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Aims To assess the incremental benefit of uninterrupted direct oral anticoagulants (DOACs) vs. uninterrupted vitamin K
antagonists (VKA) for catheter ablation (CA) of non-valvular atrial fibrillation (NVAF) on three primary outcomes:
major bleeding, thrombo-embolic events, and minor bleeding. A secondary outcome was post-procedural silent ce-
rebral infarction (SCI) as detected by brain magnetic resonance imaging.

...................................................................................................................................................................................................
Methods
and results

A systematic review of Medline, Cochrane, and Embase was done to find all randomized controlled trials (RCTs) in
which uninterrupted DOACs were compared against uninterrupted VKA for CA of NVAF. A fixed-effect model
was used, with the exception of the analysis regarding major bleeding events (I2 > 25), for which a random effects
model was used. The benefit of uninterrupted DOACs over VKA was analysed from four RCTs that enrolled a to-
tal of 1716 patients (male: 71.2%) with NVAF. Of these, 1100 patients (64.1%) had paroxysmal atrial fibrillation.
No significant benefit was seen in major bleeding events [risk ratio (RR) 0.54, 95% confidence interval (95% CI)
0.29–1.00; P = 0.05]. No significant differences were found in minor bleeding events (RR 1.11, 95% CI 0.82–1.52;
P = 0.50), thrombo-embolic events (RR 0.74, 95% CI 0.26–2.11; P = 0.57), or post-procedural SCI (RR 1.06, 95% CI
0.74–1.53; P = 0.74).

...................................................................................................................................................................................................
Conclusion An uninterrupted DOACs strategy for CA of NVAF appears to be as safe as uninterrupted VKA without a signifi-

cantly increased risk of minor or major bleeding events. There was a trend favouring DOACs in terms of major
bleeding. Given their ease of use, fewer drug interactions and a similar security and effectiveness profile, DOACs
should be considered first line therapy in patients undergoing CA for NVAF.
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Introduction

Non-valvular atrial fibrillation (NVAF) is the most common sustained
cardiac arrhythmia, with a significant impact on morbidity and mortal-
ity. Catheter ablation (CA) of atrial fibrillation (AF) is an effective thera-
peutic option in symptomatic, drug-refractory AF.1 Catheter ablation
is yet a challenging electrophysiology procedure, due to its technical
difficulty and the associated complication risks. Due to manipulation of
catheters and the creation of lesions in the left atrium (both of which
are in turn associated with an increased risk of local thrombus forma-
tion), patients undergoing this procedure have a considerable risk of
clinical stroke, transient ischaemic attack (TIA), or systemic embolism.
The reported incidence for this complication can be as high as 7%.2

The COMPARE study established uninterrupted warfarin as the
standard of care of patients undergoing CA of AF.1 This randomized
controlled trial (RCT) demonstrated that performing this procedure
without interrupting oral anticoagulation with warfarin was associ-
ated with a decreased risk of stroke and minor bleeding complica-
tions, as long as the international normalized ratio (INR) was kept
within the therapeutic range (2.0–3.0).1

After the introduction of direct oral anticoagulants (DOACs) sev-
eral studies have tried to establish their non-inferiority to vitamin K
antagonists (VKA) in CA of AF. Most have been observational, retro-
spective studies,3,4 or prospective registry studies.5,6 The VENTURE-
AF was the first RCT comparing uninterrupted DOAC (rivaroxaban)
to uninterrupted VKA.7 After this study, several others followed
suit.8–12 Based on these studies, the Heart Rhythm Society (HRS)/
European Heart Rhythm Association (EHRA) published their
updated expert consensus statement regarding catheter and surgical
ablation of AF in 2017.13 Following these recommendations, the cur-
rent standard of care involves the use of uninterrupted VKAs (INR
goal 2.0–3.0), uninterrupted dabigatran (Evidence Class IA), or unin-
terrupted rivaroxaban (Class I-BR).

Nonetheless, results from these studies are limited by a small sam-
ple size, as thousands of patients in each study arm would have been
required for a formal non-inferiority analysis with an acceptable confi-
dence interval. Consequently, a descriptive comparison approach
was followed, allocating just enough patients in each arm to generate

clinically relevant information.7,9 Only the AXAFA trial14 was specifi-
cally designed to sustain a formal non-inferiority analysis by conduct-
ing the study exclusively in patients with at least one risk factor for
stroke. As such, evidence supporting the use of uninterrupted
DOACs in patients undergoing CA for AF is scant.

In this meta-analysis, our goal was to determine the existence of
any statistically significant difference between uninterrupted DOACs
and uninterrupted VKA for CA of NVAF. We assessed three primary
outcomes (major bleeding events, minor bleeding events, and
thrombo-embolic events) and one secondary outcome [silent cere-
bral infarction (SCI) as evidenced by post-procedural brain magnetic
resonance imaging (MRI)].

