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Abstract

Purpose Anticoagulation with heparin is required during
catheter ablation of atrial fibrillation (AF) to reduce systemic
thromboembolism. In this study, we aim to compare safety
and efficacy outcomes between patients who receive prot-
amine administration for reversal of heparin and those who
do not, following cryoballoon-based pulmonary vein isolation
(PVI) for AF.

Methods Patients with symptomatic paroxysmal or persistent
AF despite >1 antiarrhythmic drug(s) were scheduled for PVI
per the recent consensus recommendations. Some patients
were administered protamine at the end of the procedure de-
pending on the operator’s choice.

Results Among 380 patients [48.2 % male, 56 (20-86)years]
that were enrolled, 188 patients received protamine at the end
of the procedure. Baseline characteristics did not differ be-
tween groups (p>0.05). Mean protamine dose was 39.1+
6.4 mg. Only 1 patient developed rash following protamine
infusion. Hospital stay was significantly shorter in patients
who were administered protamine (1 [1-5] vs. 2 [1-7]days,
p<0.001). Hematoma/pseudoaneurysm or femoral AV fistula
requiring surgical or interventional repair in the femoral ac-
cess site occurred in 2 (1.1 %) patients who received prot-
amine and 12 (6.3 %) patients who did not (»p=0.011). Deep
vein thrombosis was seen in 1 patient in whom protamine was
not administered (p=0.499).
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Conclusion To the best of our knowledge, this is one of the
largest series showing that protamine administration for hep-
arin reversal in patients undergoing cryoballoon-based PVI
allows quicker sheath removal and minimizes the risk of po-
tential vascular complications without causing an increase in
thrombotic events.
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1 Introduction

Atrial fibrillation (AF) is a common arrhythmia and is known
to be associated with frequent hospitalization, hemodynamic
abnormalities and thromboembolic events [1]. Catheter abla-
tion has emerged as a beneficial strategy for rhythm control to
improve symptoms and quality of life in AF patients [2].
However, periprocedural thromboembolism is a relatively
common complication. The incidence of thromboembolic
events varies from 1 to 5 %, depending on the ablation and
the anticoagulation strategy used in the periprocedural period
[3]. Current guidelines recommend administration of
unfractionated heparin (UFH) prior to or immediately follow-
ing transseptal puncture and dose adjustment to maintain an
activated clotting time (ACT) above 300 s [4]. Nevertheless,
reversal of heparin-mediated anticoagulation is required to
avoid procedural complications, including vascular access
complications or cardiac tamponade. Administration of prot-
amine sulfate has been reported to be safe in patients under-
going radiofrequency catheter ablation [5]. Recently, reversal
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of UFH-mediated effects by protamine administration has
been reported to be safe in patients undergoing cryoballoon-
based pulmonary vein isolation (PVI) [6].

In the present study, we aim to assess safety and efficacy
outcomes of protamine sulfate administration for reversal of
UFH-mediated anticoagulation following cryoballoon-based
PVI in a larger study population.

2 Methods
2.1 Study population

During the period between September 2010 and December
2014, 380 patients with symptomatic paroxysmal or persistent
AF despite >1 antiarrhythmic drug(s) who were scheduled for
cryoballoon-based AF ablation procedure per the recent con-
sensus recommendations were included in this retrospective
study [4].

Atrial fibrillation episodes that either last >7 days or require
termination by cardioversion, either with drugs or by direct
current cardioversion were defined as persistent; where AF
episodes self-terminating within 7 days were defined as par-
oxysmal AF [7]. Patients who had moderate—severe valvular
disease, thrombus in left atrium (LA), abnormal thyroid func-
tion, contraindication to anticoagulation, and left ventricular
ejection fraction (LVEF) <50 % were excluded from the study.

Baseline demographic and clinical characteristics including
age, gender, hypertension, diabetes mellitus, coronary artery
disease, smoking history, and alcohol consumption were re-
corded for all patients. Data related to the diagnosis of AF
including date of first diagnosis, oral anticoagulation, and an-
tiarthythmic medications were also recorded. Risk stratifica-
tion for thromboembolism and bleeding complications were
performed based on CHA,DS,-VASc and HAS-BLED
scores, respectively [7]. The study was in compliance with
the principles outlined in the Declaration of Helsinki and ap-
proved by the Institutional Ethics Committee.

