
Abstract
To compare the safetyand efficacy of warfarin
treatment continuation and heparin-bridging therapy
during cardiac rhythm device (CRD) implantation in
patients chronically treated with anticoagulants.We
performed a search and analysis of peer-reviewed
studies Four randomized controlled trials (RCTs)were
included in our analysis with 941 patients. The bleeding
risk in patients continuing warfarin perioperatively was
lower than those interrupting warfarin and using a
heparin-bridge (RD -0.08, 95% CI -0.17 to 0.02, p<0.05).
There was no significant difference in ischaemic risk
between two methods (RD 0, 95% CI -0.01 to 0.02,
p=1.00). Hence, in patients undergoing long-term
warfarin therapy, continuation of warfarin treatment is
a safe and efficacious perioperative strategy for during
CRD implantations, while interruption of warfarin with
a heparin bridge may increase the bleeding risk in
these patients.

Keywords: Warfarin, Pacemaker, Artificial, Perioperative
period.

Introduction
Warfarin is a widely used anti-coagulant used in the
prevention of thrombosis and thromboembolism
typically associated with a number of cardiovascular
diseases including atrial fibrillation (AF), prosthetic valves,
deep vein thrombosis (DVT), pulmonary embolisation
(PE) and intra-cavity thrombosis.1-3 Increasingly, more and
more patients undergoing long-term warfarin therapy
require implantation of cardiac rhythm devices (CRDs),
with peri-procedural management of anti-coagulation
therapy representing a common clinical challenge for all
cardiologists during implantation.4 Peri-operative
management strategies of patients with long-term anti-
coagulation therapy involve continuation and
interruption approaches.5 However, the choice of strategy
remains controversial. Current guidelines recommend

discontinuation of warfarin therapy with heparin bridging
in patients indicated for surgery,6 which could decrease
the risk of bleeding and thromboembolic events,
increasing procedural safety.7 However, some studies
have implied that interruption of warfarin treatment may
be inappropriate during some procedures, including CRD
implantations.8-10

It has been reported that continuing warfarin therapy
during pacemaker implantation could be safer than
interrupting treatment.9,11-14 Furthermore, recent studies
have suggested that heparin bridging in patients with
long-term anti-coagulation therapy may increase
bleeding risk.13,15-18 Despite these findings, large
randomised controlled trials (RCTs) comparing
continuation or interruption of warfarin treatment during
CRD implantation are still few.

The current meta-analysis of all recent RCTs was
conducted to determine whether continuation of
warfarin treatment or interruption with heparin bridging
is more efficacious during CRD implantation.

Material and Methods
The meta-analysis study comprised search of all peer-
reviewed studies published prior to March 2014. We
searched PubMed and EMBASE databases. Keywords and
phrases used in the search included "pacemaker" and
"warfarin" or "implantable cardioverter defibrillator" and
"warfarin" or "cardiac resynchronisation therapy" and
"warfarin". Reference lists from published papers were
searched for any additional studies missed in the online
search.

The inclusion criteria for the meta-analysis were RCTs
involving patients on long-term warfarin; indication for
CRD implantation; examination of continuous versus
interrupted (heparin-bridge) therapy; and studies
comparing bleeding (e.g. pocket hematoma) and
ischaemic events.

Two independent reviewers reviewed all publications to
determine if they met the inclusion criteria. A third
reviewer was called upon to resolve disagreements.
Studies were then finalised as having met the inclusion
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criteria (Figure-1). From each study included, the total
number of participants indicated for continuation or
interruption with bridging therapy was recorded in
addition to follow-up time.

Clinically significant pocket haematoma was defined
based on meeting at least one of the following criteria: a
diameter over 2cm, requiring interruption of anti-
coagulation, causing prolonged hospitalisation, or
requiring extra treatments. Ischaemic events included
stroke, transient ischaemic attack (TIA), or evidence of
peripheral arterial ischaemia. Pacemaker, implantable
cardioverter defibrillator (ICD), or cardiac
resynchronisation therapy (CRT) implantation, as well as
exchange or upgrade of these devices were included in
as studied procedures. Details of the implantation
procedure were not outlined in all the studies, including
outlining the methods of stopping local bleeding in
procedure, experience of the operators or post-
operative care.

