac de-

ized Controlled Trial Extended Follow-Up for Infec-

vices (23). Secondary outcomes included repeat pro-

tion) extends the follow-up to 1 year with a primary

cedures on the pocket, whether the repeat procedure

outcome of infection requiring hospitalization.

was due to hematoma, complications of infection or

The trial was supported by a peer-reviewed grant

procedures required to manage infection, and death.

from the Canadian Institutes of Health Research. The

A blinded adjudication committee evaluated all

protocol was approved by the research ethics board at

potential primary endpoints (CIED-related infections

each of the participating centers. The University of

requiring hospitalization). The committee consisted

Ottawa

of an adjudication coordinator, 2 experts in cardiac
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electrophysiology, with consultation of an expert in

these 16 patients, 7 (44%) had a previous CSH and 9

infectious disease as required. Each outcome was

(56%) patients did not. Infections were classiﬁed as

classiﬁed as to whether it met the protocol study

limited to the pocket in 8 patients; associated with

deﬁnition for CIED-related infection. This adjudi-

bloodstream infection in 2 patients and endocarditis

cated result was then used in the ﬁnal analyses.

in 3 patients; or both bloodstream infection and

STATISTICAL ANALYSIS. Descriptive statistics were

endocarditis in 3 patients (Table 2). Hospitalization

reported for baseline patient characteristics and de-

for infection occurred at a median of 56 days (IQR: 26

tails related to CIED surgery. Continuous variables

to 192) following initial surgery. The time to infection

were presented as mean  SD for normally distrib-

hospitalization in the 7 patients with previous CSH

uted variables and medians and interquartile ranges

was not signiﬁcantly shorter than in patients without

(IQR) for non-normally distributed variables. Cate-

previous CSH (median: 30 days [IQR: 21 to 53] vs. 114

gorical variables were presented as frequencies with

days [IQR: 58 to 207]; p ¼ 0.13).

percentages. To compare the patients with and

The median hospitalization was 20 days (IQR: 16 to

without hospitalization for device infection, Student

41) including 3 days (IQR: 0 to 8) in intensive care. All

t test or Wilcoxon rank sum test were used to compare

patients received antibiotic therapy including intrave-

continuous variables, and Fisher exact test was used
for categorical variables. Because death competes
with hospitalization for device infection, a competing

nous antibiotics for a total duration of 30.8  14.1 days.
An organism was isolated in 69% of cases (11 of 16).
Of these, 10 were a Staphylococcus species and 1 was

risks analysis was performed for hospitalization for

Moraxella. All 16 patients were treated surgically,

device infection with death as the competing risk.

with generator removal in 2 patients (13%), generator

Only variables with p < 0.05 in the univariable

plus mechanical lead extraction in 11 patients (69%),

analysis were included in the subsequent multivari-

and generator plus laser lead extraction in 3 patients

able model. For multivariable analysis, the sub-

(19%). Other major complications included septic

distribution hazard model proposed by Fine and Gray

shock in 2 patients, acute antibiotic-induced hepatitis

(24) was used to assess the predictors of hospitaliza-

in 1 patient, and renal failure requiring dialysis in

tion for device infection. Only variables remaining

1 patient (Table 2).

signiﬁcant (p < 0.05) were included in the ﬁnal pre-

There was an additional patient diagnosed with

diction model. Hazard ratio (HR) and associated 95%

infective endocarditis of a mechanical aortic valve

conﬁdence interval (CI) were reported. The validity of

that was adjudicated to be unrelated to the CIED pro-

the proportional hazard assumption was tested by

cedure and not included as an outcome in the ﬁnal

evaluating Schoenfeld residuals and the interaction

analysis. Although a vegetation was documented by

between predictors and time. The proportional haz-

transesophageal echocardiogram on the prosthetic

ard assumption was met and model overﬁtting was

aortic valve, there was no evidence of right-sided CIED

considered. Cumulative incidence function was used

lead involvement or pocket infection. The patient

in estimating the probability of hospitalization for

was successfully treated with 6 weeks of intravenous

infection and in creating the cumulative incidence

antibiotics (without device removal), with resolution

curves to compare patients with and without CSH.

of infection and disappearance of the valvular vege-

Analysis was performed using SAS (version 9.3, SAS

tation on repeat transesophageal echocardiogram.

