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Abstract
Background: The safety of perioperative anticoagulation (AC) and antiplatelet (AP) therapy

with subcutaneous implantable cardioverter-defibrillator (S-ICD) implantation is unknown. The

purpose of this study was to identify the risk factors associated with hematoma complicating

S-ICD implantation.

Methods: Records were retrospectively reviewed from 200 consecutive patients undergoing

S-ICD implantation at two academic medical centers. A hematoma was defined as a device site

blood accumulation requiring surgical evacuation, extended hospital stay, or transfusion.

Results: Among 200 patients undergoing S-ICD implantation (age 49 ± 17 years, 67% men), 10

patients (5%) had a hematoma, which required evacuation in six patients (3%). Warfarin was

bridged or uninterrupted in 12 and 13 patients, respectively (6% and 6.5%). Four of 12 patients

with warfarin and bridging AC (33%) and two of 13 patients with uninterrupted warfarin (15%)

developed a hematoma. Neither of the two patients with uninterrupted DOAC had a hematoma.

No patients on interrupted AC without bridging (n = 26, 13 with warfarin, 13 with DOAC) devel-

oped a hematoma. A hematoma was also more likely with the use of clopidogrel (n = 4/10 vs

10/190, 40% vs 5.3%, P < 0.0001) in combination with aspirin in 12/14 patients. Any bridging AC

(odds ratio [OR] 10.3, 1.8–60.8, P = 0.01), clopidogrel (OR 10.0, 1.7–57.7, P = 0.01), and uninter-

rupted warfarin without bridging (OR 11.1, 1.7–74.3, P = 0.013) were independently associated

with hematoma formation.

Conclusion: AC and/or AP therapy with clopidogrel appears to increase the risk for hematoma

following S-ICD implantation. Interruption of ACwithout bridging should be consideredwhen it is

an acceptable risk to hold AC.
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1 INTRODUCTION

Transvenous cardiac implantable electronic device (CIED) proce-

dures are frequently performed on therapeutic oral anticoagulation

(AC) in patients with an AC indication. A randomized controlled

trial demonstrated a decreased incidence of pocket hematoma with

transvenous CIED surgery on uninterrupted therapeutic warfarin

compared with bridging heparin.1 Transvenous CIED surgery with

uninterrupted or limited missed doses of direct oral anticoagulation

(DOAC) may have similar bleeding risks to uninterrupted warfarin.2

Furthermore, there was no difference in hematoma with interrupted

versus uninterrupted DOAC with transvenous CIED surgery in a

recent randomized study.3 Meanwhile, multiple studies demonstrate

a high risk of hematoma with perioperative antiplatelet (AP) agents

during transvenous CIED surgery.2,4

Subcutaneous implantable cardioverter-defibrillators (S-ICDs)

offer several advantages relative to transvenous CIEDs and maintain

a high efficacy in treatment of ventricular arrhythmias.5 Due to the
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absence of an intravascular lead, there is a decreased risk of lead and

venous complications,6 as well as lower risk associated with removal

should it be necessary. They do not currently, however, have the

capability of pacing or providing painless treatment of ventricular

tachycardia (antitachycardia pacing).

S-ICD implantation relative to transvenous CIED implantation

requires the creation of a larger pocket and two or three incisions

in areas of the chest remote from conventional transvenous CIED

implantation. The generator pocket location may be prone to diffi-

culties with hemostasis due to surgical visibility limitations (“deeper”

pocket relative to incision location) and anatomical constraints that

limit the ability for the surrounding tissue to exert pressure on the

pocket to “tamponade” any potential bleeding. Although randomized

data exists for perioperative ACmanagement in the transvenous CIED

population, the safety of perioperativeACand/orAP therapy and asso-

ciated risk for perioperative hematoma complicating S-ICD implanta-

tion is uncertain.We sought to identify the risk factors associatedwith

perioperative hematoma complicating S-ICD implantation.

2 METHODS

2.1 Study design

Medical records from consecutive S-ICD implantations at two

academic medical centers between January 2014 and September

2017 were reviewed for inclusion in this retrospective, multicenter

cohort study. S-ICD implantationwas performedutilizing conventional

techniques as described elsewhere.7–10 All devices were implanted

in the subcutaneous and not the intramuscular/submuscular space.

