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Abstract

Purpose: Clinically significant pocket hematoma (CSH) is a common complication to
cardiac implantable electronic device (CIED) surgery. We aimed to evaluate predictors
of CSH after CIED surgery.

Methods: We performed a nationwide population-based prospective cohort study
with systematic patient chart review of all Danish patients undergoing CIED surgery
during a 12-month period. Multiple logistic regression analysis was used to estimate
adjusted odds ratios (aOR) with 95% confidence intervals for association between
predictors and CSH.

Results: We included 5918 consecutive patients, 63% males, mean age 72.6years. A
total of 148 (2.5%) patients experienced CSH, including 10 patients (0.2%) requiring
re-operation with hematoma evacuation. The risk of CSH was significantly increased
in patients treated with aspirin (aOR 1.8; 1.2-2.7), aspirin and clopidogrel (aOR 3.9;
2.3-6.5), or heparin (aOR 2.1; 1.1-4.1), and in patients with INR>2.0 (aOR 2.0; 1.2-
3.2). Patients operated by low-volume operators (aOR 2.7; 1.6-4.6) or undergoing
more complex CIED surgery such as cardiac resynchronization therapy (aOR 2.0; 1.1-
3.5) or dual-chamber defibrillator (aOR 2.1; 1.2-3.8) also had significantly increased
CSH risk.

Conclusion: In a large nationwide cohort of consecutive patients undergoing CIED
surgery, the risk of CSH was 2.5%, with 0.2% necessitating evacuation. CSH risk was
increased both in patients receiving aspirin, dual antiplatelet therapy or continued
vitamin K-antagonist therapy. Dual antiplatelet therapy had the highest risk (aOR) of
CSH. Both low operator volume and more complex CIED surgery were independently
associated with higher CSH risk. These data should be considered when planning

CIED surgery.
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1 | INTRODUCTION

Clinically significant pocket hematoma (CSH) occurs in 1.2%-7.3%
of patients after cardiac implantable electronic device (CIED) sur-
gery.l’7 CSH causes discomfort, poor wound healing, prolonged hos-
pital stay or readmission, prolonged interruption of anticoagulation
therapy,® a possible need for re-intervention,” and an increased risk
of infections.?1%* All of which makes identification of predictors of
CSH imperative.

For patients treated with vitamin K-antagonists (VKA), guide-
lines during CIED surgery changed from heparin bridging®? to con-
tinued VKA therapy.**** The BRUISE CONTROL study® showed that
continued VKA therapy is associated with an 80% risk reduction of
postoperative bleeding compared with heparin bridging without af-
fecting the risk of thromboembolic complications, and these results
are supported by other studies.>*>1?

Continued VKA therapy has been the preferred strategy in
Danish CIED centers for the past 10-15years, and heparin has been
used only in carefully selected patients. Therefore, our study popu-
lation is well suited to examine CSH risk with continued VKA strat-
egy. We aimed to provide complete and valid data on risk of CSH
after CIED surgery and to identify independent predictors of CSH
in a real-life setting.

2 | METHODS

2.1 | Study design and study population

A nationwide, population-based, prospective cohort study was per-
formed including all Danish patients who underwent transvenous
CIED surgery during a 12-month period from May 2010 to April
2011. No exclusion criteria were applied. We reported early compli-

cation rates from this cohort in a previous publication.20

2.2 | Datasources
The national clinical database, Danish Pacemaker and ICD register
(DPIR) was used to identify eligible patients and their baseline char-
acteristics for this study. Implanting physicians at all Danish centers
enter clinical and technical details of every CIED surgery into DPIR.
Data on CSH were recorded from a systematic manual review of
all patient charts. One investigator conducted these reviews. Data
on stroke within 30days of CIED surgery was obtained from The
Danish National Patient Register (DNPR), a register that holds na-
tionwide data on all hospital admissions, including information on
diagnoses and treatment dates.?! Linking data from DPIR, patient
charts and DNPR is possible using The Danish Civil Registration
System, where every Danish resident has a unique personal iden-
tification number.??

The Danish Data Protection Board, the DPIR Steering Committee,
and all CIED centers approved the study.
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2.3 | Studyoutcomes
CSH was defined as hematoma requiring re-intervention, prolonged
hospitalization, hospital re-admission, or additional out-patient vis-
its. Hematomas with no treatment consequences were not included.
Sensi et al.2% have introduced a 3-level grading system of hemato-
mas, with our definition of CSH corresponding to hematoma grade 3.
The study examines stroke as secondary outcome. We defined
stroke as ischaemic or hemorrhagic stroke within the first 30days

after CIED surgery.