Institute Inc., Cary, North Carolina), and statistical

PATIENT

signiﬁcance was deﬁned as p < 0.05.

DEVELOPMENT OF INFECTION. The baseline char-

CHARACTERISTICS

ASSOCIATED

WITH

acteristics comparing patients with hospitalization for

RESULTS

infection to patients without infection are presented
in Table 1. Infection rates were not signiﬁcantly

All 659 patients that completed the BRUISE CONTROL

different in the heparin-bridging arm versus the

study follow-up were included in the BRUISE CON-

warfarin arm (3.1% vs. 1.8%, p ¼ 0.32). There was no

TROL INFECTION study. Long-term follow-up (until

difference in baseline demographics, sex, medication

infection, death, or 1-year follow-up encounter) was

use, or medical history other than a higher rate of

available for 651 patients. Details of trial enrollment

mechanical valve replacement in the infection group

and follow-up are shown in Figure 1.

(p ¼ 0.03). The median CHADS2 (congestive heart

DEVICE-RELATED

INFECTION

RATE. The

overall

failure history, hypertension history, age $75 years,

rate of device-related infection requiring hospitali-

diabetes mellitus history, stroke or transient ischemic

zation at 1 year was 2.4% (16 of 659) (Table 1).

attack symptoms previously) score in patients with

INFECTION MANAGEMENT AND OUTCOMES. Sixteen

nonrheumatic atrial ﬁbrillation was 3 (IQR: 3 to 4) and

patients developed a device-related infection. Of

did not differ according to infection.
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F I G U R E 1 Trial Enrollment and Follow-Up

Randomized in BC
n=681

continued warfarin
n=343

heparin bridging
n=338

12 study exits before
surgery

underwent surgery
n=335

underwent surgery
n=326

1 patient lost to
follow-up

completed BC and
included in BCI
n=325

1 patient lost to follow-up
after BC completion;
1 declined consent to
extended follow-up

1 death prior to final
follow-up

BCI patients with longterm follow-up
n=323

8 study exits before
surgery

completed BC and
included in BCI
n=334

3 patients lost to followup after BC completion;
3 declined consent to
extended follow-up

BCI patients with longterm follow-up
n=328

A total of 681 patients were enrolled in the BRUISE CONTROL (Bridge or Continue Coumadin for Device Surgery Randomized Controlled Trial) trial. The
659 patients that completed BC follow-up were included in the BRUISE CONTROL INFECTION (Bridge or Continue Coumadin for Device Surgery
Randomized Controlled Trial Extended Follow-Up for Infection) study. Of these, 651 patients completed long-term follow-up (until infection, death, or
1-year follow-up encounter). BC ¼ BRUISE CONTROL; BCI ¼ BRUISE CONTROL INFECTION.

PROCEDURAL DETAILS ASSOCIATED WITH DEVELOPMENT

was no association between empiric antibiotic use

OF INFECTION. There were no differences in initial

and subsequent device infection (p ¼ 0.18). There was

BRUISE CONTROL procedural details between patients

also no association between empiric antibiotic use

who later did or did not develop an infection,

and time to subsequent infection (p ¼ 0.50).

including device type, de novo versus non–de novo

RISK OF INFECTION FOLLOWING REPEAT POCKET

implant, procedure duration, operating physician,

PROCEDURE. There were a total of 24 patients with

vascular access, and hemostatic techniques (Table 3).

repeat procedures on the pocket after the index sur-

RISK OF INFECTION FOLLOWING CSH. Sixty-six of

gery. Of these, 14 cases were for device or lead rea-

the 659 patients (10%) developed a CSH following

sons such as device upgrade (n ¼ 3), device extraction

initial CIED surgery. The presence of CSH signiﬁ-

prior to radiation therapy (n ¼ 1), lead revision (n ¼ 9),

cantly correlated with a greater risk of subsequent

or cosmetic pocket revision (n ¼ 1). There were no

infection. The infection rate was 11% (7 of 66) in the

documented cases of subsequent device-related

group of patients with previous CSH compared with

infection in this group. The other 10 cases of repeat

an infection rate of only 1.5% (9 of 593) in the group

pocket procedure were for surgical management

of patients without previous CSH (p < 0.0001).