2.2 Pre-procedural management

All patients underwent transthoracic echocardiography (TTE)
within 1 week prior to ablation to assess intracavitary dimen-
sions, LVEF and to exclude valvular heart disease. Trans-
esophageal echocardiography was performed to rule out the
presence of thrombus in the LA appendage, the day before
procedure. Furthermore, patients underwent a pre-procedural
multidetector computed tomography (MDCT) scan with three
dimensional (3D) construction of the LA to assess detailed LA
anatomy, including evaluation of the pulmonary vein (PV)
configuration. Anticoagulation was discontinued at least 48—
72 h before the procedure and the pre-procedural interval was
bridged with enoxaparin 1 mg/kg. Treatment with
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antiarrhythmic drugs was discontinued for at least 3 days prior
to the procedure.

2.3 Ablation procedure

Ablation was performed under conscious sedation using bo-
luses of midazolam. Invasive arterial blood pressure, oxygen
saturation, and electrocardiogram were monitored throughout
the procedure.

Right femoral vein and left femoral vein and artery punc-
tures were performed with Seldinger technique. A 6Fr steer-
able decapolar catheter (Dynamic Deca™, Bard Electrophys-
iology) was placed in the coronary sinus. Single transseptal
puncture by modified Brockenbrough technique (BRK-1™,
St Jude Medical) was performed under fluoroscopy and 8Fr
transseptal sheath (Biosense Webster) was placed into the LA.
Once LA access was obtained, heparin boluses were repeat-
edly administered to maintain the activated clotting time be-
tween 300 and 350 s. The sheath was then exchanged for a
12Fr steerable transseptal sheath (FlexCath™, Medtronic
CryoCath) over a guidewire (0.032 in., 180 cm Super Stiff™,
St Jude Medical). During PVI with Arc-CB, baseline electrical
potentials of all PVs were recorded with a Lasso catheter™
(Biosense Webster, Inc.). In patients who underwent PVI with
Arc-Adv-CB, the Achieve Mapping Catheter™ (Medtronic,
Minneapolis, MN, USA) was positioned at the PV ostium
where baseline PV potentials were documented [8].

A 28-mm first generation CB catheter (Arctic Front™,
Medtronic CryoCath LP) was used in 197 patients who
underwent PVI between September 2010 and December
2012. A 28-mm second generation CB catheter (Arctic Front
Advance™, Medtronic CryoCath LP) was used in 183 pa-
tients who underwent PVI between December 2012 and De-
cember 2014. The cryoballoon was maneuvered to all PV ostia
by means of the steerable 12Fr sheath and a guidewire was
inserted through the lumen of the balloon catheter. The bal-
loon was inflated in the LA and then directed toward the PV
ostia. Assessment of balloon occlusion was performed by
injecting 50 % diluted contrast through the cryoballoon cath-
eter’s central lumen. Optimal vessel occlusion was considered
to have been achieved when selective contrast injection
showed total contrast retention with no flow back to the LA.
Once occlusion was documented, cryothermal energy was
started. A minimum of two consecutive freezing cycles were
performed for each pulmonary vein. In cases of incomplete
isolation of PV ostia, additional freezing cycles were applied
until complete isolation was achieved. The duration of each
freezing cycle was 240 and 300 s in patients undergoing PVI
with Arc-Adv-CB and Arc-CB, respectively. The procedure
systematically began with the left superior PV (LSPV),
followed by the left inferior (LIPV), right superior (RSPV),
and right inferior (RIPV) PVs, respectively. During ablation, if
PV potentials (PVP) were visible during energy delivery, time
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to isolation was recorded when PVPs completely disappeared
or were dissociated from LA activity. At the end of the proce-
dure, PV conduction was reevaluated with the Lasso and
Achieve catheters in PVI with first and second generation
CB, respectively.

To avoid PNP, the decapolar catheter was inserted in the
superior vena cava, and diaphragmatic stimulation was
achieved by pacing the ipsilateral phrenic nerve with a
1000-ms cycle and a 20-mA output. PN capture was moni-
tored by intermittent fluoroscopy and tactile feedback obtain-
ed following placement of the operator’s hand on the patient’s
abdomen. Refrigerant delivery was immediately stopped if
weakening or loss of diaphragmatic movement was noted.
No further cryoenergy was delivered if PNP occurred.

2.4 Post-procedural management

A TTE was performed immediately after the procedure to
exclude the presence of pericardial effusion.