Methods

The present meta-analysis was performed according to Cochrane
Collaboration and Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) statements.15 This meta-analysis was registered
in PROSPERO with registration number CRD42018089183.

Search strategy
We searched PubMed, Embase, and Cochrane Central Register of
Clinical Trials (Cochrane Library, Issue 02, 2017) databases from January
2008 through February 2018 to identify RCTs comparing uninterrupted
DOACs vs. uninterrupted VKA for CA of NVAF.

We used the following terms: (‘direct oral anticoagulants’ OR DOAC
OR dabigatran OR rivaroxaban OR apixaban) AND (warfarin OR ‘vita-
min K antagonists’ OR VKA) AND (‘auricular fibrillation’ OR ‘atrial fibrilla-
tion’) AND (ablation OR ‘catheter ablation’). No language restriction was
applied. The reference lists of identified articles were also reviewed for
additional sources.

Eligibility criteria
Studies with the following characteristics were considered eligible: (1)
RCTs comparing uninterrupted DOACs vs. uninterrupted VKA for CA
of NVAF; (2) compared the clinical outcomes of major bleeding and/or
minor bleeding and/or thrombo-embolic events or compared the rates
of SCI by brain MRI between the uninterrupted DOACs and the uninter-
rupted VKA group.

Case reports, editorials, reviews, and expert opinions were excluded
from our analysis. Abstracts presented in major international conferences
that haven’t been published as full papers were not considered in our
analysis.

Primary and secondary outcomes
The primary outcomes of this study were (1) major bleeding events, (2)
thrombo-embolic events, and (3) minor bleeding events. The secondary
outcome was SCI as detected by post-procedural brain MRI.

Major bleeding events were defined by using the Bleeding Academic
Research Consortium (BARC) criteria, with a score BARC >_2 being con-
sidered major bleeding.16 Studies using the ISTH (RECIRCUIT,
VENTURE-AF, Kuwahara et al.8), or the GUSTO and TIMI (VENTURE-
AF) classifications for bleeding each provided a full list of bleeding events.
Using these lists, bleeding events were reclassified using the BARC crite-
ria and classified as major bleeding events if BARC >_ 2. For additional in-
formation, please see Supplementary Material.

Minor bleeding events were all reported bleeding events not fulfilling
this criterion. Thrombo-embolic events were defined as stroke, TIA,
systemic embolism, or development of an intracardiac thrombus

What’s new?

• According to our findings, there are no significant differences
between uninterrupted direct oral anticoagulants (DOACs)
and uninterrupted vitamin K antagonists (VKA) for catheter
ablation (CA) of non-valvular atrial fibrillation (NVAF) for the
studied outcomes (major bleeding, minor bleeding, thrombo-
embolic events, and silent cerebral infarction).

• There was a trend for fewer major bleeding events in the
DOAC group when compared to VKA.

• Given their ease of use, fewer drug interactions, the absence
of need for international normalized ratio monitoring and
a similar safety and effectiveness profile, DOACs should
be considered first line therapy in patients undergoing CA
for NVAF.
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post-procedure. Finally, SCI was defined as clinically silent new brain
lesions detected by brain MRI post-procedurally.

Data extractions and quality appraisal
Three investigators (J.R., R.C.R, and J.C.D.) independently screened all
titles, abstracts, and manually searched the full-text versions of all relevant
studies that fulfilled the inclusion criteria. References of the retrieved
articles were independently reviewed for further identification of poten-
tially relevant studies. Disagreements were resolved by consensus after
discussion (J.R. and R.C.R.). We extracted characteristics of each study in-
cluding methodology and baseline patient characteristics, major bleeding
events, minor bleeding events and thrombo-embolic events. Silent cere-
bral infarction events were also extracted from the relevant studies. If the
abovementioned information was not readily available in the written arti-
cle, the principal investigator of that particular study was contacted to
supply pertinent information.