of CSH (requiring hematoma evacuation or wound

The cumulative incidence of infection according to

revision due to hematoma). Among the 66 patients

presence or absence of CSH is demonstrated in the

with CSH, the infection rate in the group that

Central Illustration.

underwent surgical management of CSH was 20%

EFFECT OF EMPIRIC ANTIBIOTICS ON RISK OF

(2 of 10) as compared to an infection rate of 8.9%

INFECTION. Data regarding empiric antibiotic ther-

(5 of 56) in the group of patients whose CSH was not

apy at time of CSH diagnosis was available for 55

managed surgically (p ¼ 0.29).

patients. Sixteen patients with CSH received empiric

PREDICTORS OF INFECTION. In multivariable anal-

antibiotics upon development of CSH; however, there

ysis, the presence of a CSH was the only variable
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T A B L E 1 Baseline Characteristics by Presence or Absence of Hospitalization

for Device Infection
Hospitalization
for Device
Infection
(n ¼ 16)

No Hospitalization
for Device
Infection
(n ¼ 643)

p Value

70.8  9.4

71.7  10.4

0.74

Male

13 (81)

466 (72)

0.58

27.6  5.0

28.3  5.9

0.64

Mechanical heart valve
replacement

9 (56)

189 (29)

0.03

Previous myocardial infarction

9 (56)

250 (39)

0.20

Previous coronary
revascularization

8 (50)

249 (39)

0.44

13 (81)

569 (88)

0.42

5 (31)

117 (18)

0.19

Previous embolic stroke

0

116 (18)

0.09

Previous peripheral embolus

0

BMI, kg/m2

Previous embolic TIA

Hypertension

The purpose of this study was to prospectively evaluate the association between objectively deﬁned
device pocket hematoma, a short-term postoperative
complication of CIED surgery, with long-term risk of
subsequent

Medical history

Atrial ﬁbrillation
and/or atrial ﬂutter

not causally related to the patient’s death.

DISCUSSION

Demographics
Age, yrs

determined that the previous device infection was

device

infection.

BRUISE

CONTROL

showed that a strategy of uninterrupted warfarin reduces the rate of CSH in the 2 weeks following surgery

12 (75)

21 (3.3)

1.00

(3.5% vs. 16% for heparin bridging) (4), while signiﬁcantly decreasing periprocedural costs (25). The trial
also found that CSH was associated with worsening of
some quality of life and pain scores evaluated perioperatively, as reported in the supplemental appendix
of Birnie et al. (4). Now, with the results of BRUISE

456 (71)

1.00

CONTROL INFECTION, the clinical importance of

Diabetes mellitus

3 (19)

252 (39)

0.12

trying to avoid CSH is even clearer. We show for the

Nonischemic cardiomyopathy

4 (25)

149 (23)

0.77

ﬁrst time in a prospective study, with adjudicated

10 (63)

255 (40)

0.07

objective endpoints, that there is a clear and signiﬁcant

2 (13)

22 (3.4)

0.11

association between signiﬁcant pocket hematomas
and subsequent infection. Patients with CSH had a >7-

Ischemic cardiomyopathy
Deep vein thrombosis
Pulmonary embolus
Rheumatic valvular heart disease

0

13 (2.0)

1.00

3 (19)

54 (8.4)

0.15

Medications

fold increased risk of subsequent serious device

Statin

11 (69)

465 (72)

0.78

infection compared with patients without CSH (Central

ACEI

8 (50)

371 (58)

0.61

Illustration).