All patients were monitored overnight. The operative notes were

reviewed to determine details of S-ICD implantation, including any

complications. The medical records were reviewed to determine

baseline patient characteristics, medications, perioperative medica-

tion management, laboratory values, and complications. Subsequent

international normalized ratios (INRs) were collected for the next

month for patients onACwithwarfarin. ACwas defined as therapeutic

AC anytimewithin 7 days prior or 30 days postprocedure. A hematoma

was defined as a device site blood accumulation requiring surgical

evacuation, extended hospital stay, or transfusion. An extended hospi-

tal stay was defined as a new hospitalization or the addition of at least

one night of extended hospitalization to facilitate monitoring, evac-

uation, and/or AC management that would not have been necessary

in the absence of a hematoma. The decision to perform hematoma

evacuation was at the discretion of the operator and was often due

to progressive pain/swelling refractory to conservative management,

drainage from the incision, or compromised incision integrity due to

pressure from the hematoma. A supratherapeutic INR was defined

as an INR > 3.0. The Institutional Review Board of each institution

approved the study.

2.2 Statistical analysis

Descriptive statistics are presented as mean and standard devi-

ation for normally distributed continuous variables, median and

interquartile range for abnormally distributed continuous variables,

or number and percentage for categorical variables. Parameters of

interest were compared between groups using the Pearson's 𝜒2 test

for categorical variables and two-sample Student's t-test for continu-

ous variables. Logistic regression analysis was used to determine the

independent predictors of hematoma. The final multivariate model

was selected in a stepwise manner (removing one nonsignificant para-

meter at a time) using characteristicswithunivariateP-values of<0.20

as candidate variables. JMPversion 13.0 (SAS Institute, Cary,NC,USA)

was used for all statistical testing and P-values of < 0.05 were consid-

ered to be statistically significant.

3 RESULTS

3.1 Patient characteristics

Two hundred patients were included in the study (Table 1). The mean

age of patients was 49± 17 years (67%men). The average patient was

overweight (body mass index [BMI] 29.8 ± 7.3). Fifty-one patients had

an ischemic cardiomyopathy (25.5%). Surgical procoagulant was uti-

lized in three patients (1.5%).

3.2 Perioperative hematoma

Ten patients (5%) had a perioperative hematoma between 0 and 52

days postoperatively. All hematomas occurred at the lateral surgical

site and not the parasternal incisions. Six patients (60%) underwent

hematoma evacuation between 2 and 52 days postoperatively. Risk

factors associated with hematoma formation are presented in Table 2

and clinical details regarding the 10 patientswith hematoma in Table 3.

Seven patients (70%) had a new or extended hospitalization due to

the hematoma. Device infection occurred in two of 10 patients with

hematoma (20%). One of these patients had delayed wound dehis-

cence in the setting of a hematoma and underwent device removal

on postoperative day (POD) #52. The other infected patient had

hematoma evacuation with subsequent wound dehiscence requiring

device removal. No patients required administration of blood products

or vitamin K.

3.3 AC and APmanagement

AC and AP therapy was utilized in 56 (28%) and 104 (52%) of the

patients, respectively. The indications for AC included: atrial fibrilla-

tion/flutter (n = 29, 52%), venous thromboembolism (n = 11, 20%),

left ventricular (LV) assist device (n = 4, 7%), left ventricular thrombus

(n = 3, 5%), LV noncompaction (n = 3, 5%), mechanical valve replace-

ment (n= 2, 4%), venous hypercoagulable state (n= 2, 4%), peripartum

cardiomyopathy (n = 1, 2%), and LV dysfunction with apical aneurysm

(n = 1, 2%). AC was more frequently utilized in patients with ver-

sus without hematoma formation (60% vs 26%, n = 6/10 and 50/190,

P= 0.021). Six of 30 patients (20%) with uninterrupted and/or bridged

AC developed a hematoma (two uninterrupted warfarin, one uninter-

rupted warfarin with bridging postoperative unfractionated heparin
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TABLE 1 Patient characteristics (n= 200)