2.4 | Predictors of CSH

We included the following baseline parameters as possible predic-
tors for CSH: gender, age, antiplatelet (AP) therapy, VKA therapy,
international normalized ratio (INR), CIED type, surgery type, and
operator volume. Patients were considered to receive AP therapy
when treated with aspirin within 10days before surgery or when
treated with clopidogrel within the last 5days. AP therapy was di-
vided into four groups: no AP therapy, aspirin, clopidogrel, and com-
bined aspirin and clopidogrel (DAPT). A heparin group was formed
by patients that within the last 24 h before surgery received unfrac-
tionated heparin, low molecular weight heparin, or fondaparinux.
INR was used to categorize warfarin treatment in three groups: INR
<1.2 (no warfarin), 1.3-1.9, or 22.0. Data on direct oral anticoagu-
lants (dabigatran, rivaroxaban, apixaban, and edoxaban) was not in-
cluded, since our data derives from the time before common usage
of these medications.

CIED types were categorized as single- and dual-chamber pace-
makers, cardiac resynchronization therapy device with (CRT-D) or
without defibrillator (CRT-P), single-chamber implantable cardio-
verter defibrillator (ICD), and dual-chamber ICD. Surgery type con-
sisted of three groups: first implant, generator replacement, and
surgical change of pacing mode (system upgrade) or lead revision.
Operator volume was defined as average annual surgery number of
each operator for the period ranging from one year prior to start of
study period to end of study and was divided into two groups: low-
operator (0-49 surgeries/year) and high operator (250 surgeries/

year). Categorization of all potential predictors was pre-specified.

2.5 | CIED surgery and follow up

CIED surgery and follow-up of CIED patients are performed in 14
centers in Denmark. The Danish population includes 5.6 million peo-
ple. Electrophysiologists or cardiologists perform all transvenous
CIED surgery. Generators are routinely placed subcutaneously, with
only few placed submuscular. Leads are implanted through either
cephalic vein cut-down or subclavian vein puncture. Prophylactic
antibiotic treatment is used for all patients. AP and VKA treatment
follow this protocol: No heparin therapy from the day before sur-
gery until 2days after surgery. VKA therapy is discontinued from
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0-3days prior to the CIED surgery (defined as continued VKA ther-
apy). AP therapy is continued. To secure hemostasis during surgery,
most centers use bipolar electro cautery and a pressuring dressing
afterwards, but the choice is at the operator's discretion. Routinely,
no local antibiotics were used in any center.

2.6 | Statistical analysis

Absolute risk of CSH was reported according to baseline characteris-
tics. Odds ratios (OR) with 95% confidence intervals were generated
to describe the association between selected covariates and CSH.
Multiple logistic regression analysis was used to adjust for a priori
selected confounders (gender, age, AP therapy, heparin, INR, CIED
type, surgery type, and operator volume). A p-value <.05 was con-
sidered statistically significant. Statistical analysis was performed
using STATA IC for Windows, version 11.2 (StataCorp).

3 | RESULTS

3.1 | Study cohort and baseline characteristics

A total of 5942 patients underwent CIED surgery during the study
period. We excluded 24 patients receiving epicardial systems, leav-
ing a final study population of 5918 patients. Baseline clinical and
demographic characteristics of the population are shown in Table 1.
Mean age at implantation was 72.6years. Few patients received
heparin prior to surgery. Table 2 shows AP and VKA therapy accord-
ing to device type.

3.2 | Riskof CSH

A total of 345 patients (5.8%) developed a pocket hematoma. For
197 (3.3%) patients this was without treatment consequences, while
148 (2.5%) patients had CSH. Figure 1 shows treatment conse-
quences for patients with CSH. The most common consequence of
CSH was prolonged hospitalization (n = 78, 1.3%), typically 1-2 days.
Ten patients (0.2%) required re-operation with hematoma evacua-
tion because of severe pain or leakage from the wound. Of the 10
patients in this group, two received no VKA or AP therapy, four re-
ceived aspirin, three received DAPT therapy and one received VKA

therapy (INR 2 2). No patient needed blood transfusion.

3.3 | Predictors of CSH

We identified several independent predictors of CSH, Figure 2.
Patients on AP therapy with aspirin (aOR 1.8; 1.2-2.7) or DAPT
therapy (@aOR 3.9; 2.3-6.5) had significantly higher risk of CSH than
patients with no AP therapy. Heparin also increased CSH risk (aOR
2.1; 1.1-4.1). Furthermore, patients with INR>2.0 had a higher risk

of CSH (aOR 2.0; 1.2-3.2). A total of 51 patients had INR> 3.0 with
one patient experiencing CSH, which needed additional out-patient
visits. INR between 1.3 and 1.9 was not significantly associated with
CSH compared with INR<1.2.

