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Aims Current guidelines recommend discontinuation of oral anticoagulation treatment (OAT) and switch to heparin 2–5
days before catheter ablation of atrial fibrillation (AF). However, increasing evidence leans against the ‘bridge therapy’
and support continuation of OAT during the procedure.

Methods
and results

We evaluated the safety of AF ablation among patients with therapeutic OAT. The study population comprised 193
consecutive patients who underwent 228 AF ablation procedures guided by electroanatomical mapping. Periproce-
dural international normalized ratio was ,2 (1.6+ 0.3) in 103 cases (Group 1) and ≥2 (2.4+ 0.4) in 125 cases
(Group 2). Heparin (5000 IU bolus followed by continuous infusion through an open-irrigated ablation catheter)
was used in both groups. No intracardiac echocardiographic guidance was used and activated clotting time (ACT)
was not monitored. The incidence of major (intracranial bleeding, tamponade, bleeding that required surgical inter-
vention, or blood transfusion) and minor bleeding complications and all thrombo-embolic events were registered
during the 3-month follow-up. There was no statistical difference in major (P ¼ 1.0) and minor complications
(P ¼ 0.74) between the groups. The bleeding complications included one surgically corrected groin haematoma in
both groups (0.9%), 25 small haematomas at the puncture site (11 in Group 1 (10.7%) and 14 in Group 2
(11.2%), P ¼ 0.90), and two minor pericardial effusions in Group 1. In Group 2, one patient had ischaemic stroke
16 days after the procedure.

Conclusion Transseptal puncture and AF ablation can be performed safely in patients with ongoing OAT without intracardiac
echocardiographic guidance and ACT monitoring.
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Introduction
Atrial fibrillation (AF) is a common cardiac arrhythmia with a
cumulative lifetime incidence of about one per four.1 Although
AF is not recognized by some patients,2 it increases morbidity,3

mortality,4 and impairs quality of life.5 Radiofrequency catheter
ablation therapy is an effective treatment option6 – 8 for an increas-
ing number of patients with AF.9 Development of ablation tech-
niques, procedural instruments, and mapping devices has
improved the safety of this procedure. However, the procedure
still carries a pronounced risk for severe complications.10 –12 Pre-
vention and management of these adverse events is complicated.
In particular, the balancing between thrombo-embolic and bleeding
complications is difficult. The use of antithrombotic medication

reduces the risk of stroke and other thrombo-embolic events
but at the same time it increases the risk of bleeding (e.g. tampo-
nade) and access site complications.

Current guidelines recommend pausing oral anticoagulation
therapy (OAT) and switching to heparin infusion 2–5 days
before AF ablation.13,14 However, the strategies used in different
centres vary a lot and increasing evidence leans against the
bridge therapy and support continuing OAT at the time of
cardiac procedures.15 –19 It has been shown that pacemaker
implantation and percutaneous coronary interventions can be per-
formed safely in patients with uninterrupted OAT.18,19 Likewise,
some data indicate that transseptal (TS) puncture and AF ablation
can be performed safely under continuous intracardiac echocar-
diography (ICE) guidance and intensive monitoring of the activated
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clotting time (ACT) in patients with uninterrupted OAT.15– 17 In
our and many other centres, ICE and ACT monitoring are not
used routinely during AF ablation. Therefore, we elected to inves-
tigate the safety of AF ablation with uninterrupted OAT and sim-
plified periprocedural heparinization protocol.

Methods

Study population
The study population consisted of 193 consecutive patients with
drug-refractory AF. They underwent 228 AF ablation procedures
(30 patients underwent one or two reablations) in Oulu University
Hospital. In order to evaluate the safety of TS puncture and AF abla-
tion in patients with ongoing therapeutic OAT, the patients were
divided into two groups according to the periprocedural international
normalized ratio (INR) level (Figure 1). Group 1 comprised 103 cases
with subtherapeutic INR (,2.0) and Group 2 included 125 cases with
therapeutic INR (2.0–3.0) during the procedure. No patient was
excluded from the study, but in those with left atrial thrombus in trans-
oesophageal echocardiography (TOE) and in those with INR .3.5 the
procedure was postponed. Transoesophageal echocardiography was
performed either a day before or on the same day as the procedure.