Age (years) at implant 49± 17

Male sex 134 (67)

BMI (kg/m2) 29.8± 7.3

Baseline Cr (mg/dL) 0.95 [0.79–1.19]

CHA2DS2-VASc 2.6± 1.7

Comorbidities

Ischemic CM 51 (25.5)

Nonischemic CM 98 (49)

Hypertrophic CM 9 (4.5)

CAD 72 (36)

LVAD 4 (2)

Atrial fibrillation/flutter 50 (25)

Hypertension 110 (55)

Diabetes mellitus 54 (27)

Prior stroke or TIA 16 (8)

Chronic kidney disease 38 (19)

ESRD on dialysis 12 (6)

Valve replacement 10 (5)

Medications

Anticoagulation 56 (28)

Warfarin 38 (19)

DOAC 16 (8)

Rivaroxaban 10 (5)

Apixaban 5 (2.5)

Dabigatran 1 (0.5)

Bridging UFH or LMWH 15 (7.5)

Antiplatelet (any) 104 (52)

Aspirin 102 (51)

Clopidogrel 14 (7)

Ticagrelor 5 (2.5)

Prasugrel 4 (2)

Medication Combinations

AC and dual AP 5 (2.5)

AC and single AP 26 (13)

ACw/o AP 25 (12.5)

Dual AP 21 (10.5)

Echocardiographic Data

Baseline LV end-diastolic diameter (mm) 57 [51–65]

Baseline LV EF (%) 31 [25–55]

Note: AC = anticoagulation; AP = antiplatelet agent; BMI = body mass
index; CAD = coronary artery disease; CM = cardiomyopathy; Cr = crea-
tinine; DOAC = direct oral anticoagulant; EF = ejection fraction; ESRD =
end-stage renal disease; LMWH = low-molecular-weight heparin; LV = left
ventricular; LVAD = left ventricular assist device; LVEF = left ventericular
ejection fraction; TIA = transient ischemic attack; UFH = unfractionated
heparin.

TABLE 2 Clinical characteristics and association with pocket
hematoma

Hematoma
(n= 10)