Protamine was given at the end of the procedure for rever-
sal of UFH-mediated anticoagulation effects in some patients
depending on the operator’s choice. Protamine dose was de-
termined on the basis of the amount of UFH received during
the last hour of the procedure (total dose calculated as 1 mg of
protamine per 100 units of heparin received, maximum prot-
amine dose was 50 mg) and was administered slowly over a
time period of 5 min [9]. Hemodynamic monitorization was
continued during and after the infusion. In patients who re-
ceived protamine, sheaths were removed following activated
clotting time (ACT) assessment. On the other hand, in patients
who did not receive protamine, sheaths were removed in the
intensive care unit approximately 90 min after the last heparin
dose, without assessing ACT. Venous and arterial bleeding
was stopped by means of manual compression. Once the he-
mostasis was achieved, a period of 6 h of bed rest and 12 h of
groin compression bandage was indicated.

All patients were followed up for at least 24 h in the telem-
etry unit. Any neurologic symptom or sign was evaluated
cautiously for thromboembolism or bleeding events. Such
cases were consulted with the neurology department and fur-
ther evaluated with cranial computed tomography and/or mag-
netic resonance imaging in accordance with their suggestions.
The groin was examined for complications related with punc-
ture and/or thrombosis at discharge. When pseudoaneurysm
or arteriovenous fistula was suspected at examination, the pa-
tient underwent further evaluation with Doppler sonography.
Patients were then discharged provided that their clinical sta-
tuses were stable. Anticoagulation was initiated with low-
molecular weight heparin and vitamin K antagonists at least
6-8 h after sheath removal, provided that there was no peri-
cardial effusion on transthoracic echocardiogram. Oral
anticoagulation with vitamin K antagonists was continued
for at least 3 months after the procedure. Antiarrhythmic drug

treatment was also continued for at least 3 months. Patients
who experienced minor vascular complications were followed
up by means of clinical visit at 1 and 4 weeks after discharge.

2.5 Statistical analysis

Normally distributed continuous parameters are presented as
mean+standard deviation and skewed continuous parameters
are expressed as median (interquartile range defined as QI-
Q3, minimum-maximum). Categorical data are presented as
frequencies and percentages and are compared using chi-
square test. Comparisons between baseline characteristics
are performed by independent student 7, Mann-Whitney
rank-sum, Fisher exact, or chi-square tests where appropriate.
Statistical analyses are performed using SPSS statistical soft-
ware (version 21.0; SPSS Inc., Chicago, Illinois, USA). A
two-tailed p<0.05 is considered statistically significant.

3 Results

Three hundred eighty patients [48.2 % male, 56 (20-86)years]
were evaluated in this study. Of them, 188 patients received
protamine post-procedurally. Baseline characteristics of the
study population depending on protamine administration are
shown in Table 1. None of the baseline demographic, clinical,
laboratory, or echocardiographic parameters differed between
patient groups.

Procedural and post-procedural follow-up characteristics of
the study population are shown in Table 2. Mean dose of UFH
administered during the procedure was 7817.8+1274.3 U and
did not differ between patients who received protamine and
who did not (Table 2). Initial UFH bolus dose was 3294.0+
793.7 U. Total protamine dose was 39.1+6.4 mg. Only one
patient developed rash following protamine infusion, which
responded well to intravenous antihistamine and corticoste-
roid administration.

Time to sheath removal (6.3£2.4 vs. 96.3+2.4 min,
p<0.001) and mobilization (366.3+13.3 vs. 456.3+
13.4 min, p<0.001) was significantly shortened in patients
who received protamine, whereas time to hemostasis did not
significantly differ between two groups (p=0.972). Hospital
stay was shortened in patients who received protamine [1 (1—
5) vs. 2 (1-7)days, p<0.001]. Patients who received prot-
amine developed less vascular access complications [2 (1.0)
vs. 12 (6.3), p=0.011]. Among those who received protamine,
one patient developed hematoma/pseudoaneurysm and anoth-
er 1 patient developed arteriovenous fistula. Of patients who
did not receive protamine, 8 patients developed hematoma/
pseudoaneurysm, and 4 patients developed arteriovenous fis-
tula requiring surgical or interventional repair. Hematoma re-
solved spontaneously in all patients and none of the patients
required blood transfusion. Femoral pseudoaneurysms were
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Table 1 Baseline characteristics