ARB

3 (19)

147 (23)

1.00

Previous studies have inconsistently correlated

Amiodarone

4 (25)

92 (14)

0.27

pocket hematoma with CIED infection. De Oliveira

Beta-blocker

12 (75)

489 (76)

1.00

et al. (15) followed 649 patients after device implan-

ASA

8 (50)

250 (39)

0.44

tation, randomizing patients to perioperative antibi-

Clopidogrel

2 (13)

38 (5.9)

0.25

ASA and Clopidogrel

8 (50)

267 (42)

0.61

Loop diuretic

8 (50)

434 (68)

0.18

Values are mean  SD or n (%). Clopidogrel is marketed by Bristol-Myers Squibb (New York, New
York) and Sanoﬁ (Gentilly, France).
ACEI ¼ angiotensin-converting enzyme inhibitor; ARB ¼ angiotensin II receptor blocker; ASA ¼
aspirin; BMI ¼ body mass index; TIA ¼ transient ischemic attack.

otics or placebo. Thirteen patients (2%) developed an
infection. Multivariable analysis identiﬁed nonuse
of antibiotic (p ¼ 0.037) and postoperative hematoma
(p ¼ 0.023) as independent predictors of infection.
Hematoma was deﬁned as swelling of the pocket site.
In a second study, the REPLACE (Implantable Cardiac
Pulse Generator Replacement Registry), infection
developed in 22 patients (1.3%) (11,12). Patients with
infections were more likely to have had postoperative

signiﬁcantly associated with an increased risk of

hematomas (5 of 22 [22.7%] vs. 17 of 1,722 [0.98%],

future development of infection (HR: 7.7; 95% CI: 2.9

p ¼ 0.002). However, this was only a univariate

to 20.5; p < 0.0001).

analysis; multivariate analysis was not reported. In a

DEATHS. There was 1 death following infection. The

third study, Raad et al. (16) found an association

patient was a 93-year-old man with a history of me-

between infection and hematoma using retrospective

chanical aortic and mitral valves, coronary bypass

case control methodology, but hematoma was only

surgery, heart failure, and atrial ﬁbrillation. After

deﬁned as swelling beyond the generator and again

undergoing a generator change, he required a repeat

only univariate analysis was presented. In contrast, a

procedure for CSH (hematoma evacuation). Fourteen

fourth study by Klug et al. (8) determined that he-

days later, he developed a pocket and bloodstream

matoma (not deﬁned) was not a predictor of infection

infection. Therapy included removal of pacemaker

in a large prospective trial with 6,319 patients

generator only plus intravenous antibiotics until the

following device implantation, whereas early rein-

patient was discharged. Three months later, he died

tervention for hematoma or lead dislodgement was

of worsening heart failure and pneumonia. It was

strongly correlated with infection risk (adjusted odds

Presence of
CSH
(Y/N)

Repeat
Procedure
on Pocket

Time to Infection
(Days Post
Device Surgery)

Bridge

Y

Hematoma
evacuation

19

Pocket and
endocarditis

Moraxella

ICD lead culture

Generator and lead
extraction (mechanical)

None

39

Bridge

Y

Hematoma
evacuation

21

Pocket

Coagulase negative
Staphylococcus

Wound

Generator explanted

None

16

Bridge

Y

53

Pocket

Coagulase negative
Staphylococcus

Tissue

Generator and lead
extraction (mechanical)

None

9

Bridge

Y

35

Pocket and
bloodstream

Staphylococcus
aureus

Blood

Generator and lead
extraction (laser)

Site bleeding and
hematoma post extraction

Bridge

Y

21

Pocket

Staphylococcus
other

Wound

Generator and lead
extraction (mechanical)

None

Bridge

N

99

Pocket and
bloodstream

Staphylococcus
aureus

Blood and
device swab

Generator and lead
extraction (mechanical)

Acute renal failure requiring
dialysis, upper gastrointestinal
bleed, deep venous thrombosis

66

Bridge

N

217

Pocket

None

N/A

Generator and lead
extraction (mechanical)

None

18

Bridge

N

49

Endocarditis and
bloodstream

Coagulase negative
Staphylococcus

Blood

Generator and lead
extraction (laser)

Mechanical mitral valve
endocarditis-treated
intravenous antibiotics

16

Bridge

N

114

Pocket, endocarditis
and bloodstream

Staphylococcus
aureus

Wound, blood,
and lead

Generator and lead
extraction (mechanical)