No
hematoma
(n= 190) P-value

Age (years) at implant 56.1± 16.2 48.4± 17.0 0.17

Male Sex 9 (90) 125 (65.8) 0.11

BMI (kg/m2) 27.0± 5.6 30.0± 7.3 0.20

Baseline Cr (mg/dL) 1.0 [0.8–1.3] 1.0 [0.8–1.2] 0.67

CHA2DS2-VASc 2.9± 1.7 2.6± 1.7 0.62

Comorbidities

Ischemic CM 3 (30) 48 (25.3) 0.74

Nonischemic CM 4 (40) 94 (49.5) 0.56

Hypertrophic CM 0 (0) 9 (4.7) 0.48

CAD 5 (50) 67 (35.3) 0.34

LVAD 1 (10) 3 (1.6) 0.06

Atrial fibrillation/flutter 1 (10) 49 (26.1) 0.25

Hypertension 7 (70) 103 (54.2) 0.33

Diabetes mellitus 3 (30) 51 (26.8) 0.83

Prior stroke or TIA 1 (10) 15 (7.9) 0.81

COPD 1 (10) 12 (6.3) 0.65

Chronic kidney disease 0 (0) 38 (20) 0.12

ESRD on dialysis 0 (0) 12 (6.3) 0.41

Valve replacement 1 (10) 9 (4.7) 0.46

Medications

Anticoagulation 6 (60) 50 (26.3) 0.021

Warfarin 6 (60) 32 (16.8) 0.0007

DOAC 0 (0) 16 (8.4) 0.34

Rivaroxaban 0 (0) 10 (5.3) 0.46

Apixaban 0 (0) 5 (2.6) 0.60

Dabigatran 0 (0) 1 (0.5) 0.82

Bridging UFH or
LMWH

4 (40) 11 (5.8) <0.0001

Anti-platelet 8 (80) 96 (50.5) 0.069

Aspirin 7 (70) 95 (50) 0.22

Clopidogrel 4 (40) 10 (5.3) <0.0001

Ticagrelor 0 (0) 5 (2.6) 0.60

Prasugrel 0 (0) 4 (2.1) 0.64

Medication Combinations

AC and dual AP 1 (10) 4 (2.1) 0.12

AC and single AP 3 (30) 23 (12.1) 0.10

AC and single or dual AP 4 (40) 27 (14.2) 0.028

ACw/o AP 2 (20) 23 (12.1) 0.46

Dual AP 3 (30) 18 (9.5) 0.039

AC and APManagement

AC uninterrupted and/or
bridged

6 (60) 24 (12.6) <0.0001

AC interruptedw/o
bridging

0 (0) 26 (13.7) 0.21

Warfarin uninterrupted
(no bridging)

2 (20) 11 (5.8) 0.08

(Continues)
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TABLE 2 (Continued)

Hematoma
(n= 10)

No
hematoma
(n= 190) P-value

Warfarin bridged 4 (40) 8 (4.2) <0.0001

Warfarin interrupted
w/o bridging

0 (0) 13 (6.8) 0.39

Echocardiographic Data

Baseline LV end-diastolic
diameter (mm)

52
[48.75–62.5]

57 [51–65] 0.48

Baseline LV EF (%) 25 [25–55] 31 [25–53] 0.78

Note: Clinical associations with hematoma are presented above, includ-
ing utilization of anticoagulation and anti-platelet therapy. Uninterrupted
and/or bridgedanticoagulationusewashigher in patientswith thanwithout
hematoma.AC= anticoagulation; AP= antiplatelet agent; BMI=bodymass
index; CAD = coronary artery disease; CM = cardiomyopathy; COPD =
chronic obstructive pulmonary disease; Cr = creatinine; DOAC = direct
oral anticoagulant; EF = ejection fraction; ESRD = end-stage renal disease;
LMWH = low-molecular-weight heparin; LV = left ventricular; LVAD = left
ventricular assist device; Preop = preoperative; Postop = postoperative;
TIA= transient ischemic attack; UFH= unfractionated heparin.

[UFH], one uninterrupted warfarin with bridging postoperative low-

molecular-weight heparin [LMWH], and twowith interruptedwarfarin

and pre- and postoperative bridging UFH). No patients on interrupted

AC without bridging experienced hematoma (n = 26, 0%, 13 with war-

farin, 13with DOAC).

3.4 Warfarin

Warfarin use was higher in patients with versus without hematoma

(n = 6/10 vs 32/190, 60% vs 16.8%, P = 0.0007). Warfarin was

uninterrupted in 13 of 38 patients (34%), bridged with LMWH or

UFH in 12 patients (32%), and interrupted without bridging in 13

patients (34%). There was a trend toward higher use of uninterrupted

warfarin (without bridging) in patients with versus without hematoma

(n= 2/10 vs 11/190, 20% vs 5.8%, P= 0.08). There was a higher use of

warfarin with bridging among patients with versus without hematoma

(n = 4/10 vs 8/190, 40% vs 4.2%, P < 0.0001). No patients with inter-

rupted warfarin without bridging developed a hematoma (n= 13). The

median INR among those with uninterrupted and interrupted (w/o

bridging) AC was 2.4 [2.1–2.7] and 1.4 [1.2–1.6]. A supratherapeutic

INR was present in 14 patients within 30 days postoperatively, includ-

ing three of 10 (30%) patients with perioperative hematoma (INRs of

4.1 on POD#1, 4.5 on POD#6, and 7.3 on POD#3).

3.5 Direct oral anticoagulants

Sixteen patients (8.4%) were on a DOAC perioperatively (10 on

rivaroxaban, five on apixaban, and one on dabigatran). No patients on a

DOAChadahematoma. TheDOACwas interrupted in14of16 (87.5%)

patients: 24–48 hours preoperatively in 11 patients and > 48 hours

in three patients. Only one patient on a DOAC received additional

bridging AC. The DOAC was resumed in < 24 hours in one patient,

24–48 hours in 12 patients, and> 48 hours in one patient.