Quality assessment
The quality and reporting of the included RCTs were assessed using the
Cochrane Risk of Bias Tool. Six categories were included in the analysis:
(i) selection bias: systematic differences between baseline characteristics
of the groups that are compared; (ii) performance bias: systematic differ-
ences between groups in the care that is provided, or in exposure to fac-
tors other than the interventions of interest. After enrolment into the
study, blinding of participants and staff may reduce the risk that knowl-
edge of which intervention was received, rather than the intervention it-
self, affects outcomes. Blinding is not always possible, as was the case of
the RCTs included in our study, as it would’ve been unethical to not mon-
itor INR in those patients randomized to the VKA arm; (iii) detection
bias: systematic differences between groups in how outcomes are deter-
mined. Blinding of outcome assessors may reduce the risk that knowledge
of which intervention was received, rather than the intervention itself,
affects outcome measurement; (iv) attrition bias: systematic differences

Pubmed, Embase and Cochrane

Central Register of Clinical Trials

were searched, reference lists

were screened for relevant studies 

168 results

49 results

9 RCTs selected for

further review

4 RCTs included in

the meta-analysis and

qualitative synthesis

119 papers excluded based on title and
abstract evaluation

Duplicate result (n=23)
Not related to study question
(n=65)
Case reports, review articles, case
series (n=31)

40 papers were excluded after
additional review, as they were

determined to be unrelated to the
study question

5 RCTs excluded as they used a
minimally-interrupted DOAC

strategy instead of an uninterrupted
DOAC strategy

Figure 1 Study selection. DOAC, direct oral anticoagulants; RCT, randomized controlled trials.
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between groups in withdrawals from a study. Withdrawals from the
study lead to incomplete outcome data; (v) reporting bias: systematic dif-
ferences between reported and unreported findings; (vi) other biases:
other sources of bias that are relevant only in certain circumstances.17

Quality of the included RCTs was summarized visually.

Statistical analysis
Descriptive statistics are presented as number of cases (n) for dichoto-
mous and categorical variables. Statistical analysis was performed in line
with recommendations from the Cochrane Collaboration and PRISMA
guidelines, using Review Manager (RevMan version 5.3, the Cochrane
Collaboration, 2014). Heterogeneity was assessed using the I2 statistics,
which is the proportion of total variation observed among the studies at-
tributable to differences between studies rather than sampling error
(chance).18 Data were summarized across groups using the Mantel-
Haenszel Risk Ratio (RR) Fixed-Effect model if I2 < 25.19 We considered
I2 less than 25% as low and I2 greater than 75% as high. The random
effects model was used if I2 > 25%.19 Publication bias was estimated visu-
ally by funnel plots.19,20

Results

A total of 168 studies were identified using the specified search crite-
ria (Figure 1). After evaluation of these studies based on titles and
abstracts, nine RCTs were further analysed in their full-text version,
five of which were discarded leaving four RCTs that fulfilled all inclu-
sion criteria. These four RCTs incorporated a total of 1716 partici-
pants (71.2% male, average age 61.9 ± 3.0 years). Other RCTs were
excluded due to a lack of information relevant to our study questions
or because they did not follow an uninterrupted DOAC strategy, us-
ing instead a minimally interrupted DOAC strategy.2 The summary of
the primary and secondary outcomes can be found in Figure 2.

Characteristics of included studies
The baseline characteristics of the included trials are summarized in
Table 1. Uninterrupted dabigatran was used in 317 patients (18.5%),9

rivaroxaban in 123 (7.2%),7 and apixaban in 418 (24.3%).8,14 The rest
(858 participants, 50.0%) received uninterrupted VKA. The duration
of oral anticoagulation before CA was approximately 4 weeks in
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Figure 2 Study outcomes. (A) Freedom from major bleeding events, (B) freedom from thrombo-embolic events, (C) freedom from minor bleeding
events, (D) freedom from SCI in post-catheter ablation brain MRI. The included RR, CI, and P-value refer to the values of (A), major bleeding events
(B), thrombo-embolic events (C), minor bleeding events (D). 95% CI, 95% confidence interval; CA, catheter ablation; DOACs, direct oral anticoagu-
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Uninterrupted DOACs vs. uninterrupted VKA during ablation for AF 1615
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article/20/10/1612/5046988 by guest on 16 August 2022



most studies. The target INR for patients receiving VKA was between
2.0 and 3.0.

Quality assessment and publication bias
Funnel plots did not suggest publication bias for the selected out-
comes of major bleeding events, minor bleeding events, thrombo-
embolic events, and SCI (Figure 3). All the RCTs included in this
meta-analysis had good methodological quality indicating ‘low risk of
bias’ (Figures 4 and 5).

Impact on major bleeding events
Although a trend towards fewer major bleeding events (as defined by
a BARC >_ 2) was found in patients assigned to uninterrupted DOAC
group (5.7%) as compared to the uninterrupted VKA group (9.6%),
this did not reach statistical significance [RR 0.54, 95% confidence in-
terval (95% CI) 0.29–1.00; P = 0.05] (Figures 2 and 6).

Impact on thrombo-embolic events
There were no significant differences between groups regarding
thrombo-embolic events. The stroke rates in the DOAC and VKA
groups were 0.6% and 0.8%, respectively (RR 0.74, 95% CI 0.26–2.11;
P = 0.57) (Figures 2 and 6).