A random-effect model was used to summarise the
results when the heterogeneity was high or medial,
otherwise a fixed-effect model was used. Risk difference
(RD) was used to measure effects of intervention
(continuous warfarin or heparin bridge) on the incidence
of pocket haematomas and ischaemic events. The
combined results were drawn by fixed- or random-effect
model as described by Dirsimonian and Laird.19 The Q
test and I2 index were used to check for statistical
heterogeneity. I2 <25% was taken as low heterogeneity,
while I2 between 25% and 50% and >50% were taken as

medial and high heterogeneity respectively. Data
analysis was performed by Review Manager 5.2
(Cochrane Centre, Copenhagen, Denmark) and p<0.05
was deemed statistically significant.

Results
The search identified 725 articles and 61(8.4%) were
retrieved in full text as they seemed to meet the
inclusion criteria. After further review, 4(6.5%) of them
were taken up for the purpose of the current study18,20-

22 (Table-1). Together they comprised 941 patients In all
the studies, warfarin discontinuance patients were
given a heparin bridging therapy except for one, in
which only 7 patients were given bridging. Heparin or
low molecular heparin was used for the bridging
treatment in 423(45%) of the total cases. The indications
for chronic warfarin included atrial fibrillation,
prosthetic valve, pre-existing clot (e.g. DVT, pulmonary
embolism, stroke and intra-cavity thrombi),
thrombophilia and heart failure, (Table-2). The most
common indication of anti-coagulation was atrial
fibrillation in 819(87%) patients, with some patients
having multiple indications. Different CRD procedures,
including pacemaker, ICD and CRT, were reviewed in our
analysis, including 644(68.4%) new implantation cases
and 431(46%) cases of exchanging and updating for
pacemakers.

All the 4 studies reported on bleeding events following
continuation or interruption of warfarin treatment with
heparin bridging. Haematoma was the most common and
important bleeding event. In all cases, clinically significant
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Table-1: Study Characters.

Design Subjects Continuing Bridging Follow up(weeks)

Alen Cheng 2011(20)* RCT 100 50 7 6
David H Birnie 2013(21) RCT 659 334 325 2
Jose M Tolosana 2009(18) RCT 101 50 51 6
Dragan J Milic 2005(22) RCT 81 41 40 8

*Only 7 patients were treated with bridging approach, while 43 patients were treated with discontinuing warfarin without heparin.
RCT: Randomised controlled trial.

Table-2 Indication of Warfarin and Procedure Information.

Indication for warfarin Preoperative INR Procedure
AF#(%) Prosthetic Vavle(%) Preexsiting Clot*(%) Continuing Bridging new implant replacement/upgrade

Alen Cheng 2011 65 (65%) 18 (18%) 1 (1%) 1.4-3.0 1.0-1.6 44 56
David H Birnie 2013 603(91%) 203 (31%) 37 (6%) 2.0-2.6 1.1-1.3 308 353
Jose M Tolosana 2009 79 (78%) 54 (53%) 4 (4%) 1.7-2.3 0.9-1.3 79 22
Dragan J Milic 2005 72 (89%) 5 (6%) 45 (55%) Null Null 81 0

#AF-atrial fibrillation, *preexisting clot included patients with deep venous thrombosis(DVT), pulmonary embolus, or left ventricular clot; Null = data not reported.
INR: International normalised ratio.



pocket haematoma events happened in 155(16.5%) cases
(Figure-2). Considering the relatively high statistic
heterogeneity for haematoma events data (I2=60%), a
random-effect model was selected to combine results
from different studies. Warfarin continuation

management showed lower risk for haematoma
compared with bridging treatment (RD -0.08; 95%
confidence interval [CI] -0.17 to 0.02; p<0.05).

Among other complications reported were 2(0.2%)
pericardial effusion events; 1(0.1%) in each group.
Infections related to devices were observed in 9(0.9%)
patients; 2(0.2%) were on continuation therapy, and
7(0.7%) with the bridging therapy. One study reported
operative bleeding in 19(2%) patients, with 9(0.9%) being
in the continuing group.

Of all the patients, only 4(0.4%) cases developed
ischaemic events; 2(0.2%) with stroke and 2(0.2%) with
TIA.20-22 Three of the ischemic events occurred in
continuing treatment cohort, but the number is so small
that no statistic difference can be given. There were no
significant differences between the two kinds of
management in ischaemic events (RD 0; 95% CI -0.01 to
0.02; p=1.00) using the fixed effect model without an
obvious statistic heterogeneity (I2=0%) (Figure-3).

One of the 4(25%) studies reported in-hospital data,
with the continuation group showing a shorter
hospital stay.18 Additionally, a higher patient
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Figure-1: Flow diagram depicting search strategy and exclusion process.

Figure-2: Forrest plot comparing the incidence of clinical hematomas in continuous versus bridging therapy. Mean differences are calculated by random-effects meta-analysis and
weighted by estimated precision of the effect.