3.6 Bridging AC

Bridging AC with UFH or LMWH (11 patients with UFH, six patients

with LMWH, two patients received both UFH and LMWH) was

more common in those with versus without hematoma (n = 4/10 vs

n = 11/190, 40% vs 5.8%, P < 0.0001). Among the 15 patients with

bridging AC, bridging was more frequent preoperative (n = 13/15,

87%) than postoperative (n=7/15, 47%). UFHwas held for 6–12hours

preimplant and restarted in four patients 6 hours–6 days post-

implant. LMWH was held for one dose and resumed in three patients

24 hours–7 days postimplant. A hematoma occurred in two of 13

patients with preoperative bridging (15.4%, both with UFH, both also

received postoperative bridging) and four of seven patients with post-

operative bridging (57%, three with UFH and one with LMWH). No

hematoma occurred in patients receiving preoperative bridging AC

without postoperative bridging. Hematoma occurred in three patients

on UFH (n= 3/11, 27%) and one patient with LMWH (n= 1/6, 17%).

3.7 Prophylactic AC

Twenty-five patients (12.5%) received prophylactic dose UFH or

LMWHwithin 72 hours preoperatively andwas held in all patients pre-

operatively. It was resumed in only two patients (1%) postoperatively.

Only one patient with prophylactic UFH or LMWHhad a hematoma.

3.8 AP use

AP medications were utilized in 104 patients (52%). There was a

nonsignificant trend toward higher use of AP therapy in those with

hematoma versus no hematoma (80% vs 50.5%, P = 0.069). Doses of

AP agents were infrequently held perioperatively (three of 102 with

aspirin, one of five with ticagrelor, and none with prasugrel). Clopi-

dogrel usage was higher in patients with versus without hematoma

(40%vs5.3%,P<0.0001). Themajority of patients on clopidogrelwere

on dual AP therapy with aspirin (n = 12/14, 86%), including three of

four (75%) patients with hematoma associated with clopidogrel. Dual

AP therapy was utilized in 21 patients (10.5%), including 30% of those

with a hematoma versus 9.5% of those without hematoma (P= 0.039).

One of five patients (20%) on oral AC and dual AP therapy developed a

hematoma.

3.9 Multivariate analysis

Any bridging AC (odds ratio [OR] 10.3, 1.8–60.8, P = 0.010), clopido-

grel (OR 10.0, 1.7–57.7, P = 0.010), and uninterrupted warfarin with-

out bridging AC (OR 11.1, 1.7–74.3, P = 0.013) were independently

associated with hematoma formation (Figure 1, Table 4). BMI, sex, and

agewere not independently associated with hematoma formation.

3.10 Nonhematoma complications

Seven patients (3.5%) had device infection requiring removal, two

of which were preceded by hematoma. One patient underwent sub-

sequent S-ICD reimplantation and the remainder underwent either

transvenous ICD implantation or no reimplantation. Six patients (3%)
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TABLE 4 Multivariate associations with hematoma after subcuta-
neous ICD implantation

Variable OR (95%CI) P-value

Any bridging AC (UFH or LMWH) 10.3 (1.8–60.8) 0.010

Clopidogrel 10.0 (1.7–57.7) 0.010

Uninterruptedwarfarin (no bridging) 11.1 (1.7–74.3) 0.013

BMI 1.1 (0.94–1.28) 0.20

Note: Any bridging anticoagulation, clopidogrel, and uninterrupted war-
farin are independently associated with hematoma complicating S-ICD
implantation. Additional univariate factors included in the initial iterations
of the multivariate analysis included age and sex. BMI is per unit change.
AC = anticoagulation; BMI = body mass index; CI = confidence inter-
val; ICD = implantable cardioverter-defibrillator; LMWH = low-molecular-
weight heparin;OR=odds ratio; S-ICD= subcutaneous ICD;UFH=unfrac-
tionated heparin.

had S-ICD removal for noninfectious causes: pain (n= 1), oversensing/

inappropriate therapies (n = 3), allergy (n = 1), and desire for transve-

nous ICD to facilitate antitachycardia pacing (n = 1). One patient

underwent lead revision (POD #12) due to skin irritation and discom-

fort from an electrode implanted too superficially. No patient had peri-

operative stroke/transient ischemic attack,myocardial infarction, arte-

rial embolism, or died from perioperative complications.