Septic shock, hepatitis,
intracranial hemorrhage

42

Bridge

N

58

Pocket and
endocarditis

Coagulase negative
Staphylococcus

Wound and lead

Generator and lead
extraction (mechanical)

None

52

Warfarin

Y

335

Pocket

None

N/A

Generator and lead
extraction (mechanical)

Site bleeding and
hematoma post extraction

22

Warfarin

Y

30

Pocket

Staphylococcus
aureus

Wound

Generator and lead
extraction (mechanical)

None

13

Warfarin

N

287

Pocket

None

N/A

Generator and lead
extraction (laser)

None

16

Warfarin

N

177

Warfarin

N

13

Warfarin

N

207

Microorganism
Identiﬁed

Microorganism
Source

Surgical Treatment
of Infection

Other Complications
of infection

Length of
Admission

22
3

Pocket

None

N/A

Generator explanted

None

16

Endocarditis

None

N/A

Generator and lead
extraction (mechanical)

Required redo aortic valve
replacement as well as mitral
valve repair and repair of
ascending aorta

43

Endocarditis and
bloodstream

Staphylococcus
aureus

Blood

Generator and lead
extraction (mechanical)

Septic shock

40
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ICD ¼ implantable cardioverter-deﬁbrillator; N/A ¼ not available.

Infection
Classiﬁcation
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T A B L E 3 Procedure Details by Presence or Absence of Hospitalization for

Device Infection

hematoma then provides a fertile environment for
sustained microorganism colonization.
The presence of a CSH increased the risk of infec-

Hospitalization No Hospitalization
for Device
for Device
Infection
Infection
(n ¼ 16)
(n ¼ 643)
p Value

Procedure duration, min

58 (33–78)

51 (30–85)

Physician who performed
the procedure

0.81
0.66

tion by more than 7-fold at 1 year in our multivariable
analysis. No other risk factor was a signiﬁcant independent predictor of infection.
Our study also found no increased risk of subsequent infection following elective non–de novo im-

Electrophysiology staff physician

15 (94)

Staff surgeon
Cardiologist
Fellow participated in the procedure

601 (93)

1 (6.3)

31 (4.8)

0

11 (1.7)

10 (63)

plants in the absence of CSH. This is consistent with
data from 2 registries, REPLACE (6-month follow-up)

308 (48)

0.31

111 (17)

0.50

Access used for new leads
Cephalic

1 (6.3)

and PEOPLE (Prospective Evaluation of Pacemaker
Lead Endocarditis) (1-year follow-up), which found
relatively low infection rates of 1.3% and 0.99%,

Subclavian

5 (31)

176 (27)

0.78

respectively, following elective non–de novo im-

Axillary

4 (25)

154 (24)

1.00

plants (8,11).

16 (2.5)

1.00

Importantly, the use of empiric antibiotics at the

0.62

time of CSH diagnosis did not reduce the risk of infec-

Intrapocket prohemostatic agent given

0

Pressure dressing applied
postoperatively

8 (50)

Sandbag applied postoperatively

3 (19)

De novo implant
Preoperative international
normalized ratio

8 (50)
1.4 (1.1–2.1)

367 (57)
44 (6.8)
299 (47)
1.7 (1.2–2.3)

0.10

tion later on. A possible explanation is poor antibiotic

0.81

penetration into the extravascular space of the pocket.

0.52

In our study, device infection led to surgical inter-

Values are median (interquartile range) or n (%).

ratio: 15.0; p < 0.001) in multivariable analysis. These

vention in all cases, as well as disseminated infection
or end-organ damage in a few cases. Although there
were no deaths attributable to CIED infection in our
study, device infection has been reported to be associated with a mortality rate of 0% to 18% in other