Impact on minor bleeding events
The minor bleeding rates in the DOAC and VKA groups were 13%
and 11.7%, respectively. There were no significant differences be-
tween groups (RR 1.11, 95% CI 0.82–1.52; P = 0.50) (Figures 2 and 6).

Impact on silent cerebral infarction
Two out of the four included RCTs included a component to assess
for post-CA SCI using brain MRI. In our analysis, we could not find
any statistically significant difference between the uninterrupted
DOAC group and the uninterrupted VKA group regarding SCI
as detected by brain MRI (RR 1.06, 95% CI 0.74–1.53; P = 0.74)
(Figures 2 and 6).

Discussion

Catheter ablation of NVAF is an important rhythm control strategy
for improvement of quality of life in patients with drug-refractory AF.
Even though this procedure carries the risk of embolization, an unin-
terrupted VKA strategy has shown to decrease this risk to <1% with
no associated increase in the rate of bleeding complications. These
benefits were demonstrated in a well-designed, large clinical trial
which randomized 1584 patients to either uninterrupted VKA during
CA for NVAF vs. the common practice of bridging patients with hep-
arin in and out of a therapeutic INR for the procedure.1

In spite of having been in the market for years now, the use of unin-
terrupted DOACs during CA of AF has been limited. Several factors
have contributed to this situation. First, the concern of having no
readily available reversal agent in case a life-threatening bleeding
(such as a pericardial tamponade) occurs. But also, the fact that RCTs
that support this method have had only small sample sizes. Previously
published small RCTs demonstrated a favourable safety and efficacy
profile of uninterrupted DOACs during CA of AF,3,4 and published
meta-analysis looking at observational data in over 7900 patients..
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comparing uninterrupted DOACs vs. uninterrupted warfarin showed
no difference with respect to preventing thrombotic events and
were in fact associated with a lower risk of bleeding.21

This is the first meta-analysis available using all published RCT data
that compares the outcomes of uninterrupted DOACs vs. uninter-
rupted VKA on major bleeding events, minor bleeding events,
thrombo-embolic events, and SCI. We included a total of 1716 par-
ticipants undergoing CA of NVAF. The pertinent findings of this study
were:

(1) Our results show that, overall, although uninterrupted DOACs
demonstrated a trend towards fewer major bleeding events, this
did not reach statistical significance over uninterrupted VKA.

(2) There were no statistically significant differences between groups in
the outcomes of minor bleeding events and thrombo-embolic
events.

(3) No significant difference was found between the uninterrupted
DOACs and the uninterrupted VKA arm in the SCI outcome.

Catheter ablation of AF has been associated with post-operative
cognitive dysfunction.22 It has been speculated that SCI occurring

during the procedure might be the cause of this adverse conse-
quence; the reported incidence of SCI is between 2 and 14%.8–10

Two out of the four RCTs included in our meta-analysis incorporated
a brain MRI component to assess if there was any difference in the in-
cidence of SCI when comparing uninterrupted DOACs and uninter-
rupted VKA. None of them found any significant difference between
groups.

Given our findings, it is conceivable to offer patients who need to
undergo CA of NVAF uninterrupted anticoagulation with a DOAC.
These conclusions fall in line with the recent consensus statement on
the use of uninterrupted DOACs for CA of NVAF which gave a
Class I recommendation for the use of uninterrupted dabigatran or
rivaroxaban. Direct oral anticoagulants are more convenient for both
the patient and the physician, as they have fewer interactions with
medications and food than VKAs. They also have the additional ad-
vantage of offering a fixed dose and not requiring constant monitor-
ing of the INR, which can adversely impact the quality of life of these
patients. A strategy of uninterrupted dabigatran also has the benefit
of the availability of idarucizumab, a dabigatran-specific reversal agent.
Moreover, in case of major bleeding during the procedure,
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Figure 3 Funnel plots for publication bias—(A) major bleeding events, (B) thrombo-embolic events, (C) minor bleeding events, (D) silent cerebral
infarction as demonstrated by post-catheter ablation brain MRI. MRI, magnetic resonance imaging; RR, risk ratio; SE, standard error.
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prothrombin complex concentrate (KcentraVR ) can reverse the effect
of DOACs.

The results of our meta-analysis prove that there is no significant
difference in the risk of major bleeding between patients receiving

uninterrupted DOACs and patients receiving uninterrupted VKA.
Furthermore, though our results did not reach statistical significance
(P-value equal to 0.05), a clear trend towards a reduction in major
bleeding events associated with uninterrupted DOAC use was ob-
served in our study when compared to VKA (i.e. 5.7% vs. 9.6%).
Failure to reach statistical significance could be explained by a small
sample size, and a larger RCT could help define whether or not
DOACs are associated with a reduced risk of major bleeding.