Oral anticoagulation therapy
Warfarin was used in all patients except for seven patients with contra-
indication to OAT (i.e. history of major bleeding, severe inflammatory
bowel disease, and skin reaction to warfarin) regardless of the type of
AF (e.g. paroxysmal, persistent, long-lasting persistent) and the CHA2-

DS2VAScscore.6,20 In all patients in Group 2, INR was on therapeutic

level for at least 3 weeks before the operation, whereas in the
Group 1 the preoperative INR was ,2.0. Most of the patients in
Group 1 had a short pause in OAT prior to the ablation procedure.
After the ablation, warfarin was continued for at least 3 months in
both groups. The INR values were measured and adjusted in general
health care.

Perioperative use of heparin
Regardless of the preoperative INR value, all the patients were hepar-
inized during the ablation procedure. A 5000 IU bolus of unfractio-
nated heparin was given immediately after the first TS puncture.
Thereafter, heparin was infused continuously through an open-
irrigated ablation catheter. The infusion rate was 600 IU/h during elec-
troanatomical mapping and 6000 IU/h during radiofrequency ablation.
Activated clotting time was not monitored. At the end of the pro-
cedure, protamine was administered to partially reverse the heparini-
zation if the total amount of heparin exceeded 14 000 IU. The
catheters and introducers were removed immediately after the pro-
cedure and compression was applied to the insertion site to prevent
bleeding for 10–20 min. Patients stayed supine for 4 h after the pro-
cedure. The patients with subtherapeutic INR were given
low-molecular-weight heparin (LMWH, enoxaparine 1 mg/kg twice a
day) until the INR was at therapeutic level, whereas in Group 2 no
LMWH was used.

Transseptal puncture and radiofrequency
ablation
The procedures were performed under conscious sedation with intra-
venous fentanyl and midazolam. After placing a quadripolar 5F catheter
into the right ventricular apex and a steerable 10 pole 6F catheter into
the coronary sinus via left femoral vein, left atrial access was obtained
via right femoral vein. One or two TS punctures were performed with
8F or 8.5F TS sheath (Swartz SL 1, St Jude Medical, Inc., St Paul, MN,
USA) and TS needle (BRK or BRK-1, St Jude Medical Inc.) under
fluoroscopic and pressure control. No ICE or TOE monitoring was
used to guide the TS puncture. The long sheaths were continuously
flushed with heparinized saline.

A three-dimensional electroanatomical map of the left atrium and
the pulmonary vein (PV) was constructed using a non-fluoroscopic
navigation system (CartoTM, Biosense Webster, Diamond Bar, CA,
USA) as described previously.21 The ostia of the PVs were identified
by fluoroscopic visualization with the help of PV angiography or inte-
gration of a previous acquired computed tomography (CT) or mag-
netic resonance imaging (MRI) image. Pulmonary veins were isolated
pairwisely by creating a wide circumferential line around the right-
and left-side veins using an open-irrigated ablation catheter (Navistar
Thermocool, Biosense Webster). The isolation of the veins was con-
firmed by careful remap of the lines and PV ostia or by using a circum-
ferential diagnostic catheter. Additional left atrial line(s) (e.g. roof line,
posterior line, mitral annulus line) were done in patients with long-
lasting persistent AF. Right atrial isthmus line was done in all patients
with pre- or perioperative documentation of typical isthmus-
dependent atrial flutter.

Follow-up
The follow-up in this study focused on bleeding and thrombo-embolic
complications. Major bleeding was defined as intracranial bleeding,
cardiac tamponade, or bleeding that required surgical intervention or
blood transfusion. Minor bleeding was defined as haematoma that
required no intervention. After the procedure the patients stayed in
the hospital for at least 24 h under continuous electrocardiogram

INR measurement and TOE examination
before the operation

INR < 2 INR = 2-3
(n 103) (n 125)= =

LMWH

Heparinisation after TS puncture

OAT (INR2-3) for at least 3 months

Figure 1 Anticoagulation protocol. Oral anticoagulation was
used in all patients with no contraindication before ablation. In
Group 1 (n ¼ 103), the preoperative international normalized
ratio was ,2, whereas in the Group 2 (n ¼ 125) international
normalized ratio was on therapeutic level for at least 3 weeks
before the operation. The patients in Group 1 were given
low-molecular-weight heparin until the international normalized
ratio was in therapeutic level. All patients were given heparin
during the procedure but activated clotting time was not
measured. After the ablation warfarin was continued for at
least 3 months in both groups.
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monitoring. Nurses examined patient repeatedly and if any major com-
plication was suspected, the situation was evaluated by a doctor. All
patients were examined by a physician before discharge and at the
3-month follow-up visit.