Figure-3: Forrest plot comparing the incidence of ischemic events in continuous versus bridging therapy.



satisfaction score in warfarin continuation group was
reported in 1(25%) study.21

Discussion
Our meta-analysis of RCTs reporting on continuation or
interruption of warfarin treatment with a heparin bridge
during CRD implantation procedures indicates that the
incidence of bleeding with warfarin continuation is
reduced, suggesting that this strategy offers a safer
approach compared to a heparin bridge in patients
undergoing chronic warfarin therapy.

Peri-operative management of patients with chronic anti-
coagulation therapy indicated for CRD implantation is a
common clinical problem. While current guidelines
recommend interruption of anti-coagulant therapy with
heparin bridging to reduce thromboembolic and bleeding
risk during surgery,6 there is conflicting evidence which
suggests that heparin bridging therapy may not only
increase bleeding risk,13,15-18 but that warfarin
continuation during CRD implantation may be safe.9,11-14

To understand the conflicting nature of these findings, we
focussed on published RCTs comparing the safety and
efficacy of continuation or interruption of warfarin therapy
with a heparin bridge during CRD implantation in patients
with long-term warfarin treatment. Analysis of RCTs
provides a more reliable approach compared to previous
studies,14,23 reducing both selection bias and reducing the
risk of spurious causality in the comparison of different
treatment strategies.

The major finding of our meta-analysis was that
continuation of warfarin treatment resulted in a lower
incidence of clinically significant bleeding events.
Pocket haematoma is the most common acute bleeding
event after implantation, accounting for 14% to 17% of
early re-operations24,25 with an incidence ranging
between 0%26 and 4.5%,27 independently of treatment.
The formation of pocket haematoma can lead to
obvious symptoms and secondary complications,
including pocket infection.

Our analysis implied that continuation of warfarin
during CRD implantation would reduce the pocket
haematoma risk compared to heparin bridging
strategy, while the risk of stroke or embolisation (e.g.
ischaemic events) and in-hospital stay showed no
significant differences between the two approaches.
This is in agreement with one study17 in which patients
receiving bridge therapy had a 5-fold and 10-fold
greater risk of pocket haematoma formation than
those undergoing warfarin treatment alone following
implantation. Other studies have suggested that
clinically significant bleeding and thromboembolic

events are rare using either warfarin strategy,28

providing further support that continuation of
warfarin during perioperative CRD implantation may
be preferable moving forward.

Although not included in our meta-analysis, many non-
RCT studies have drawn similar conclusions to our
analysis in that interruption of warfarin and heparin
bridging may increase the risk of bleeding after
implantation,9,13,29-31 while continuation of warfarin
might be both safe and efficacious during implantation
surgeries.9,11-14 While results are limited, continuation of
warfarin treatment may be extended to other
procedures. Specifically, it has been reported that
patients with different international normalised ratio
(INR) showed no significant differences in the incidence
of hematoma after open inguinal herniorrhaphy.32

Furthermore, technological advances have enhanced
haemostasis during invasive procedures, which could
balance the increased bleeding risk caused by elevated
INR to some extent. Therefore, it could be argued that
similar benefits could also exist during other procedures
which are less invasive. However, detailed guidelines
outlining procedural safety and success with such an
approach need to be discussed further.

In terms of limitations of the current study, there was
statistical heterogeneity on a medial level, which was
the reason why we used a random-effect model to
combine the results of bleeding events. Using this
method may increase the weighted differences between
trials when combining the data. Therefore, larger trials
comparing continuous therapy versus interruption of
warfarin during implantation procedures will provide
further evidence to help formulate informed surgical
guidelines. Furthermore, we only analysed studies that
focused on patients undergoing long-term warfarin
treatment. New oral anti-coagulants, including
dabigatran, rivaroxaban and apixaban, have been
developed and approved to prevent DVT and stroke
caused by AF. The shorter peak times and elimination
half-lives33 of these drugs may be superior to warfarin in
peri-operative management, but clinical trials looking
into the safety and efficacy of these drugs in patients on
long-term anti-coagulant therapy during implantation
procedures are currently lacking.

Conclusion
The meta-analysis suggests that warfarin continuation
was a safer approach compared to heparin-bridging for
CRD implantation in patients who were chronically
taking warfarin. The reduced incidence of pocket
haematoma events suggests that current guidelines
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may need to be updated to include continuation of
warfarin treatment as a strategy to reduce the risk of
bleeding and thromboembolic events during
implantation surgeries and to improve peri-operative
management.
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