Limitations
Our meta-analysis has some limitations; in particular, there is the fact
that the majority of the RCTs included in our meta-analysis were
conducted as exploratory trials with administratively determined trial
sizes, because the sample required to provide sufficient power to es-
tablish formal non-inferiority would have made them unfeasible. Only
one of the included studies, AXAFA,14 was designed to accumulate
sufficient events for a formal non-inferiority analysis by selecting the
study population from patients with at least one risk factor for stroke.
We hope the results of our study will generate interest in the design
of larger, well-designed RCT. Second, the number of patients
assessed for SCI might not have been enough to determine if there
was a real difference between the uninterrupted DOACs and the
uninterrupted VKA group. Third, some studies did not include
information regarding minor bleeding events and as such no clear
difference could be found. Finally, we believe that the main limitation
of our analysis lies on the low number of events.

Conclusions

An uninterrupted DOACs strategy for CA of NVAF appears to be as
safe as uninterrupted VKA without significantly increased risk of mi-
nor or major bleeding events. There was a trend favouring DOACs
in terms of major bleeding. Direct oral anticoagulants should be
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VENTURE-AF
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Figure 4 Risk of bias summary.

Random sequence generation (selection bias)

Allocation concealment (selection bias)
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Incomplete outcome data (attrition bias)

Selective reporting (reporting bias)

Other bias
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Figure 5 Risk of bias graph. Risk of bias graph: review authors’ judgements about each risk of bias item presented as percentages across all included
studies.
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considered as first-line agents over VKA in patients undergoing CA of
NVAF, due to their ease of use and a lower number of interactions.

Supplementary material

Supplementary material is available at Europace online.

Funding
This research did not receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.

Conflict of interest: L.D.B. is a consultant for Biosense Webster
and Stereotaxis and received speaker honoraria/travel from
Medtronic, Pfizer, Boston Scientific, Abbott, and Biotronik. All
remaining authors declared no conflicts of interest.

References
1. Di Biase L, Burkhardt JD, Mohanty P, Sanchez J, Horton R, Gallinghouse GJ et al.

Periprocedural stroke and management of major bleeding complications in
patients undergoing catheter ablation of atrial fibrillation: the impact of peripro-
cedural therapeutic international normalized ratio. Circulation 2010;121:2550–6.

2. Nogami A, Machino T, Harada T, Nakano Y, Yoshida Y, Goya M et al. Clinical
benefit of minimally-interrupted dabigatran versus uninterrupted warfarin for
catheter ablation of atrial fibrillation: a prospective randomized multicenter trial
(ABRIDGE-J). Circulation 2017;136:e450.A19434.

3. Haines DE, Mead-Salley M, Salazar M, Marchlinski FE, Zado E, Calkins H et al.
Dabigatran versus warfarin anticoagulation before and after catheter ablation for
the treatment of atrial fibrillation. J Interv Card Electrophysiol 2013;37:233–9.

4. Kaiser DW, Streur MM, Nagarakanti R, Whalen SP, Ellis CR. Continuous warfarin
versus periprocedural dabigatran to reduce stroke and systemic embolism in
patients undergoing catheter ablation for atrial fibrillation or left atrial flutter.
J Interv Card Electrophysiol 2013;37:241–7.

5. Lakkireddy D, Reddy YM, Di Biase L, Vanga SR, Santangeli P, Swarup V et al.
Feasibility and safety of dabigatran versus warfarin for periprocedural
anticoagulation in patients undergoing radiofrequency ablation for atrial fibrilla-
tion: results from a multicenter prospective registry. J Am Coll Cardiol 2012;59:
1168–74.

6. Lakkireddy D, Reddy YM, Di Biase L, Vallakati A, Mansour MC, Santangeli P et al.
Feasibility and safety of uninterrupted rivaroxaban for periprocedural anticoagu-
lation in patients undergoing radiofrequency ablation for atrial fibrillation: results
from a multicenter prospective registry. J Am Coll Cardiol 2014;63:982–8.

7. Cappato R, Marchlinski FE, Hohnloser SH, Naccarelli GV, Xiang J, Wilber DJ
et al. Uninterrupted rivaroxaban vs. uninterrupted vitamin K antagonists for cath-
eter ablation in non-valvular atrial fibrillation. Eur Heart J 2015;36:1805–11.

8. Kuwahara T, Abe M, Yamaki M, Fujieda H, Abe Y, Hashimoto K et al. Apixaban
versus warfarin for the prevention of periprocedural cerebral thromboembolism
in atrial fibrillation ablation: multicenter prospective randomized study.
J Cardiovasc Electrophysiol 2016;27:549–54.

