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Abstract
Purpose The aim of this study was to investigate the efficacy
and the safety of prophylactic use of protamine in a series of
heparinized patients having undergone cryoballoon (CB) ab-
lation for atrial fibrillation (AF).
Methods FromOctober 2013 to January 2014, 54 consecutive
patients received protamine after CB ablation to neutralize
unfractionated heparin (UFH) effects. They were prospective-
ly included in this study and compared to a control group of 53
patients who underwent CB ablation without receiving
protamine.
Results A total of 54 consecutive patients (33 male, 61 %;
mean age, 58±12 years) were included. Twenty-one patients
(39 %) presented with hypertension, 17 (31 %) with dyslipid-
emia, and 4 (7 %) with diabetes. Five patients (9 %) had a
previous episode of ischemic stroke. Mean protamine dose
was 68±22 mg. No adverse reaction to protamine was ob-
served. Among patients having received protamine, one (2 %)
experienced a cardiac tamponade requiring non-surgical drain-
age. No patient having undergone protamine administration
experienced vascular complications. Conversely, the group of
patients not treated with protamine had a significantly higher
incidence of vascular complications as compared to patients
having undergone protamine infusion (11 vs 0 %, p=0.01).

Conclusions Reversing effects of UFH by the means of prot-
amine administration appears to be safe after CB ablation for
AF. It can allow in-laboratory sheath removal with potentially
less vascular complications and no increase of thromboem-
bolic risk. Larger randomized studies are needed in order to
confirm our findings.

Keywords Protamine . Heparin . Cryoballoon . Atrial
fibrillation . Ablation

1 Introduction

Ablation of atrial fibrillation (AF) by means of cryoballoon
(CB) has been proven an effective procedure in achieving
pulmonary vein isolation (PVI) [1–3]. Since then, CB ablation
has become increasingly popular and is now widely being
used for the treatment of symptomatic paroxysmal AF refrac-
tory to antiarrhythmic drugs (AADs) [4].

Patients undergoing catheter ablation of AF are at higher
risk of intraprocedural and postprocedural thromboembolic
(TE) events, including those identified as low-risk before
ablation. Therefore, an adequate level of anticoagulation is
needed throughout the entire procedural period. Current
guidelines recommend intraprocedural 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]. Moreover,
systemic anticoagulation therapy with warfarin or direct
thrombin or factor Xa inhibitors is recommended for at least
2 months following the ablation procedure. Periprocedural
anticoagulation, although needful, might contribute to some
of the most common procedural complications, including
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pericardial tamponade and vascular complications. In the
setting of CB ablation, vascular complications might be in-
creased due to the large 15-F sheath that is used in conjunction
with the above-mentioned device. Thus, reversal of heparin-
mediated anticoagulation effects following ablation procedure
might be useful in allowing a quicker catheter removal while
minimizing the risk of potentially severe procedural compli-
cations [5]. Protamine sulfate is the best agent to neutralize
anticoagulant effects of UFH and has been safely used for
decades in patients undergoing cardiothoracic surgery and
percutaneous coronary interventions (PCI) [6, 7]. Moreover,
it seems to be useful and safe even in heparinized patients after
radiofrequency (RF) ablation procedures, reducing postoper-
ative patient’s immobilization and discomfort with no increase
of rate of thrombotic or bleeding complications [8]. To date,
no specific data have been reported on protamine use after CB
ablation. In the present study, we aim to assess the safety of
prophylactic administration of protamine in a series of con-
secutive heparinized patients having undergone CB ablation
for AF.