Supplemental analysis showed that triple therapy with antico-
agulants, aspirin, and clopidogrel (n = 56), carried a significantly in-
creased risk of CSH (aOR 3.7; 1.5-8.9).

Patients operated by low-volume operators (aOR 2.7; 1.6-4.6)
and patients with more complex CIEDs (CRT-D and dual-chamber
ICD) were significantly more likely to develop CSH. We found no
association between gender, age, or surgery type and CSH.

3.4 | Stroke
Within 30days after implantation, a total of 24 patients (0.4%) were
hospitalized with stroke, classified as ischaemic stroke (n = 14; 0.24%),
intracerebral hemorrhagic stroke (n = 4; 0.07%), or stroke of unspeci-
fied origin (n = 6; 0.10%). Three of these 24 patients previously had
stroke. One patient had CSH needing prolonged hospitalization.
Among the 24 stroke patients, six were on VKA therapy; they
all had INR 1.3-1.9, and three were on additional aspirin. No stroke
patients had INR>2 at the time of CIED surgery. Nine stroke pa-
tients were on aspirin and four were treated with DAPT therapy.
One patient was treated with heparin, while four patients had no
VKA or AP treatment.

4 | DISCUSSION

The present study provides detailed and validated data on risk and
predictors of CSH after CIED surgery in a large nationwide, real-life
cohort of consecutive CIED patients. Risk of CSH was 2.5%, yet
rarely needing evacuation. CSH risk was increased both in patients
receiving aspirin, DAPT therapy or continued VKA therapy. DAPT
therapy had the highest risk (aOR) of CSH. Both low operator vol-
ume and more complex CIED surgery were independently associ-
ated with higher CSH risk.

41 | Riskof CSH

The incidence of CSH was 2.5%. This is consistent with recent studies
reporting an incidence ranging from 1.2%-7.3%.17 Importantly, dif-
ferent definitions of CSH among older studies make comparisons dif-
ficult. The risk of re-operation due to CSH was very low (0.2%), likely
a result of strict conservative treatment strategy whenever possible.

4.2 | Predictors of CSH

Our study shows that single AP therapy with aspirin carries a two-
fold increased risk of CSH. Conflicting data on this matter has been
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TABLE 1 Baseline clinical and

demographic characteristics.

Gender
Male
Female
Age, mean (SD)
Antiplatelet therapy
No therapy
Aspirin
Clopidogrel
Aspirin and clopidogrel
Heparin
No
Yes
INR
<1.2
1.3-1.9
22
CIED type
PM (single- and dual chamber)
CRT-P
CRT-D
Single-chamber ICD
Dual-chamber ICD
Surgery type
New implant

Generator replacement

System upgrade or lead revision

Operator volume
Low (0-49/year)
High (=50/year)

Souwnal ’y’ ' O%Z/gylé//
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Total No CSH CSH

(n =5918) (n = 5770) (n=148)

n % n % n %
3707 63 3611 63 96 65
2211 37 2159 37 52 35
72.62 13.7 726 13.7 73.66 114
2726 46 2684 47 42 28
2590 44 2517 44 73 49
110 108 2 1
492 461 8 31 21
5739 97 5601 97 138 93
179 3 169 3 10 7
4545 77 4443 77 102 69
786 13 763 13 23 16
587 10 564 10 23 16
4189 71 4101 71 88 59
209 4 205 4 4 3
445 424 21 14
684 12 668 12 16 11
391 7 372 6 19 13
4355 74 4242 74 113 76
1136 19 1115 19 21 14
427 7 413 7 14 9
349 6 332 6 17 11
5569 94 5438 94 131 89

Note: Categorical variables are reported as absolute frequencies and percentages.Abbreviations:
CIED, cardiac implantable electronic device; CRT-D, cardiac resynchronization therapy devices
with defibrillator; CRT-P, cardiac resynchronization therapy devices without defibrillator;

CSH, Clinically significant pocket hematoma; ICD, implantable cardioverter defibrillator; INR,
international normalized ratio; PM, pacemaker.

TABLE 2 Antiplatelet and anticoagulant therapy according to device type.