9. Calkins H, Willems S, Gerstenfeld EP, Verma A, Schilling R, Hohnloser SH et al.
Uninterrupted dabigatran versus warfarin for ablation in atrial fibrillation. N Engl J
Med 2017;376:1627–36.

10. Takatsuki S, Kimura T, Nakajima K, Kashimura S, Kunitomi A, Katsumata Y et al.
Abstract 23233: Asymptomatic Cerebral Infarction during Catheter Ablation of
Atrial Fibrillation Comparing Uninterrupted Rivaroxaban and Warfarin
(ASCERTAIN Study). Circulation 2016;134:A23233.

11. Hohnloser SH, Camm AJ. Safety and efficacy of dabigatran etexilate during cathe-
ter ablation of atrial fibrillation: a meta-analysis of the literature. Europace 2013;
15:1407–11.

12. Vamos M, Cappato R, Marchlinski FE, Natale A, Hohnloser SH. Efficacy and
safety of rivaroxaban compared with vitamin K antagonists for peri-procedural
anticoagulation in catheter ablation of atrial fibrillation: a systematic review and
meta-analysis. Europace 2016;18:1787–94.

13. Calkins H, Hindricks G, Cappato R, Kim YH, Saad EB, Aguinaga L et al. HRS/
EHRA/ECAS/APHRS/SOLAECE expert consensus statement on catheter and
surgical ablation of atrial fibrillation. Europace 2018;20:e1–e160.

14. Kirchhof P, Haeusler KG, Blank B, De Bono J, Callans D, Elvan A et al. Apixaban
in patients at risk of stroke undergoing atrial fibrillation ablation. Eur Heart J
2018; doi:10.1093/eurheartj/ehy176.

D
O

A
C

s
A

B

C
D

V
K

A
R

is
k 

R
at

io
M

-H
, R

an
do

m
, 9

5%
 C

I
R

is
k 

R
at

io
M

–H
, R

an
do

m
, 9

5%
 C

I

R
is

k 
R

at
io

M
–H

, f
ix

ed
, 9

5%
 C

I

S
tu

dy
 o

r 
S

ub
gr

ou
p

A
X

A
FA

K
uw

ah
ar

a 
et

 a
l.8

K
uw

ah
ar

a 
et

 a
l.8

R
E

-C
IR

C
U

IT

R
E

-C
IR

C
U

IT

V
E

N
T

U
R

E
-A

F

A
X

A
FA

A
X

A
FA

K
uw

ah
ar

a 
et

 a
l.8

K
uw

ah
ar

a 
et

 a
l.8

R
E

-C
IR

C
U

IT
V

E
N

T
U

R
E

-A
F

V
E

N
T

U
R

E
-A

F

To
ta

l (
95

%
 C

I)
To

ta
l (

95
%

 C
I)

To
ta

l (
95

%
 C

I)
To

ta
l (

95
%

 C
I)

To
ta

l e
ve

nt
s

To
ta

l e
ve

nt
s

To
ta

l e
ve

nt
s

To
ta

l e
ve

nt
s

Te
st

 fo
r 

ov
er

al
l e

ffe
ct

: Z
 =

 1
.9

5 
(P

 =
 0

.0
5)

Te
st

 fo
r 

ov
er

al
l e

ffe
ct

: Z
 =

 0
.5

6 
(P

 =
 0

.5
7)

Te
st

 fo
r 

ov
er

al
l e

ffe
ct

: Z
 =

 0
.3

3 
(P

 =
 0

.7
4)

Te
st

 fo
r 

ov
er

al
l e

ffe
ct

: Z
 =

 0
.6

7 
(P

 =
 0

.5
0)

H
et

er
og

en
ei

ty
. T

au
2  

=
 0

.1
9;

 C
hi

2  
=

 6
.2

7,
 d

f =
 3

 (
P

 =
 0

.1
0)

; I
2  

=
 5

2%
H

et
er

og
en

ei
ty

. C
hi

2  
=

 2
.4

1;
 d

f =
 3

 (
P

 =
 0

.4
9)

; I
2  

=
 0

%

H
et

er
og

en
ei

ty
. C

hi
2  

=
 0

.2
9;

 d
f =

 1
 (

P
 =

 0
.5

9)
; I

2  
=

 0
%

H
et

er
og

en
ei

ty
. C

hi
2  

=
 1

.4
6;

 d
f =

 2
 (

P
 =

 0
.4

8)
; I

2  
=

 0
%

E
ve

nt
s

To
ta

l

31
31

8
42

31
5

41
.4

%
0.

73
 [0

.4
7,

 1
.1

3]
4.