2 Methods

2.1 Study population

From October 2013 to January 2014, 54 consecutive
patients received protamine after CB ablation to neutralize
UFH effects and were prospectively included in this
study. A retrospective control group was formed by the
previous 53 consecutive patients who underwent CB ab-
lation without receiving protamine from May to Septem-
ber 2013. All patients provided informed consent prior to
the procedure. Patients were affected by drug-resistant
paroxysmal AF. Paroxysmal AF was defined on the fre-
quent occurrence of recurrent episodes of AF self-
terminating within 7 days. Data collected included demo-
graphic characteristics such as age, sex, height, weight,
comorbid conditions, current medications, and allergies.
Baseline international normalized ratio (INR) value was
obtained for all patients before the procedure. A transtho-
racic examination (TTE) enabling assessment of left ven-
tricular ejection fraction and intracavitary dimensions as
well as valve function was performed within 1 week prior
to ablation. To exclude the presence of thrombi in the left
atrial appendage, all patients underwent transesophageal
echocardiogram (TEE) the day before the procedure.
Moreover, all patients underwent a preprocedural comput-
ed tomography (CT) scan to assess left atrial anatomy.
Periprocedural complications, including TE and bleeding
events as well as cardiac tamponade, were collected for
any patient. Cerebrovascular event (CVA), transient ische-
mic attack (TIA), pulmonary embolism (PE), deep vein

thrombosis, and myocardial infarction were considered as
TE complications. Occurrence of blood loss requiring
transfusion or resulting in a 20 % or greater fall in he-
matocrit, groin hematoma requiring intervention, or intra-
cranial hemorrhage were considered as major bleeding
complications. Groin hematoma not requiring intervention
was considered as minor vascular complication.

2.2 Exclusion criteria

The exclusion criteria were the presence of left atrial throm-
bus, severe uncontrolled heart failure, contraindications to
general anesthesia, and previous adverse reaction to
protamine.

2.3 Cryoballoon ablation

The approach used for CB ablation of AF at our institution has
been described in detail previously [9]. All procedures were
performed under general anesthesia. Two right-sided femoral
venous accesses were obtained. In case of accidental puncture
of the femoral artery, a manual compression of the puncture
site was performed for at least 10 min before a new puncture
of the femoral vein was attempted. After having obtained
venous accesses, a 6-Fr decapolar catheter was advanced in
the coronary sinus. Then, a single transseptal puncture was
carried out. A 0.32-Fr Emerald exchange wire (Cordis, John-
son and Johnson, Diamond Bar, CA, USA) was advanced in
the left superior pulmonary vein (PV), and a steerable 15-F
over-the-wire sheath (FlexCath Advance, CryoCath,
Medtronic, MN, USA) was positioned in the left atrium
(LA). A 20-mm in diameter inner lumen mapping catheter
(ILMC) (Achieve, Medtronic, MN, USA) was then advanced
in each PV ostium to obtain baseline electrical information.
After withdrawing the mapping catheter, a 28-mm CB (Arctic
Front, Medtronic, MN, USA) was advanced over the wire up
to the LA, inflated, and positioned in the PV ostium of each
vein. For each vein, CB ablation consisted of at least one
application lasting 3 min. In order to avoid phrenic nerve
palsy, a potential complication observed during right-sided
PV cryoablation, diaphragmatic stimulation was achieved by
pacing the ipsilateral phrenic nerve with a 1,000-ms cycle and
20-mA output. Isolation was verified 10 min after the last
application. Subsequently, the 15-F sheath was retracted into
the right atrium.

2.4 Intraprocedural anticoagulation

UFH was given immediately after having performed the
transseptal puncture and having achieved left atrial access. A
100-U/kg bolus was given intravenously. Additional doses of
UFH were supplied, if needed, to maintain a target ACT of
300 to 400 s throughout the procedure. Baseline and
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maximum achieved ACTwas determined in all patients. ACT
was measured at 15-min intervals until therapeutic
anticoagulation was achieved and then 30-min intervals for
the duration of the procedure.

2.5 Protamine administration

Protamine was given at the end of the procedure, after having
assessed persistence of PV electrical isolation after ablation.
Protamine dosage was determined on the basis of the amount
of UFH received during the procedure using 1 mg of prot-
amine per 100 units of heparin received. The drug was ad-
ministered slowly over a time period of 5 min. ACT was
measured before and after protamine infusion. Blood pressure
was monitored during and after the infusion.