INR Antiplatelet therapy Heparin

n (%) n (%) n (%)
Type of device <1.2 22 No Asprin Clopidogrel DAPT No Yes
PM 3242 (77.4) 345(8.2) 2170 (51.8) 1749 (41.8) 71(1.7) 199 (4.8) 4056 (96.8) 133(3.2)
CRT-P 147 (70.3) 37 (17.7) 106 (50.7) 89 (42.6) 2(1.0) 12 (5.7) 207 (99.0) 2(1.0)
CRT-D 301 (67.6) 84 (18.9) 107 (24.0) 264 (59.3) 7 (1.6) 67 (15.1) 431 (96.9) 14 (3.2)
Single-chamber ICD 559 (81.7) 66 (9.7) 217 (31.7) 307 (44.9) 24 (3.5) 136 (19.9) 670(98.0) 14 (2.1)
Dual-chamber ICD 296 (75.7) 55(14.1) 126 (32.2) 181 (46.3) 6(1.5) 78 (20.0) 375 (95.9) 16 (4.1)

Abbreviations: AP, antiplatelet; CRT-D, cardiac resynchronization therapy devices with defibrillator; CRT-P, cardiac resynchronization therapy devices
without defibrillator; DAPT, dual antiplatelet therapy; ICD, implantable cardioverter defibrillator; INR, international normalized ratio; PM, pacemaker.
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FIGURE 1 Treatment consequences

Re-operation

Hospital re-admission

Additional out-patient visit _—{ n=41

for patients with clinical significant
hematoma.

00 02 04 0.6 08 1.0 12

Adjusted Odds Ratio

Risk (%)
FIGURE 2 Risk and predictors of
Risk aOR P value clinical significant hematomas.
(%) (95% ClI)
Gender
Male 2.6 Reference
Female HH 24 1.1(0.8-1.5) 0.68
Age * 1.0(1.0-1.0) 0.17
Antiplatelet therapy
No therapy 1.5 Reference
Aspirin —o— 2.8 1.8(1.2-2.7)  0.004
Clopidogrel —o———— 1.8 1.2(0.3-5.0) 0.82
Aspirin and clopidogrel F—&—+ 63 3.9(2.3-6.5) <0.001
Heparin
No 24 Reference
Yes —o—H 5.6 2.1(1.1-4.1)  0.03
INR
<1.2 2.2 Reference
1.3-1.9 -— 2.9 1.4(0.9-22) 0.17
22.0 F—o— 3.9 2.0(1.2-3.2)  0.005
CIED type
PM 21 Reference
CRT-P —o— 1.9 1.0 (0.4-2.8)  1.00
CRT-D —o— 4.7 2.0(1.1-3.5)  0.02
Single-chamber ICD — 2.3 1.1(0.6-2.0) 0.75
Dual-chamber ICD —e— 4.9 21(1.2-3.8) 0.01
Procedure type
New implant 2.6 Reference
Generator replacement o 1.9 0.8(0.5-1.3) 0.37
System upgrade or lead revision #— 3.3 1.1(0.6-1.9) 0.85
Operator volume
0-49 —eo—H 4.9 2.7 (1.6-4.6)  <0.001
250 2.6 Reference
T — T T
0o 1 2 3 4 5 6 7

published.>#¢71619.24-26 yowever, the BRUISE CONTROL study!
correspondingly found aspirin to be an independent predictor of
CSH (RR 2.04; 1.19-3.48), and a subsequent combined analysis of
BRUISE CONTROL 1 and 2 concluded that concominant antiplatelet
therapy doubles the risk of CSH.?” When taking into consideration
the widespread use of aspirin, especially among older adults,?® the
patient specific benefit/risk of holding aspirin when undergoing
elective or semi-urgent CIED surgery, should be carefully considered.

Single AP therapy with clopidogrel was not associated with CSH
in the present study, possibly reflecting that this patient group was
relatively small in our cohort. Previous data on this matter are limited
and inconsistent.®16:1%:25.29

We found a four-fold increased risk of CSH in patients treated
with both aspirin and clopidogrel. This is consistent with reports
from other studies. A meta-analysis by Bernard et al. reports a five-

fold increased risk of bleeding complications (OR 5.0),%* while a
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meta-analysis by Yang et al. reports an almost seven-fold increase
(OR 6.84).1° Several other studies support these findings.>*1%2¢:29-31
Expert consensus statements suggest short preoperative pausing
of clopidogrel while taken the indication for DAPT therapy into
consideration.?

Our results showed no increased risk of CSH in patients with
INR 1.3-1.9 compared with patients with INR < 1.2. Patients with
INR 22 had a two-fold increased risk. These results are similar to

findings by Nammas et al.%®

Other studies even report that INR
values in therapeutic levels have no significant effect on risk of
CSH.24313334 \When extrapolating our data to current patient
groups, understanding the risk of CSH in patients treated with
continued VKA versus direct oral anticoagulants is important. The
combined analysis of BRUISE CONTROL 1 and 2 recently found
no difference in CSH between continued VKA and direct oral
anticoagulants.?’