95
 [0

.2
4,

 1
02

.7
6]

0.
67

 [0
.1

1,
 3

.9
0]

0.
50

 [0
.0

5,
 5

.5
0]

0.
19

 [0
.0

1,
 3

.8
7]

0.
74

 [0
.2

6,
 2

.1
1]

1.
09

 [0
.7

6,
 1

.5
8]

0.
67

 [0
.1

1,
 3

.9
0]

1.
06

 [0
.7

4,
 1

.5
3]

0.
33

 [0
.0

4,
 3

.1
5]

0.
19

 [0
.0

7,
 0

.5
5]

0.
80

 [0
.4

0,
 1

.5
9]

0.
54

 [0
.2

9,
 1

.0
0] 0.

01
0.

1
Fa

vo
ur

s 
D

O
A

C
s

Fa
vo

ur
s 

V
K

A
1

10
10

0
0.

01
0.

1
Fa

vo
ur

s 
D

O
A

C
s

Fa
vo

ur
s 

V
K

A
1

10
10

0

0.
01

0.
1

Fa
vo

ur
s 

D
O

A
C

s
Fa

vo
ur

s 
V

K
A

1
10

10
0

0.
01

0.
1

Fa
vo

ur
s 

D
O

A
C

s
Fa

vo
ur

s 
V

K
A

1
10

10
0

6.
5%

20
.5

%
31

.6
%

10
0

31
8

12
1

21 163
10

0
31

7
12

3

85
8

3
10

0
10

0
6.

4%
0.

75
 [0

.1
7,

 3
.2

7]
1.

07
 [0

.7
7,

 1
.4

9]
2.

30
 [0

.6
1,

 8
.6

7]

1.
11

 [0
.8

2,
 1

.5
2]

88
.8

%
4.

8%

10
0.

0%

31
8

12
1

53
9

54
0

70

4 56 3 63

31
7

12
3

60 749
82

85
4

10
0.

0%

1 4 13

E
ve

nt
s

W
ei

gh
t

To
ta

l
D

O
A

C
s

V
K

A
R

is
k 

R
at

io
M

-H
, F

ix
ed

, 9
5%

 C
I

R
is

k 
R

at
io

M
–H

, F
ix

ed
, 9

5%
 C

I

R
is

k 
R

at
io

M
–H

, F
ix

ed
, 9

5%
 C

I
R

is
k 

R
at

io
M

-H
, F

ix
ed

, 9
5%

 C
I

S
tu

dy
 o

r 
S

ub
gr

ou
p U

ni
nt

er
ru

pt
ed

 D
O

A
C

s
U

ni
nt

er
ru

pt
ed

 V
K

A
S

tu
dy

 o
r 

S
ub

gr
ou

p

E
ve

nt
s 2 2 1 0 44

16
2

40
16

1
93

.0
%

7.
0%

10
0.

0%

10
0

26
1

3 43

10
0

26
2

2 46

31
8

0
31

5
6.

2%
37

.1
%

24
.7

%
31

.9
%

10
0.

0%

10
0

31
8

10
7

84
0

3 2 2 7
5

10
0

31
7

11
4

84
9

E
ve

nt
s

To
ta

l

To
ta

l

E
ve

nt
s

E
ve

nt
sW

ei
gh

t

W
ei

gh
t

To
ta

l

To
ta

l
D

O
A

C
s

V
K

A
R

is
k 

R
at

io
M

-H
, F

ix
ed

, 9
5%

 C
I

S
tu

dy
 o

r 
S

ub
gr

ou
p

E
ve

nt
s

To
ta

l
E

ve
nt

s
W

ei
gh

t
To

ta
l

F
ig

u
re

6
Fo

re
st

pl
ot

so
fs

tu
dy

ou
tc

om
es

.(
A)

M
aj

or
bl

ee
di

ng
ev

en
ts

,(
B)

th
ro

m
bo

-e
m

bo
lic

ev
en

ts
,(

C)
m

in
or

bl
ee

di
ng

ev
en

ts
,a

nd
(D

)S
C

Ii
n

po
st

-C
A

br
ai

n
M

R
I.