2.6 Sheath removal and mobilization

The 6-F and 15-F femoral sheaths were removed at the end of
protamine administration. After the intervention, all patients
were transferred to the intensive care unit for observation. In
patients who did not undergo protamine administration,
sheaths were removed in the intensive care unit when ACT
declined to 150 s. Sheaths were removed by the electrophys-
iologist in charge of the procedure in all patients, despite the
use of protamine. Venous bleeding was stopped by means of
manual compression lasting at least 10 min. Once the hemo-
stasis was achieved, a period of 10 h of bed rest and groin
compression bandage was indicated. No hemostasis devices,
such as sandbags, other weights, or fem-o-stops, were used.

2.7 Postprocedural management

All patients were dismissed the day following ablation if they
had no complication. After the intervention, patients were
continuously monitored with ECG telemetry for at least
18 h. Postprocedural clinical evaluation consisted in a physi-
cal examination after 6 h from the procedure and before
discharge. The groin was examined for local puncture com-
plications after sheath removal, before mobilization, and at
discharge the next day. Moreover, a TTE was performed in all
individuals in order to exclude postprocedural pericardial
effusion. Oral anticoagulation (OAC) was started the evening
of ablation and continued for at least 3 months even in patients
who were not on anticoagulants before the procedure. OAC
was discontinued after this period in patients with CHA2DS2-
VASc score below 2 as recommended by guidelines [4].
Therapy with warfarin was started the same day following
ablation, and low molecular weight heparin (LMWH) was
used as a bridge to resumption of a target INR of 2–3.
Alternatively, novel oral anticoagulants were administered.
The choice of the anticoagulant drug was driven by
preprocedural patient’s therapy. If warfarin was not

interrupted before ablation, use of LMWH was avoided. An-
tiarrhythmic therapy was administered for 1 month following
the procedure and discontinued if the patient was free of AF
relapse. Patients who experienced minor vascular complica-
tions, such as groin hematomas, were followed up by means
of clinical visit at 1 week, 1 month, and 3 months after
discharge.

2.8 Statistical analysis

Data are presented as mean ± standard deviation (SD) or as
absolute values and percentages where appropriate. The χ2

test and Fisher’s exact test were used to compare categorical
variables. Continuous variables between two groups were
analyzed using the unpaired or paired Student’s t test or the
Mann-Whitney test as appropriate. A p value less than 0.05
was considered statistically significant. Statistical analyses
were conducted using the SPSS software (SPSS v21, IL,
USA).

3 Results

3.1 Baseline characteristics

A total of 54 consecutive patients (33 male, 61 %; mean age,
60±11 years) were included. Baseline clinical characteristics
of the study population are detailed in Table 1. All patients

Table 1 Baseline characteristics of the study population

Clinical
characteristics

Protamine
group (N=54)

Control group
(N=53)

p value

Age (years) 60±11 58±14 0.52

Male (n) 33 (61 %) 31 (58 %) 0.84

BMI 26.7±4.9 26.9±4.5 0.87

Hypertension (n) 21 (39 %) 23 (43 %) 0.69

Dyslipidemia (n) 17 (31 %) 16 (30 %) 1.00

Diabetes (n) 4 (7 %) 5 (9 %) 0.74

Previous stroke (n) 5 (9 %) 3 (6 %) 0.72

Ischemic heart disease (n) 7 (13 %) 6 (11 %) 1.00

LVEF (%) 58±7 55±8 0.78

LA size (mm) 41±6 42±4 0.83

CHA2DS2-Vasc score 1.8±1.5 1.6±1.4 0.44

HAS-BLED score 1.0±0.9 0.9±0.9 0.52

Mean INR 1.6±0.5 1.4±0.6 0.74

Warfarin (n) 31 (57 %) 32 (60 %) 0.84

NOAC (n) 9 (17 %) 9 (17 %) 1.00

Aspirin 14 (26 %) 12 (23 %) 0.82

BMI body mass index, LVEF left ventricle ejection fraction, LA left
atrium, INR international normalized ratio, NOAC novel oral
anticoagulant

J Interv Card Electrophysiol (2014) 41:129–134 131



presented with paroxysmal AF and failed ≥1 class I or III
antiarrhythmic drug (AAD).Mean CHA2DS2-Vasc score was
1.6±1.3 and HAS-BLED score was 1.0±0.9. Preprocedural
oral anticoagulation therapy consisted of warfarin in 31 pa-
tients (57 %) and novel OAC agents in 9 patients (17 %). The
remaining 14 patients (26 %) received preprocedural therapy
with aspirin. Twenty-seven patients of 31 (87.1 %) in the
protamine group and 28 out of 32 (87.5 %) in the control
group did not interrupt warfarin before the procedure. Mean
INR value was 1.6±0.5. A total of 216 veins were depicted on
the preprocedural CT scan.