of the study population (n=380) Protamine administration—  Protamine administration+  p value
n=192) (n=188)
Demographic parameters
Gender: male 7 (%) 88 (45.8) 95 (50.5) 0.423
Age (years) 57 (20-86) 55 (27-76) 0.432
Clinical parameters
BMI (kg/m?) 24.5+3.0 24.9+3.1 0.368
Hypertension 7 (%) 94 (49.0) 81 (43.1) 0.337
Diabetes mellitus n (%) 25 (13.0) 31 (16.5) 0.499
Coronary artery disease 7 (%) 29 (15.1) 17 (9.0) 0.147
Alcohol consumption n (%) 94.7) 10 (5.3) 1.000
Active smoking n (%) 64 (33.3) 51(27.1) 0.298
CHA,DS;-VASc score 1(0-7) 1 (0-6) 0.141
High thromboembolic risk 73 (38.0) 66 (35.1) 0.402
(CHA,DS,-VASc score>2) n (%)
HAS-BLED score 1(0-3) 0 (0-3) 0.528
Duration of AF (months) 5(1-36) 6 (1-30) 0.831
Type of AF: persistent 1 (%) 29 (15.1) 42(22.3) 0.142
Medications
-Amiodarone n (%) 64 (33.3) 56 (29.8) 0.535
-Dronaderone n (%) 0(0.0) 1(0.5) 1.000
-Propafenone n (%) 113 (58.9) 117 (62.2) 0.096
-Sotalol n (%) 15 (7.8) 14 (7.4) 0.847
Anticoagulation n (%) 60 (31.3) 52 (27.7) 0.428
Laboratory parameters
INR 1.3+0.4 1.2+0.3 0.218
Serum creatinine (mg/dL) 0.8+0.2 0.8+£0.2 0.712
AF atrial fibrillation, Arc-CB Echocardiographic parameters
Arctic Front cryoballoon, BMI LAD (cm) 39+0.4 38+04 0.125
body mass index, INR LVEDD (cm) 47404 47404 0.475
international normalized ratio,
LAD left atrial diameter, LVEDD LVEF (%) 65.9+3.5 65.9+3.1 0.979
left ventricular end-diastolic di- Procedural parameters
ameter, LVEF left ventricular Type of cryoballoon: Arc-CB (%) 98 (53.6) 98 (53.3) 0.961

ejection fraction

treated with manual compression. No symptomatic thrombo-
embolic events (eg., transient ischemic attack, cerebrovascular
accident) were observed in any groups. Thrombotic events did
not differ between groups in a statistically significant way (p=
0.499). Deep vein thrombosis occurred in only 1 patient who
had not received protamine. Other complications related with
the procedure included mild pericardial effusion and pericar-
dial tamponade, none of whose incidence differed between
groups (Table 2). Pericardial tamponade case was treated with
non- surgical drainage.

4 Discussion
To the best of our knowledge, this is the largest series
reporting the safety and efficacy of protamine administration

for reversal of UFH-mediated anticoagulation in patients
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undergoing cryoballoon-based PVI for AF. Our findings sug-
gest that protamine sulfate administration in this patient group
shortens sheath removal time, hospital stay, and minimizes
vascular access complications without causing an increase in
thromboembolic or thrombotic events.

Periprocedural thromboembolic and hemorrhagic events
are of the most feared complications of catheter ablation for
AF. Procedure-related strokes or transient ischemic attacks
have been reported to occur in approximately 1 % of patients
undergoing conventional RF ablation [10]. Furthermore, a
higher rate of subclinical cerebral emboli has been detected
in imaging studies, and incidence of subclinical microembolic
events has been reported to vary between 8 and 14 % after
cryoenergy or externally irrigated RF procedures [11, 12].
Embolic events related to PVI have been found to be linked
with several issues including dislodgment of a pre-existing left
atrial thrombus by catheter manipulation or formation of fresh
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Table 2 Procedural and post-procedural follow-up characteristics of the study population (n=380)
Protamine administration—(n=192) Protamine administration-+(n=188) p value