D
ia

m
on

d
in

di
ca

te
s

ov
er

al
ls

um
m

ar
y

es
ti-

m
at

e
fo

r
th

e
an

al
ys

is
(w

id
th

of
th

e
di

am
on

d
re

pr
es

en
ts

th
e

95
%

C
I);

w
id

th
of

th
e

sh
ad

ed
sq

ua
re

,s
iz

e
of

th
e

po
pu

la
tio

n.
R

an
do

m
ef

fe
ct

s
m

od
el

w
as

us
ed

in
th

e
m

aj
or

bl
ee

di
ng

ev
en

ts
ou

tc
om

e
as

I2
>

25
,

th
e

fix
ed

ef
fe

ct
m

od
el

w
as

us
ed

in
al

lo
th

er
ou

tc
om

es
.C

A
,c

at
he

te
r

ab
la

tio
n;

C
I,

co
nf

id
en

ce
in

te
rv

al
;D

O
A

C
,d

ir
ec

to
ra

la
nt

ic
oa

gu
la

nt
s;

M
H

,M
an

te
l–

H
ae

ns
ze

l;
M

R
I,

m
ag

ne
tic

re
so

na
nc

e
im

ag
in

g;
SC

I,
sil

en
t

ce
re

br
al

in
fa

rc
tio

n;
V

K
A

,v
ita

m
in

K
an

ta
go

ni
st

s.

Uninterrupted DOACs vs. uninterrupted VKA during ablation for AF 1619
D

ow
nloaded from

 https://academ
ic.oup.com

/europace/article/20/10/1612/5046988 by guest on 16 August 2022

https://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euy133#supplementary-data
http://doi:10.1093/eurheartj/ehy176


15. Knobloch K, Yoon U, Vogt PM. Preferred reporting items for systematic reviews
and meta-analyses (PRISMA) statement and publication bias. J Craniomaxillofac
Surg 2011;39:91–2.

16. Mehran R, Rao SV, Bhatt DL, Gibson CM, Caixeta A, Eikelboom J et al. Standardized
bleeding definitions for cardiovascular clinical trials. Circulation 2011;123:2736–47.

17. Assessing Risk of Bias in Included Studies j Cochrane Bias 2018. http://methods.
cochrane.org/bias/assessing-risk-bias-included-studies (24 April 2018, date last
accessed).

18. Moher D, Liberati A, Tetzlaff J, Altman DPG. Preferred reporting items for system-
atic reviews and meta-analyses: the PRISMA statement. PLoS Med 2009;6:e1000097.

19. DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials 1986;7:
177–88.

20. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. BMJ 1997;315:629–34.

21. Zhao Y, Yang Y, Tang X, Yu X, Zhang L, Xiao H. New oral anticoagulants com-
pared to warfarin for perioperative anticoagulation in patients undergoing atrial
fibrillation catheter ablation: a meta-analysis of continuous or interrupted new
oral anticoagulants during ablation compared to interrupted or continuous war-
farin. J Interv Card Electrophysiol 2017;48:267–82.

22. Medi C, Evered L, Silbert B, Teh A, Halloran K, Morton J et al. Subtle post-
procedural cognitive dysfunction after atrial fibrillation ablation. J Am Coll Cardiol
2013;62:531–9.

1620 J. Romero et al.

EP CASE EXPRESS doi:10.1093/europace/euy164
Online publish-ahead-of-print 31 July 2018

.......................................................................................................................................................

Atrial decremental evoked potentials accurately determine the critical
isthmus of intra-atrial re-entrant tachycardia

A. Bhaskaran, S. Gizurarson, Andreu Porta-S�anchez, Stéphane Massé, Krishnakumar Nair, and

Kumaraswamy Nanthakumar*

Division of Cardiology, University Health Network, Toronto General Hospital, 150 Gerrard Street West, GW3-526 Toronto, Ontario, Canada

* Corresponding author. Tel: (416) 340-4442; fax: (416) 340-4457. E-mail address: Kumar.Nanthakumar@uhn.ca

We have shown before, the utility of DEEP mapping in
identifying critical isthmus of scar VT. We hypothesized
that, as intra-atrial re-entrant tachycardia (IART) substrate
is similar to scar VT by virtue of surgical scars, DEEP map-
ping could be useful in identifying critical targets for abla-
tion. Two patients with corrected transposition of great
arteries (cc TGA) and previous cardiac surgery were
selected for the study. Both had recurrent symptomatic
IART prompting multiple hospital visits. A decapolar coro-
nary sinus catheter was used for both patients. For the first
patient a 64-electrode basket array and for the second
patient a duo-decapolar catheter was used for mapping.
The late potentials and decremental local potentials were
annotated on the electro-anatomical map (CARTO,
Biosense Webster, Israel). In sinus rhythm, a pacing train
was applied from the CS proximal electrode, and extra
stimulus was introduced. The site with maximum local
electrogram decrement was considered the critical isth-
mus and was ablated. The arrhythmia was non-inducible
after ablation at this DEEP site for both patients. DEEP
mapping was useful in localizing the critical ablation target
in IART.

The full-length version of this report can be viewed at: https://www.escardio.org/Education/E-Learning/Clinical-cases/Electrophysiology.
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