4 DISCUSSION

We report the collective experience of S-ICD implantation in a popu-

lation at two tertiary academic centers. The key findings of this study

include: (1) uninterrupted AC and/or bridging is independently associ-

ated with hematoma complicating S-ICD implantation; (2) clopidogrel

(generally as part of dual anti-platelet therapy with aspirin) is indepen-

dently associatedwith hematoma; and (3) interruption of AC (warfarin

or DOAC) without bridging is associated with a low risk of hematoma

following S-ICD implantation.

A perioperative hematoma can have disastrous consequences. The

reported 1-year risk for infection in patients with transvenous CIED

postoperative hematoma was 11%.11 Evacuation may be required in

some patients, further increasing the risk of infection. It can also result

in prolonged hospitalizations and readmissions with associated risks.

The reported incidence of hematoma complicating S-ICD implantation

is 0.2–5.8% (Table 5).5,10,12–14 This study reports a high rate of

hematoma which may be due to increased AC and AP usage, co-

morbidities, less surgical procoagulant usage, differences in the thresh-

old for hematoma evacuation, and the possibility of underreporting

of hematoma in prior studies. Of note, a similarly elevated risk for

hematoma (5.8%) was reported during a recent single-center S-ICD

cohort that includedmany patients on uninterrupted warfarin.12

Perioperative AC and AP management strategies utilized with

transvenous CIED surgery may not be suitable for S-ICD implan-

tation. S-ICD implantation has two or three incisions, a larger

surface area, limited surgical visibility (“deeper” pocket relative to

incision location), and anatomical constraints that limit the ability for

the surrounding tissue to exert pressure on the pocket to “tampon-

ade” any potential bleeding. Furthermore, patients receiving S-ICD

may have a higher incidence of chronic kidney disease and other co-

morbidities, increasing the bleeding risk relative to transvenous CIED

patients. Bridging AC during transvenous CIED surgery with UFH or

LMWH has been reported to have a much higher risk of hematoma

than uninterrupted warfarin (16.0% vs 3.5%).1 Similarly, we report

a particularly high risk of hematoma with S-ICD implantation and

postoperative bridging. While transvenous CIED implantation with

oral warfarin and/or AP therapy has been associated with a higher

risk of hematoma,15 a recent randomized study found no difference

in hematoma with interrupted versus continued DOAC at the time

of transvenous CIED implantation.3 As our study only included two

patients on uninterrupted DOAC, the safety of S-ICD implantation

with this ACmanagement strategy is uncertain.

A recent single-center retrospective study in 137 patients under-

going S-ICD implantation reported a higher incidence of pocket

hematoma with uninterrupted warfarin versus no warfarin (25% vs

1.5%, P = 0.001). Similarly, we report an elevated risk of hematoma

in patients with uninterrupted and/or bridged AC with S-ICD implan-

tation. The risk was particularly high with postoperative bridging. This

studyexpandson the findingsofAzfal et al. in a larger two-centerpopu-

lation while addressing the risk of pocket hematoma with peri-

operative bridging AC, DOACs, and AP therapy.12

F IGURE 1 Three factors independently associated with hematoma complicating S-ICD implantation. Anticoagulation uninterrupted and/or
bridged, clopidogrel, and uninterrupted warfarin are each independently associated with hematoma complicating S-ICD implantation. S-ICD =
subcutaneous implantable cardioverter-defibrillator [Color figure can be viewed at wileyonlinelibrary.com]
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TABLE 5 Reported hematoma rate with subcutaneous ICD implantation

Number of
implants

Hematoma
incidence Age (years) ESRD on dialysis AC use AP use

Weiss et al. 201310

(IDE study)
321 Not reported 51.9 ± 15.5 Excluded – 0 (0%) Not reported Not reported

Burke et al. 20155

(EFFORTLESS
Registry)