3.2 Procedural characteristics

Mean procedural and fluoroscopy times were 93±8 and 14±
6 min, respectively. All patients underwent the procedure
using the 28-mm CB. Femoral artery was accidentally punc-
tured in two patients (4 %). Mean minimal temperatures were
−52±7 °C in the left superior PV, −49±5 °C in the left inferior
PV, −51±7 °C in the right superior PV, and −49±4 °C in the
right inferior PV. All 216 PVs (100 %) could be isolated with
the CB only. During procedures, transient phrenic nerve palsy
was observed in three patients (5 %). Diaphragmatic contrac-
tion resumed before the end of the procedure in all. Procedural
characteristics of the study population are shown in Table 2.

3.3 Heparin and protamine administration

The mean dose of UFH administered was 8,900±2,500 U.
Initial UFH bolus dose was 8,000±1,700 U. All patients
achieved during the procedure an ACT value higher than
300 s. Eleven patients (20 %) received an additional dose of
UFH. The average protamine dose was 68±22 mg. Mean
ACT value during the procedure was 325±23 s. Mean ACT
value before and after protamine infusion was 285±40 and
166±22 s, respectively.

3.4 Postprocedural management

No significant difference was found in time to hemostasis
between patients having received protamine and patients in

whom protamine was not administered. Conversely, there was
a significant reduction in the intensive care monitoring time in
patients having undergone protamine as compared to patients
in whom protamine was not administered (78±34 vs 167±
56 min, p<0.01). Moreover, no significant difference was
found in the time from sheath removal to mobilization be-
tween the two groups (687±224 vs 725±301 min, p=0.46).

3.5 Complications

No adverse reaction to protamine was observed. Among pa-
tients having received protamine, one (2 %) experienced a
major periprocedural complication: a late cardiac tamponade
requiring non-surgical drainage. No vascular complication
occurred in the group of patients having undergone protamine
infusion. On the other hand, among control group patients, six
subjects (11 %) experienced a vascular complication. Five
patients had a minor vascular complication which consisted
in groin hematoma that did not require any acute intervention.
They were followed up with clinical visit at 1 week, 1 month,
and 3 months after discharge, and groin hematoma spontane-
ously resolved in all of them. The other patient experienced a
femoral pseudoaneurysm which was treated with thrombin
injection with no further vascular sequelae. Of note, the group
of patients not treated with protamine had a significantly
higher incidence of vascular complications as compared to
patients having undergone protamine administration (11 vs
0 %, p=0.01).

4 Discussion

To our knowledge, this is the first study assessing the
periprocedural outcome of protamine administration in hepa-
rinized patients having undergone CB ablation for recurrent
paroxysmal AF. The main finding of our experience under-
lines the safety of using protamine to reverse the effects of
heparin after CB ablation.

It has been reported that patients undergoing RF catheter
ablation have an increased risk of TE events when ablation is

Table 2 Procedural
characteristics Procedural characteristics Protamine group (N=54) Control group (N=53) p value