The patients were instructed to contact the hospital if any adverse
events occurred. Transthoracic echocardiography and/or chest X-ray
were performed if the patient had chest pain, dyspnoea, or other
cardiac symptoms. If the patients had neurological symptoms, a head
and brain CT or MRI was performed. At the 3-month follow-up
visit, the patients were examined and all complications were registered
and verified from patient records.

Statistical analysis
PASW statistics 17.0 (SPSS Inc.) was used for statistical analysis.
Nominal variables are expressed as numbers and percentages and
compared by Fisher’s exact test or x2 test when appropriate.
Ordinal variables are presented as mean+ standard deviation and
compared with Wilcoxon rank sum test. Continuous variables are
expressed as mean+ standard deviation and compared with indepen-
dent variables t-test. All tests were two-sided and a P-value of ,0.05
was considered statistically significant.

Results
The baseline characteristics of the patients are shown in Table 1.
Most of the patients had paroxysmal or persistent AF. There
were no difference in the age of the patients between the
groups (P ¼ 0.56). Patients in Group 2 had a higher prevalence
of prior thrombo-embolic events (10 vs. 3%; P ¼ 0.04), whereas

vascular disease was more common in Group 1 (9 vs. 3%; P ¼
0.03). There was no difference in the overall CHA2DS2-VASc
(P ¼ 0.66) and HAS-BLED score6,22 (P ¼ 0.12) between the
groups. Left ventricular ejection fraction (LVEF) and left atrial diam-
eter were 63+ 8% and 41+5 mm in Group 1 and 62+10%
(P ¼ 0.34) and 41+6 mm (P ¼ 0.91) in Group 2, respectively.
Mean INR levels in Groups 1 and 2 were 1.6+0.3 and 2.4+
0.4, respectively, (P , 0.001). The use of heparin was similar in
both groups. The total dose of heparin was 10 552+1506 IU in
Group 1 and 10 486+1750 IU in Group 2 (P ¼ 0.78) (Table 2).
There was no difference in the use of protamine between the
groups.

Bleeding complications
There was no statistically significant difference in the major (P ¼
1.00) or minor bleeding complications (P ¼ 0.90) between the
groups (Table 3). The major bleeding complications included two
femoral haematomas (0.9%) requiring surgery, one in each group.
They were detected and operated right after the procedure.
Both were due to damage of the femoral artery wall. No patient
required blood transfusion and there were no tamponades. One
procedure was postponed, because contrast media were observed
in the pericardial space after problematic TS puncture. Transthor-
acic echocardiography showed no pericardial effusion, but the pro-
cedure was cancelled and performed later on by a more
experienced operator with no complications. Minor bleeding com-
plications in Group 1 included 11 groin haematomas and 1 mild
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Table 1 Baseline characteristics