Procedural time (minutes) 71.3£12.1 73.6£12.6 0.104
Fluoroscopy time (minutes) 15.1£2.7 15.04£2.5 0.877
Total UFH dose (U) 7827.0+1270.4 7808.4+1281.6 0.889
Time to sheath removal (minutes) 96.3+2.4 63+£24 <0.001*
Time to hemostasis (minutes) 6.1£1.6 6.1£1.6 0.972
Time to mobilization (minutes) 456.3+13.4 366.3+13.3 <0.001*
Hospital stay (days) 2 (1-7) 1 (1-5) <0.001*
Vascular access complications 7 (%) 12 (6.3) 2(1.1) 0.011*
Thromboembolic events n (%) 0(0) 0(0) 1.000
Thrombotic complications

-Deep vein thrombosis 7 (%) 1(0.5) 0(0) 0.499
Other complications

-Mild pericardial effusion 7 (%) 17 (8.9) 10 (5.3) 0.230

-Pericardial tamponade 7 (%) 1(0.5) 0(0) 1.000

UFH unfractionated heparin
*p<0.05

thrombus on the sheath, the catheter, and over the newly cre-
ated myocardial lesions [13]. Therefore, optimizing
periprocedural anticoagulation is of vital importance.

There is limited evidence on bridging oral anticoagulants
among atrial fibrillation patients undergoing invasive proce-
dures. For patients at higher risk of thromboembolism (me-
chanical valves, prior stroke, CHA,DS,-VASc score >2),
bridging with UFH or LMWH is a common practice, although
data for LMWH are limited [14]. Several studies have sug-
gested that bridging resulted in a high incidence of bleeding
complications, especially at the site of vascular access
[15—17]. Therefore, an increasingly common approach is to
perform several procedures, including catheter ablation, with-
out interrupting warfarin [ 18]. It is reported that radiofrequen-
cy catheter ablation of AF performed with a therapeutic INR
does not increase bleeding risk and reduces the risk of emboli
[18, 19]. Additional studies (e.g., BRIDGE [Bridging
Anticoagulation in Patients who Require Temporary Interrup-
tion of Warfarin Therapy for an Elective Invasive Procedure or
Surgery]) are ongoing. However, in our institution during the
time the study took place, bridging oral anticoagulants was the
preferred strategy.

Aggressive anticoagulation with UFH is required during
catheter ablation of AF [4]. However, half-life time for elim-
ination of UFH may cause prolonged immobilization period.
Furthermore, the presence of a large sheath in the femoral vein
for prolonged time may increase the risk of vascular compli-
cations [6]. At this point, protamine sulfate, which is used to
neutralize UFH and thereby reverse anticoagulation in cardiac
and vascular procedures [20], may help overcome this unfa-
vorable outcome. Besides previous studies showing its desired
effects following percutaneous coronary interventions both

for providing early sheath removal [21, 22] and treating vas-
cular complications including vessel rupture and major bleed-
ing from the puncture site [23], protamine administration has
also proved to be safe and effective in patients undergoing
radiofrequency catheter ablation for AF [5] and cryoballoon-
based PVI [6]. Our study, which has the largest study popula-
tion to date, also confirms these results. Antagonizing UFH
with protamine has shortened time to sheath removal and mo-
bilization and also hospital stay, without causing an increase in
thromboembolic or thrombotic events. Furthermore, vascular
access complication burden was also reduced in patients who
received protamine. A repeat measurement of ACT before
sheath removal in patients who did not receive protamine
may have been beneficial for lowering vascular access com-
plication rate in this group.

Incidence of adverse reactions due to protamine adminis-
tration, such as rash, urticaria, transient systemic hypotension,
edema of the skin, mucosa and viscera, decreased systemic
vascular resistance, bronchospasm, or pulmonary vasocon-
striction, was reported to be 1.1 % [20]. Incidence of adverse
effects due to protamine in our study was low (0.3 %) in a
similar way. However, close monitorization for these rare but
serious complications is essential following administration of
the drug for early diagnosis and appropriate management.

5 Study limitations
This study has some limitations. First, this is a non-
randomized and retrospective study. Second, only clinically

apparent events suspected for thromboembolism were evalu-
ated and cases were not investigated for silent
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thromboembolism. Furthermore, protamine administration
was dependent on operator’s choice. This may have caused
bias, however baseline characteristics of the patients did not
differ between those who received and who did not receive
protamine.

6 Conclusion

Post-procedural protamine sulfate administration for reversal
of UFH-mediated anticoagulation in patients undergoing
cryoballoon-based PVI for AF shortens sheath removal time,
hospital stay, and minimizes vascular access complications
without causing an increase in thromboembolic or thrombotic
events. These findings should be proved in further random-
ized studies.
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