Triple therapy with VKA, aspirin, and clopidogrel was associated
with a high risk of CSH. Likewise, other studies report a 6-14-fold
increased risk.” The indication for triple therapy should be carefully
evaluated before CIED surgery.

A small number of patients in the present study received hep-
arin. As expected, this group of patients showed an increased
risk of developing CSH. However, prior studies have reported
the bleeding risk of heparin to be considerably higher (increased
4-8-fold).3*?1718242531 Tha |ower risk of CSH in this study may
be attributed to thorough securing of hemostasis and a strict post-
surgery regime with immobilization and pressure dressing. However,
based on the size of this group in the present cohort, our estimate of
risk may be uncertain, and heparin therapy is still to be considered a
relative contraindication for CIED surgery.

High-complexity CIED surgery such as CRT-D and dual-chamber
ICD were associated with significantly higher CSH risk. This is likely
explained by multiple leads, higher lead rigidity, larger device vol-
ume, and longer procedure time as substantiated by previous stud-
jes.”8162535 However, the indication for a more complex CIED
usually is a more complex underlying heart disease and treatment,
which places this group of patients at a higher risk of developing
CSH. As shown in Table 2, AP and VKA therapy are more frequent
with complex CIED types, which likely reflects the more complex
underlying disease. To reduce the risk of confounding by indication
we adjusted for AP and VKA.

Consistent with other studies, we observed that an annual op-
erator volume<50 surgeries was associated with increased risk
of CSH.” This finding supports that a reasonably high annual op-
erator volume is important for minimizing CIED surgery related
complications.

We found no difference in risk of CSH between different sur-
gery types. Few data exist on this topic. However, it is reported that
upgrading from pacemaker to ICD is associated with a significant,
independent higher risk of CSH.2

Gender and age were found to be of no independent influence on

risk of CSH, consistent with the majority of previous studies.”?>%¢

Sowwnal of Ctviloglhmia

4.3 | Stroke
Our results showed a low incidence (0.4%) of any type of stroke
within the first 30days after CIED surgery. Our findings are consist-
ent with stroke risk (0.0%-0.4%) reported in previous studies,’824
and further supported by three different meta-analyses on hepa-
rin bridging versus continued VKA strategy showing that the risk of
thromboembolic events after CIED or other elective surgeries does
not differ significantly between the two groups.“"z“’36 One study
even suggests that continued VKA therapy reduces risk of throm-
boembolic events.!®

Six stroke patients were on VKA therapy, and they all had sub-
therapeutic INR levels (INR 1.3-1.9). No patient in therapeutic levels
(INR>2) at the time of surgery suffered from stroke.

These findings support the safety of continued VKA therapy and
a target INR in therapeutic level prior to CIED surgery.

4.4 | Study limitations
We cannot rule out influence of confounders not included in the
adjusted analysis. Previous studies have found venous access,? co-

831 816 and chronic kidney dis-

agulopathy, structural heart disease,
ease®” to influence the risk of hematoma. Importantly, our analysis
included only pre-specified variables, and we included a large, con-
secutive, nationwide cohort of CIED patients.

Our data derives from the time before common usage of direct
oral anticoagulants (dabigatran, rivaroxaban, apixaban, and edox-
aban) and adequate data on periprocedural management of patients
treated with these drugs must be found elsewhere.?”%® Also, the
present study does not include data on the optimal perioperative

management of prasugrel and ticagrelor.

5 | CONCLUSION

In a large nationwide cohort of consecutive patients undergoing
CIED surgery, the risk of CSH was 2.5%, yet rarely needing evacu-
ation. CSH risk was increased both in patients receiving aspirin,
DAPT therapy or continued VKA therapy. DAPT therapy had the
highest risk (aOR) of CSH. Both low operator volume and more
complex CIED surgery were independently associated with higher
CSH risk. These data should be considered when planning CIED

surgery.

AUTHORS' CONTRIBUTIONS

Data collection was preformed by Rikke Esberg Kirkfeldt.
Statistical analyses were performed Sie Kronborg Fensman and
Rikke Esberg Kirkfeldt. The first draft of the manuscript was
written by Sie Kronborg Fensman. All authors critically reviewed
the manuscript for intellectual contentand approved the final

manuscript.



FENSMAN ET AL.

EI_WI LEY— Souwal ‘0/ o byt ”

FUNDING INFORMATION
This work was supported by grants from the Danish Pacemaker and
ICD Register and grants from Central Denmark Region Research

Foundation.