4 studies highlight the broad differences found in the

studies (14,15,28,29). Our study did not include a cost

literature regarding methodology, endpoints, and

analysis related to infection but a previous report by

subjective deﬁnitions of hematoma used, limiting the

Sohail et al. (14) estimated the adjusted total cost of

comparisons across studies and conclusions that can

treating a device infection to range from $28,676 to

be drawn. The strength of our study is that it is an

$53,349 depending on such variables as type of

extension of a randomized prospective trial that

device

included an objective deﬁnition of pocket hematoma,

most importantly, intensive care length of stay, which

based on outcomes that were considered clinically

contributed nearly one-half the additional cost.

signiﬁcant (i.e., CSH deﬁned as hematoma that

The device type itself contributed a minor portion.

required reoperation, prolongation of hospitalization,

In that study, the mean admission length of stay ranged

or interruption of anticoagulation). Also, all potential

from 15.5 days for pacemaker infections to 24.3 days

CSH and device infections were independently adju-

for biventricular pacemaker infections, similar to

dicated by blinded investigators.

our reported median length of stay of 20 days.

infected,

hospital

length

of

stay,

and,

The observation that CSH was a powerful indepen-

As such, just as preventing CIED infections is crucial,

dent predictor of serious long-term CIED infection in

early recognition of device infections and prompt

our study further validates that our deﬁnition of CSH is

initiation of therapy, including minimizing time to

indeed highly clinically relevant. This supports a

device removal, may help to reduce intensive care

recent opinion article that suggested a 3-level grading
system of pocket hematomas, with a grade 3 hematoma

admission duration and the overall costs involved.
STUDY LIMITATIONS. In our study, infections were

characterized according to our deﬁnition of CSH (26).

included if they involved the CIED system. However,

A number of possible mechanisms by which

although the original source of infection is generally

hematomas predispose to CIED infection have been

attributed to the pocket, it is difﬁcult to exclude the

suggested. These include tension from a hematoma

possibility of late CIED infection occurring as a result of

leading to a breach in the wound allowing for post-

secondary seeding from a distant entry site. An adju-

operative contamination. Pressure from the hematoma

dication committee was employed to address this issue

may lead to low-grade tissue necrosis. Finally, it has

and individually evaluate all cases of CIED infection. In

been shown that up to 48% of intraoperative pocket

addition, we deﬁned the primary outcome as CIED

cultures will grow bacteria, most commonly Staph

infection requiring hospitalization in order to have an

species found in skin ﬂora (27). An accompanying

objective clinically meaningful endpoint.
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CENTRAL I LLU ST RAT ION Pocket Hematoma Predicts Long-Term Infection: Cumulative Incidence Curves by Presence or Absence
of Clinically Signiﬁcant Hematoma

Cumulative Incidence of
Hospitalization for Device Infection (%)

12

10

CSH

8

6

4

2

No CSH

0
0

2

4

6

8

10

12

Follow-up Time (Months)
CSH

66

54

54

53

51

49

39

No CSH 593

571

556

547

532

502

374

Essebag, V. et al. J Am Coll Cardiol. 2016; 67(11):1300–8.

Cumulative incidence of hospitalization for device infection by presence or absence of clinically signiﬁcant hematoma (CSH).

Decisions regarding surgical intervention to evac-

clear and strong association between signiﬁcant

uate CSH were not randomized. As such, it is not

pocket hematomas and subsequent infection. Pa-

possible to conclude whether surgical CSH evacuation

tients with CSH had more than a 7-fold subsequent

increases risk of infection associated with CSH. Also,

risk of serious device infection. Strategies aimed at

that there were no infections in the group of patients

reducing hematomas may decrease the long-term

who underwent repeat procedure unrelated to CSH

risk of infection.

may reﬂect an inadequate sample size or follow-up
time to detect infections in this group.

CONCLUSIONS
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PERSPECTIVES
COMPETENCY IN PATIENT CARE AND

TRANSLATIONAL OUTLOOK: Further investigation is

PROCEDURAL SKILLS: In patients undergoing

needed to deﬁne optimum strategies for prevention of

implantation of electronic cardiac devices, strategies

thromboembolism and bleeding when patients who are

to reduce pocket hematomas, such as continuing oral

anticoagulated with target-speciﬁc oral agents undergo

anticoagulation rather than bridging with heparin,

implantation of electronic cardiac devices.

may reduce the long-term risk of infection.
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