Group 1 (n 5 103) Group 2 (n 5 125) Total (n 5 228) P- value

INR 1.6 + 0.3 2.4 + 0.4 2.1 + 0.5 ,0.001

Age 54 + 9 54 + 9 54 + 9 0.56

Paroxysmal AF 69 (67%) 59 (47%) 128 (56%) 0.003

Persistent AF 23 (22%) 47 (38%) 70 (31%) 0.01

Long-lasting persistent AF 11 (11%) 19 (15%) 30 (13%) 0.32

Congestive heart failure 5 (5%) 4 (3%) 7 (4%) 0.74

Hypertension 42 (41%) 60 (48%) 102 (45%) 0.28

Age ≥75 0 (0%) 0 (0%) 0 (0%) 1.0

Diabetes mellitus 6 (6%) 5 (4%) 11 (5%) 0.55

Stroke/TIA/thrombo-embolism 3 (3%) 12 (10%) 15 (7%) 0.04

Vascular disease 9 (9%) 3 (2%) 12 (5%) 0.03

Age between 65 and 74 7 (7%) 6 (5%) 13 (6%) 0.52

Female 20 (19%) 25 (20%) 45 (20%) 0.91

CHADS2 score 0.5 + 0.7 0.7 + 0.9 0.6 + 0.8 0.15

CHA2DS2-VASc score 0.9 + 0.9 1.0 + 1.1 1.0 + 1.0 0.66

Systolic blood pressure .160 mmHg 4 (4%) 3 (2%) 7 (3%) 0.70

History of bleeding 12 (12%) 10 (8%) 22 (10%) 0.35

Labile INRs 42 (41%) 38 (30%) 80 (35%) 0.10

Use of aspirin/NSAIDs/alcohol 20 (19%) 15 (12%) 35 (15%) 0.12

HAS-BLED score 0.9 + 0.9 0.7 + 0.8 0.8 + 0.9 0.12

LVEF, % 63 + 8 62 + 10 62 + 9 0.34

LA size, mm 41 + 5 41 + 6 41 + 6 0.91

NSAIDs, non-steroidal anti-inflammatory drugs; LA, left atrial.
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pericardial effusion (11.7%). In Group 2, there were 14 minor groin
haematomas (11.2%). In 11 cases, ultrasound examination of the
groin area was performed in order to exclude bleeding (three in
Group 1 vs. eight in Group 2; P ¼ 0.35).

Thrombo-embolic complications
There were no thrombo-embolic complications during the
procedure and hospital stay in either group. During the
follow-up, no thrombo-embolic complications were detected
in Group 1 (Table 3). In Group 2, a 56-year-old man with
CHADS2 score of 1 (CHA2DS2VASC ¼ 1) had dysphasia 16
days after the procedure. At that time, he had been in AF
for 4 days and his INR was 1.6. Brain CT revealed an ischae-
mic stroke (0.4%). The stroke was treated rapidly with throm-
bolytic therapy and dysphasia disappeared during the following
months.

Discussion
The results of this ‘real-life’ study indicate that it is safe to perform
AF ablation in patients with uninterrupted OAT using a simplified
heparinization protocol with no ACT monitoring. In our study, TS
puncture and ablation were performed under fluoroscopic gui-
dance without using ICE or TOE surveillance. Our protocol
proved safe with a low rate of bleeding and thrombo-embolic
events. Hence, uninterrupted OAT provided a feasible and safe
alternative to the inconvenient and expensive ‘bridge’ therapy for
patients undergoing AF ablation.

Oral anticoagulation therapy before and
after ablation
Current guidelines recommend ‘bridge’ therapy, i.e. stopping OAT
and switching to unfractionated heparin 2–5 days before AF abla-
tion.13,14 The rationale behind this common consensus has been
the assumption that in order to reduce the risk of bleeding
during the TS puncture and AF ablation, the procedure should
be postponed until INR is ,1.5. However, according to our
data, continuation of warfarin throughout the procedure did not
increase bleeding and there were no statistical differences in the
thrombo-embolic events between the groups. In keeping with
these findings, the results of two large retrospective trials recently
demonstrated that uninterrupted OAT is safe and may even
reduce the risk of thrombo-embolic and bleeding complications
compared with the guideline approach.16,17 Moreover, Wazni
et al.15 reported that spontaneous echo contrast, which is con-
sidered a risk for thrombus formation, is more common if OAT
is paused prior to AF ablation.

Similar findings supporting the use of uninterrupted OAT have
also been made in other cardiac procedures. Compared with
uninterrupted OAT, bridging to heparin has been found to increase
hospital stay18 and bleeding complications23 at pacemaker or implan-
table cardioverter-defibrillator implantation. In the study by Annala
et al.,24 uninterrupted warfarin treatment was found as safe and less
costly during diagnostic coronary angiography. Karjalainen et al.19

found that percutaneous coronary intervention was equally safe
during uninterrupted OAT compared with stopping anticoagulation
therapy for the average of 3 days before the procedure. Hence, it
seems obvious that the ‘bridge’ therapy do not improve the safety
of AF ablation and other cardiac procedures. In contrast, such a strat-
egy may confer less protection against thrombo-embolic events
during the post-ablation period while waiting to achieve therapeutic
INR values after the preoperative pause.

Ablation in the left atrium creates a hypercoagulative milieu that
increases the risk of thrombo-embolic events during the early
post-operative period. To lower the risk of thrombo-embolic
events after the ablation, we continued systemic anticoagulation
for a minimum of 3 months as recommended.13 Thereafter, the
decision to stop or to continue OAT was made on the basis of
the individual stroke risk factors. Recently, Bunch et al.25 suggested
that post-operative warfarin is not needed in low-risk patients fol-
lowing AF ablation. In our study, one patient with CHADS2 score
of 1 (CHA2DS2-VASc ¼ 1) had ischaemic stroke 16 days after the
ablation. During the ablation, his INR was at therapeutic level, but
at the time of the stroke it had dropped to 1.6. Therefore, we rec-
ommend using OAT in the early post-ablation period.
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Table 2 Procedural data

Group 1 (n 5 103) Group 2 (n 5 125) Total (n 5 228) P-value

Procedure time, min 145+42 148+49 147+46 0.66

RF time, min 45+13 44+15 45+14 0.59

Total heparin dose 10 552+1506 10 486+1750 10 515+1645 0.78

RF, radiofrequency.