CONFLICT OF INTEREST

During the conduct of the study, Kirkfeldt RE received grants from
Danish Pacemaker and ICD Register, and from Central Denmark
Region Research Foundation. Outside the submitted work, Grove
EL has received speaker honoraria or consultancy fees from
AstraZeneca, Bayer, Boehringer Ingelheim, Bristol-Myers Squibb,
Pfizer, MSD, MundiPharma, Portola Pharmaceuticals, Lundbeck
Pharma and Organon and is an investigator in clinical studies spon-
sored by AstraZeneca and Bayer and has received unrestricted re-
search grants from Boehringer Ingelheim. Nielsen JC has received
grants from Novo Nordisk Foundation (NNF160C0018658). The
remaining authors have nothing to declare.

DATA AVAILABILITY STATEMENT

Available upon reasonable request to the corresponding author.

ETHICS APPROVAL

The Danish Data Protection Board, the DPIR (Danish Pacemaker and
ICD register) Steering Committee, and all participating centers ap-
proved the study. According to Danish law, ethical committee ap-

proval is not required for registry-based studies on anonymized data.

CONSENT TO PARTICIPATE AND FOR PUBLICATION
According to Danish law, individual consent for participation and
publication is not required for registry-based studies on anonymized
data.

ORCID

Sie Kronborg Fensman "= https://orcid.org/0000-0003-1726-7652

REFERENCES

1. Birnie DH, Healey JS, Wells GA, Verma A, Tang AS, Krahn AD, et al.
Pacemaker or defibrillator surgery without interruption of antico-
agulation. N Engl J Med. 2013;368(22):2084-93.

2. Masiero S, Connolly SJ, Birnie D, Neuzner J, Hohnloser SH, Vinolas
X, et al. Wound haematoma following defibrillator implantation:
incidence and predictors in the shockless implant evaluation
(SIMPLE) trial. Europace. 2017;19(6):1002-6.

3. KohY, Bingham NE, Law N, le D, Mariani JA. Cardiac implantable
electronic device hematomas: risk factors and effect of prophylactic
pressure bandaging. Pacing Clin Electrophysiol. 2017;40(7):857-67.

4. ZacaV, Breschi M, Mandorli A, Panchetti L, Ricciardi G, Viani S,
et al. Rationale, study design, and pilot phase of tHE management
of AntiThrOMbotic therApy (HEMATOMA) in patients undergoing
electrophysiological device surgery: Italian National Multicenter
Observational REgistry. J Cardiovasc Med (Hagerstown).
2017;18(11):897-9.

5. Sridhar AR, Yarlagadda V, Kanmanthareddy A, Parasa S,
Maybrook R, Dawn B, et al. Incidence, predictors and outcomes
of hematoma after ICD implantation: an analysis of a nationwide
database of 85,276 patients. Indian Pacing Electrophysiol J.
2016;16(5):159-64.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

Notaristefano F, Angeli F, Verdecchia P, Zingarini G, Spighi L,
Annunziata R, et al. Device-pocket hematoma after cardiac im-
plantable electronic devices. Circ Arrhythm Electrophysiol.
2020;13(4):e008372.

Ferretto S, Mattesi G, Migliore F, Susana A, de Lazzari M, lliceto S,
et al. Clinical predictors of pocket hematoma after cardiac device
implantation and replacement. J Cardiovasc Med (Hagerstown).
2020;21(2):123-7.

Sridhar AR, Yarlagadda V, Yeruva MR, Kanmanthareddy A, Vallakati
A, Dawn B, et al. Impact of haematoma after pacemaker and CRT de-
vice implantation on hospitalization costs, length of stay, and mor-
tality: a population-based study. Europace. 2015;17(10):1548-54.
Wiegand UK, Leleune D, Boguschewski F, Bonnemeier H,
Eberhardt F, Schunkert H, et al. Pocket hematoma after pacemaker
or implantable cardioverter defibrillator surgery: influence of pa-
tient morbidity, operation strategy, and perioperative antiplatelet/
anticoagulation therapy. Chest. 2004;126(4):1177-86.
Kewcharoen J, Kanitsoraphan C, Thangjui S, Leesutipornchai T,
Saowapa S, Pokawattana A, et al. Postimplantation pocket hema-
toma increases risk of cardiac implantable electronic device infec-
tion: a meta-analysis. J Arrhythm. 2021;37(3):635-44.

Polyzos KA, Konstantelias AA, Falagas ME. Risk factors for cardiac
implantable electronic device infection: a systematic review and
meta-analysis. Europace. 2015;17(5):767-77.