882 4 (0.4%) 50.3 ± 16.9 Not reported Not reported Not reported

Friedman et al. 201613

(NCDR ICD
Registry)

3717 11 (0.3%) 53.5 ± 15.6 744 (20.1%) Warfarin 690 (18.6%,
held in 74% of these)

Not reported

Gold et al. 201714

(Post-Approval
Study/Registry)

1637 7 (0.4%) 53.2 ± 15.0 219 (13.4%) Not reported Not reported

Afzal et al. 201712

(Single-center
cohort)

137 8 (5.8%) 49.1 Not reported Warfarin 35 (25.5%,
held in 31% of these)

Aspirin: 50 (36.5%)
DAPT: 34 (24.8%)

Sheldon et al. 2018
(Two-center cohort)

200 10 (5%) 49 ± 17 12 (6%) Warfarin: 38 (19%)
DOAC: 16 (5.3%)
Bridging UFH/LMWH:
15 (7.5%)

Aspirin: 102 (51%)
Other antiplatelet:
23 (11.5%)

DAPT: 21 (10.5%)

Note: Comparison of hematoma rates with subcutaneous ICD implantation in various studies. Anticoagulation and antiplatelet management were reported
in only a portion of these studies. AC = anticoagulation; AP = antiplatelet; DAPT = dual antiplatelet therapy; DOAC = direct oral anticoagulants; ESRD =
end-stage renal disease; ICD= implantable cardioverter-defibrillator; LMWH= low-molecular-weight heparin; UFH= unfractionated heparin.

Clopidogrel is associated with increased hematoma formation dur-

ing transvenous CIED surgery.4 We found that clopidogrel use at the

time of S-ICD implantation, generally as part of dual AP therapy, is also

associated with hematoma independent of AC use and other clinical

factors. The utilization of other AP agents was too infrequent to draw

reliable conclusions.

An important finding of this study was that no patients on inter-

rupted AC with either warfarin or a DOACwithout bridging AC devel-

oped a hematoma. A recent randomized controlled trial found a lower

risk of perioperative bleeding without an increase in arterial thrombo-

embolism when atrial fibrillation patients were not bridged with

LMWH, although patients with recent stroke or mechanical valves

were excluded.16 Accordingly, it is prudent to consider interruption of

AC if the risk of doing so is acceptable.17 If the risk of interruption is not

acceptable, it may be preferable to continue oral AC without interrup-

tion rather than bridgingwithUFH/LMWH.1,3 Althoughmany patients

undergoing S-ICD implantation have chronic kidney disease,14 we did

not find an association between chronic kidney disease and hematoma

formation.

4.1 Limitations

This is a retrospective study and is subject to associated bias. Data

were collected from two tertiary centers and thus there is the poten-

tial of referral bias (sicker patients compared with community popu-

lations). Perioperative AC and AP management was not standard-

ized and was at the discretion of the operating electrophysiologists.

Furthermore, the management of hematoma was at the discretion of

the operating electrophysiologist and differences in the threshold for

hematoma evacuationmay have been present. The documentation of a

pressure dressing was incomplete and thus not included in data ana-

lysis. The presence of uninterrupted AC was pooled with bridging

AC due to a small number of patients with uninterrupted AC and no

bridging. There were insufficient patients to definitively comment on

the risk with an uninterrupted AC without bridging. There were also

too few patients to comment on relative bleeding risk with bridging

UFH versus LMWH. There was limited utilization of AP agents other

than aspirin and clopidogrel. Few patients were on clopidogrel without

aspirin. As only two patients were on uninterrupted DOAC, this study

was underpowered to assess the safety of this strategy.

4.2 Future directions

A randomized study is necessary in the S-ICD population to determine

the optimal perioperativemanagement of AC and AP agents.

5 CONCLUSION

Perioperative AC and/or AP therapy with clopidogrel appears to

increase the risk for hematoma following S-ICD implantation. A ran-

domized perioperative AC study is necessary in patients undergoing

S-ICD implantation. In themeantime, interruptionofACwithout bridg-

ing should be considered perioperatively when it is an acceptable risk

to hold AC.
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