Procedural time (min) 93±8 89±12 0.86

Fluoroscopy time (min) 14±6 13±6 0.84

Accidental femoral artery puncture (n) 2 (4 %) 1 (2 %) 1.00

Total unfractionated heparin dose (U) 8,900±2,500 8,700±2,600 0.88

Intensive care monitoring time (min) 78±34 167±56 <0.01

Phrenic nerve palsy (n) 3 (5 %) 4 (7 %) 0.71

Vascular complications (n) 0 6 (11 %) 0.01

Cardiac tamponade (n) 1 (2 %) 0 1.00
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performed in the left heart (1.8 to 2 %) [10]. Due to the
potentially severe consequences of experiencing a
periprocedural TE event, aggressive anticoagulation with
UFH is required during catheter ablation of AF and has
become a cornerstone of the procedural management of these
patients [4]. To reduce the risk of bleeding, ACT must return
towards normal range (<180 s) prior to the removal of the
femoral sheaths. Due to the 90-min half-life of UFH, this
process can take several hours and the patient can experience
discomfort for the prolonged immobilization period and for
the 15-F femoral sheath placed in the femoral vein. Most
importantly, the presence of a large sheath in the femoral vein
for prolonged time could increase the risk of vascular
complications.

Current guidelines state that administration of prot-
amine should be considered in patients having undergone
AF ablation [4]. Protamine is a complex of polycationic
peptides. It has been demonstrated in vitro to decrease
thrombin activity, decrease activation of factor VII by
tissue factor, enhance tissue-type plasminogen activator-
mediated fibrinolysis, decrease factor V activation by ac-
tivated factor X or thrombin, and attenuate platelet func-
tion by inhibition of glycoprotein Ib-von Willebrand factor
activity [11–15]. Because protamine is positively charged,
it forms a stable complex with the negatively charged
heparin, a heterogeneous compound with alternating resi-
dues of iduronic acid and glucosamine. The protamine-
heparin complex is devoid of anticoagulant activities.
Protamine can shorten the amount of time from the end
of the procedure to when the femoral sheaths can be
removed and the patient allowed to mobilize. Additional-
ly, in-laboratory removal of the femoral sheath can reduce
groin complications and can shorten the postprocedural
period of bed rest and hospital stay after an invasive
procedure [5, 7]. It has been shown that antagonizing
heparin with protamine enables immediate removal of an
8-F sheath from the femoral artery in patients having
undergone PCI with no increased risk of TE complications
[6]. Moreover, protamine has been used to treat bleeding
complications following PCI. In fact, the majority of ep-
isodes of cardiac tamponade can be successfully managed
by immediate percutaneous drainage and reversal of
anticoagulation with protamine.

The impact of protamine neutralization of UFH on TE and
bleeding complications has been previously evaluated in the
setting of RF ablation of atrial and ventricular arrhythmias by
a retrospective study by Patel et al., and no significant differ-
ence in complications was found in patients treated with
protamine as compared to those not receiving protamine [8].
Similarly, in our study, TE or bleeding complications were not
increased in the group of patients treated with protamine as
compared to the control group. One patient experienced a late
cardiac tamponade after CB ablation which did not require

surgical intervention and was solved by percutaneous drain-
age and facilitated by protamine administration. Of note, in
our study the incidence of vascular complications, including
groin hematomas and pseudoaneurysms, was significantly
lower in the group of patients having undergone protamine
administration as compared to those not having received
protamine.

Although unfrequently, use of protamine can be occasion-
ally associated with potentially severe adverse reactions in-
cluding hypotension, anaphylactic responses, and pulmonary
vasoconstriction [16]. In our study, no adverse reaction to
protamine occurred. Episodes of abrupt hypotension during
protamine infusion have been reported in 1.2 % of patients
undergoing catheter ablation of AF [17]. Although rapid ad-
ministration of protamine can be the cause of abrupt onset of
hypotension, its specific mechanism is still not well under-
stood. Appropriate interventions for these cases should in-
clude maintenance of the airway with 100% oxygen and rapid
intravascular volume expansion. Moreover, epinephrine can
be used in patients with severe hypotension not responding to
fluid resuscitation.

5 Limitations

Our study has a certain number of limitations. First of all, it is
a single-center non-randomized study conducted in a limited
number of patients. Furthermore, the calculated dose of prot-
amine based on the total amount of heparin administered does
not take into consideration heparin elimination and could have
resulted in excess circulating protamine.

6 Conclusions

Reversing effects of heparin by means of protamine adminis-
tration appears to be safe after CB ablation for AF. It can allow
in-laboratory sheath removal with potentially less vascular
complications and no increase of thromboembolic risk. Larger
randomized studies are needed in order to confirm our findings.
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