Douketis JD, Spyropoulos AC, Spencer FA, Mayr M, Jaffer AK,
Eckman MH, et al. Perioperative management of antithrombotic
therapy: antithrombotic therapy and prevention of thrombosis, 9th
ed: American College of Chest Physicians Evidence-Based Clinical
Practice Guidelines. Chest. 2012;141(2 Suppl):e3265-50S.

Glikson M, Nielsen JC, Kronborg MB, Michowitz Y, Auricchio A,
Barbash IM, et al. 2021 ESC guidelines on cardiac pacing and cardiac
resynchronization therapy. Eur Heart J. 2021;42(35):3427-520.
Sticherling C, Marin F, Birnie D, Boriani G, Calkins H, Dan GA, et al.
Antithrombotic management in patients undergoing electrophysi-
ological procedures: a European heart rhythm association (EHRA)
position document endorsed by the ESC working group thrombo-
sis, Heart Rhythm Society (HRS), and Asia Pacific Heart Rhythm
Society (APHRS). Europace. 2015;17(8):1197-214.

Sant'anna RT, Leiria TL, Nascimento T, Sant'anna JR, Kalil RA,
Lima GG, et al. Meta-analysis of continuous oral anticoagulants
versus heparin bridging in patients undergoing CIED surgery:
reappraisal after the BRUISE study. Pacing Clin Electrophysiol.
2015;38(4):417-23.

Yang X, Wang Z, Zhang Y, Yin X, Hou Y. The safety and efficacy of
antithrombotic therapy in patients undergoing cardiac rhythm de-
vice implantation: a meta-analysis. Europace. 2015;17(7):1076-84.
Douketis JD, Healey JS, Brueckmann M, Eikelboom JW, Ezekowitz
MD, Fraessdorf M, et al. Perioperative bridging anticoagulation
during dabigatran or warfarin interruption among patients who
had an elective surgery or procedure. Substudy of the RE-LY trial.
Thromb Haemost. 2015;113(3):625-32.

Malagli M, Trevisan F, Scalone A, Marcantoni L, Sammarco G,
Bertini M. Frequency of "pocket" hematoma in patients receiving
vitamin K antagonist and antiplatelet therapy at the time of pace-
maker or cardioverter defibrillator implantation (from the POCKET
study). Am J Cardiol. 2017;119(7):1036-40.

Mehta NK, Doerr K, Skipper A, Rojas-Pena E, Dixon S, Haines DE.
Current strategies to minimize postoperative hematoma formation
in patients undergoing cardiac implantable electronic device im-
plantation: a review. Heart Rhythm. 2021;18(4):641-50.

Kirkfeldt RE, Johansen JB, Nohr EA, Jorgensen OD, Nielsen JC.
Complications after cardiac implantable electronic device implan-
tations: an analysis of a complete, nationwide cohort in Denmark.
Eur Heart J. 2014;35(18):1186-94.

Lynge E, Sandegaard JL, Rebolj M. The Danish National Patient
Register. Scand J Public Health. 2011;39(7 Suppl):30-3.


https://orcid.org/0000-0003-1726-7652
https://orcid.org/0000-0003-1726-7652

FENSMAN ET AL.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

Pedersen CB. The Danish civil registration system. Scand J Public
Health. 2011;39(7 Suppl):22-5.

De Sensi F, Miracapillo G, Cresti A, Severi S, Airaksinen KE.
Pocket hematoma: a call for definition. Pacing Clin Electrophysiol.
2015;38(8):909-13.

Bernard ML, Shotwell M, Nietert PJ, Gold MR. Meta-analysis of
bleeding complications associated with cardiac rhythm device im-
plantation. Circ Arrhythm Electrophysiol. 2012;5(3):468-74.
Kutinsky IB, Jarandilla R, Jewett M, Haines DE. Risk of hematoma
complications after device implant in the clopidogrel era. Circ
Arrhythm Electrophysiol. 2010;3(4):312-8.

Said SM, Esperer HD, Hahn J, Bollmann A, Richter S, Rauwolf T, et al.
Influence of oral antiplatelet therapy on hemorrhagic complications
of pacemaker implantation. Clin Res Cardiol. 2013;102(5):345-9.
Essebag V, Healey JS, Joza J, Nery PB, Kalfon E, Leiria TLL,
et al. Effect of direct Oral anticoagulants, warfarin, and antiplate-
let agents on risk of device pocket hematoma: combined analy-
sis of BRUISE CONTROL 1 and 2. Circ Arrhythm Electrophysiol.
2019;12(10):e007545.

Christensen MB, Jimenez-Solem E, Ernst MT, Schmidt M, Pottegard
A, Grove EL. Low-dose aspirin for primary and secondary preven-
tion of cardiovascular events in Denmark 1998-2018. Sci Rep.
2021;11(1):13603.