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

Table 3 Complications

Group 1
(n 5 103)

Group 2
(n 5 125)

Total
(n 5 228)

P-value

Ischaemic
stroke

0 (0%) 1 (0.8%) 1 (0.4%) 1.00

Major bleeding 1 (1.0%) 1 (0.8%) 2 (0.9%) 1.00

Minor
bleeding

11 (10.7%) 14 (11.2%) 25 (11.0%) 0.90

Pericardial
effusion

1 (1.0%) 0 (0%) 1 (0.4%) 0.45

Complicated
TS
puncture

1 (1.0%) 0 (0%) 1 (0.4%) 0.45
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Perioperative use of heparin and
monitoring of the patients
There is no uniform recommendation for monitoring of the
patients during the AF ablation procedure. Unlike the other inves-
tigators, who have evaluated the feasibility and safety of AF ablation
in patients with uninterrupted OAT,15– 17 we did not use ICE
monitoring to guide the TS puncture and the ablation procedure.
Although ICE may be valuable in many cases,26 it is not used rou-
tinely in our and many other centres during AF ablation. The main
limitation for the routine use of ICE is that it increases the cost of
the procedure markedly and it is also inconvenient to use by a
single operator.

When the ‘bridge’ therapy is used, close attention to maintaining
therapeutic heparin dosing during the procedure is important. It is
well established that thrombi can form on the TS sheath almost
immediately after crossing the septum. Therefore, most operators
administer a loading dose of heparin prior to or immediately on TS
puncture. After a loading dose, the lower level of anticoagulation is
usually maintained at an ACT of at least 250–350 s throughout the
procedure, because at lower ACT level thrombus formation may
be increased.27,28 However, it should be born in mind that in the
studies by Ren et al.27 and Wazni et al.28 OAT was stopped
before the procedure and open-irrigated catheters were not
used. Therefore, it remains unclear whether intensive hepariniza-
tion and monitoring of ACT every 15–30 min is needed in patients
with uninterrupted OAT. We used a simplified protocol for peri-
operative heparinization. After the initial bolus, a small amount of
heparin was infused continuously through the open-irrigated abla-
tion catheter without monitoring the ACT. In addition, heparinized
saline was used to reduce the risk of sheath-related thrombi.
When comparing the results of our study with those of the pre-
vious studies,10 it can be seen that the lack of ACT monitoring
did not increase the risk of major thrombo-embolic and bleeding
complications. Moreover, it is possible that by infusing heparin
directly via the open-irrigated ablation catheter, the risk of catheter
charring and local thrombus formation at the ablation site is
reduced.

Study limitations
Our study carries all the inherent limitations of a non-randomized
observational study. However, the strength of this study is that it
offers ‘real-life’ information of the safety of our method in an unse-
lected patient population. In our study, most of the procedures
were performed by an operator with experience of .500 AF abla-
tions. Although there were no differences in the operator experi-
ence between the groups, the experience of the operator should
be taken into account when considering starting to use our
approach. The prevalence of risk factors for thrombo-embolic
events was low with only 11% of the patients having CHADS2

score ≥2. The CHA2DS2VASc score was ≥2 in 25% and ≥3 in
7% of the patients. Therefore, the results should be extrapolated
to high-risk patients with caution. In addition, because ‘bridge’
therapy, ACT-guided heparin dosing, or ICE-guided TS catheteriza-
tion, was not used and there were no patients without periproce-
dural heparinization, several issues remain to be established.

Conclusions
According to our data, uninterrupted OAT provides a feasible and
safe alternative to the inconvenient ‘bridge’ therapy for patients
undergoing AF ablation. The therapeutic INR level at the time of
the procedure did not increase bleeding complications although
we did not use ICE to monitor TS puncture and the ablation pro-
cedure. Our strategy is likely to reduce the cost of the procedure
and to improve post-operative anticoagulation therapy while
causing no delay in achieving therapeutic INR values after the
procedure.
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