Cano O, Osca J, Sancho-Tello MJ, Olague J, Castro JE, Salvador A.
Morbidity associated with three different antiplatelet regimens in
patients undergoing implantation of cardiac rhythm management
devices. Europace. 2011;13(3):395-401.

Nammas W, Raatikainen MJP, Korkeila P, Lund J, Ylitalo A,
Karjalainen P, et al. Predictors of pocket hematoma in patients on
antithrombotic therapy undergoing cardiac rhythm device implan-
tation: insights from the FinPAC trial. Ann Med. 2014;46(3):177-81.
Chen HC, Chen YL, Guo BF, Tsai TH, Chang JP, Pan KL, et al.
Thrombocytopenia, dual antiplatelet therapy, and heparin bridg-
ing strategy increase pocket hematoma complications in patients
undergoing cardiac rhythm device implantation. Can J Cardiol.
2013;29(9):1110-7.

Burri H, Starck C, Auricchio A, Biffi M, Burri M, D'Avila A,
et al. EHRA expert consensus statement and practical guide on
optimal implantation technique for conventional pacemakers and

33.

34.

35.

36.

37.

38.

D o . 755
Sowwal of C’/%z/gyl_wl LEYJ_

implantable cardioverter-defibrillators: endorsed by the Heart
Rhythm Society (HRS), the Asia Pacific Heart Rhythm Society
(APHRS), and the Latin-American Heart Rhythm Society (LAHRS).
Europace. 2021;23(7):983-1008.

Giudici MC, Paul DL, Bontu P, Barold SS. Pacemaker and implant-
able cardioverter defibrillator implantation without reversal of war-
farin therapy. Pacing Clin Electrophysiol. 2004;27(3):358-60.
Tompkins C, Cheng A, Dalal D, Brinker JA, Leng CT, Marine JE,
et al. Dual antiplatelet therapy and heparin "bridging" significantly
increase the risk of bleeding complications after pacemaker or im-
plantable cardioverter-defibrillator device implantation. J Am Coll
Cardiol. 2010;55(21):2376-82.

Lee DS, Krahn AD, Healey JS, Birnie D, Crystal E, Dorian P, et al.
Evaluation of early complications related to De novo cardioverter
defibrillator implantation insights from the Ontario ICD database. J
Am Coll Cardiol. 2010;55(8):774-82.

Siegal D, Yudin J, Kaatz S, Douketis JD, Lim W, Spyropoulos AC.
Periprocedural heparin bridging in patients receiving vitamin K
antagonists: systematic review and meta-analysis of bleeding and
thromboembolic rates. Circulation. 2012;126(13):1630-9.

Essebag V, Proietti R, Birnie DH, Wang J, Douketis J, Coutu B,
et al. Short-term dabigatran interruption before cardiac rhythm
device implantation: multi-Centre experience from the RE-LY trial.
Europace. 2017;19(10):1630-6.

Essebag V, Healey JS, Ayala-Paredes F, Kalfon E, Coutu B, Nery P,
et al. Strategy of continued vs interrupted novel oral anticoagulant
at time of device surgery in patients with moderate to high risk of
arterial thromboembolic events: the BRUISE CONTROL-2 trial. Am
Heart J. 2016;173:102-7.

How to cite this article: Fensman SK, Grove EL, Johansen JB,

Jgrgensen OD, Frausing MHJ & Kirkfeldt RE et al. Predictors

of pocket hematoma after cardiac implantable electronic
device surgery: A nationwide cohort study. J Arrhythmia.
2022;38:748-755. https://doi.org/10.1002/joa3.12769



https://doi.org/10.1002/joa3.12769

	Predictors of pocket hematoma after cardiac implantable electronic device surgery: A nationwide cohort study
	Abstract
	1|INTRODUCTION
	2|METHODS
	2.1|Study design and study population
	2.2|Data sources
	2.3|Study outcomes
	2.4|Predictors of CSH
	2.5|CIED surgery and follow up
	2.6|Statistical analysis

	3|RESULTS
	3.1|Study cohort and baseline characteristics
	3.2|Risk of CSH
	3.3|Predictors of CSH
	3.4|Stroke

	4|DISCUSSION
	4.1|Risk of CSH
	4.2|Predictors of CSH
	4.3|Stroke
	4.4|Study limitations

	5|CONCLUSION
	AUTHORS' CONTRIBUTIONS
	FUNDING INFORMATION
	CONFLICT OF INTEREST
	DATA AVAILABILITY STATEMENT

	ETHICS APPROVAL
	CONSENT TO PARTICIPATE AND FOR PUBLICATION
	REFERENCES


