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Aims: Antazoline is a first-generation antihistaminic drug used primarily in eye drop
formulations. When administered intravenously, antazoline displays antiarrhythmic
properties resulting in a rapid conversion of recent-onset atrial fibrillation (AF) to sinus
rhythm (SR).

The aim of the study was to assess the influence of antazoline on atrio-venous con-
duction and other electrophysiological parameters in patients undergoing AF ablation.
Methods: An experimental prospective study. Patients scheduled for the first-time
AF ablation, in SR and not on amiodarone were enrolled. Atrio-venous conduction
assessment and invasive electrophysiological study (EPS) were performed before
and after intravenous administration of 250 mg of antazoline. In case of AF induction
during EPS, antazoline was administered until conversion to SR or a cumulative dose
of 300 mg.

Results: We enrolled 14 patients: 13 (93%) men, mean age 63.4 (59.9-66.8) years,
mean CHA,DS»-VASc score 1.6 (1.0-2.2). Antazoline was administered in a mean
dose 257.1 (246.7-267.6) mg. Pulmonary vein potentials and atrial capture during
pulmonary vein stimulation were present before and after the administration of
antazoline. Wenckebach point and atrial conduction times did not change signifi-
cantly, but atrio-ventricular node effective refractory period improved—324.7
(275.9-373.5) ms vs 284.3 (256.2-312.4) ms, P = 0.02. Antazoline was effective in
all 5 (100%) cases of AF induction during EPS. There were no serious adverse events.
Conclusion: Due to the lack of influence on atrio-venous conduction and high
clinical effectiveness, antazoline may be suitable for pharmacological cardioversion

of AF occurring during AF ablation.

The authors confirm that the Principal Investigator for this paper is Michal M. Farkowski and that he had direct clinical responsibility for patients.
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1 | INTRODUCTION

Pulmonary vein isolation (PVI) with subsequent demonstration of the
lack of electrical conduction between the left atrium and pulmonary
veins are cornerstones of atrial fibrillation (AF) ablation—the most
effective rhythm-control therapy for AF patients.? An AF induction
during the procedure may affect PVI assessment and generally requires
electrical or pharmacological cardioversion. Antazoline is a | generation
antihistaminic drug displaying antiarrhythmic properties.® Antazoline is
administered intravenously in 50-100 mg boluses until conversion of
AF to sinus occurs or up to a cumulative dose of 250-300 mg.*® In a
single clinical study over healthy volunteers, after the injection of
100 mg of antazoline the drug concentration in plasma declined rapidly
to 10% of baseline within half an hour. The following measurements
were taken (expressed in means): terminal elimination half-life 2.29 h,
volume of distribution 315 L, mean residence time 3.45 h and
clearance 80.5 L/h. In 1 participant, pharmacokinetic parameters were
significantly different from the rest of the study group.’

The detailed mechanism of antiarrhythmic properties of antazoline
is not entirely clear but current data point to a multichannel mode of
action involving sodium and potassium channels.®>*%*2 Animal model
studies report a significant increase of atrial and ventricular effective
refractory periods (ERP) leading to a remarkable increase in atrial
and ventricular postrepolarization refractoriness, an antiarrhythmic
mechanism observed in amiodarone or quinidine.>°

In human healthy volunteers, the administration of antazoline
prolonged significantly P wave, QRS and QTc duration measured in
surface echocardiography. Haemodynamically, a decrease in stroke
volume was noted without a significant influence on cardiac output,
total peripheral resistance or blood pressure.!?

In a recent study of patients scheduled for ablation of supraven-
tricular tachycardia, antazoline was shown to influence a series of
electrophysiological parameters, including the prolongation of
interatrial conduction and left atrium ERP. Similarly to the previous
study, there was an increase in QTc duration and no significant change
in systolic or diastolic blood pressure.’

Both experimental and clinical studies indicate that biological
effects exerted by antazoline are dose-dependent.®>10:12

In a randomized controlled trial, antazoline was highly effective in
recent-onset AF conversion to sinus rhythm (72.2% conversion rate)
and median time to conversion 16 minutes.® Its effectiveness in the
cases of AF induced during electrophysiological procedures was even
higher and ranged between 92% and 100% in the cases of paroxysmal
AF and sinus rhythm at the beginning of pulmonary vein isolation or
AF inducted during accessory pathway ablation, respectively.**® Time
to conversion in those studies was 20 minutes and 425 + 365 seconds,
respectively.*1® Despite studies into the drug's electrophysiological
properties or effectiveness in the electrophysiology laboratory,

What is already known about this subject
e Antazoline is an effective and safe drug used
intravenously during pharmacological cardioversion of
recent-onset atrial fibrillation (AF) in a wide variety of

patients

e There are no data available concerning its influence on
atrio-venous conduction and other electrophysiological

parameters in patients undergoing AF ablation

What this study adds

e Antazoline administered intravenously in clinically
effective dose did not change atrio-venous conduction

in any of 14 patients

e Antazoline did not change the Wenckebach point or
atrial conduction times, but significantly lowered

atrioventricular node effective refractory period

e The sinus rhythm conversion rate of AF inducted during
EPS was 5/5 (100%) with mean time to conversion
8.4 + 6.2 min. (range 4-19 min.)

there are no data on its influence on a parameter crucial for PVI—
atrio-venous conduction.

The aim of the study was to assess the influence of antazoline on
atrio-venous conduction and other electrophysiological parameters in

patients undergoing pulmonary vein isolation.

2 | METHODS

AntaEP was an experimental prospective study without a control
group. The study protocol was in full compliance with the Declaration
of Helsinki and was approved by the Local Ethics Committee at our
Centre.

We enrolled patients with paroxysmal or persistent AF scheduled
for the first AF ablation according to standard clinical indications.? Eli-
gible patients were in sinus rhythm on the day of ablation and off anti-
arrhythmic drugs (AADs) for at least 3 drug half-lives. The last dose of
betablocker was allowed 1 day before the scheduled procedure.
Exclusion criteria were: redo procedure; planned ablation beyond
PVI (documented flutters); a history of cardiosurgical procedures; AF
on the day of the procedure; chronic amiodarone; acute cardio-
vascular episode during 3 months prior to ablation; heart failure
NYHA class >2; chronic medications influencing cardiac ion channels
(e.g. antipsychotics, antihistamines); and known intolerance to the

study drug.
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2.1 | EPS and study measurements

All patients underwent balloon cryoablation with PVI as the desired
outcome of the procedure.*

After a transseptal puncture, a decapolar catheter remained in the
coronary sinus (CS), a quadripolar catheter was positioned in the high
right atrium and a circular catheter was positioned in consecutive pul-
monary veins to assess the baseline atrio-venous conduction. During
the ensuing electrophysiological study (EPS) the circular catheter
remained in the left superior PV (LSPV, Figure 1).

The EPS protocol consisted of atrial extrastimulus pacing (51-S2:
500-450 ms), atrial incremental pacing and sinus node testing. The fol-
lowing measurements were noted: right atrium and atrio-ventricular
node effective refractory periods (RA and AVN ERP), Wenckebach
point, sinus node recovery time (SNRT) at 160/min and 130/min. The
inter- and intra-atrial conduction times (ms): high right atrium-proximal
CS (CS 9/10), CS 9/10-LSPV, distal CS-LSPV were measured at base-
line atrial pacing (500 ms) and 10 ms above the atrial ERP.

All measurements were taken once by an experienced electrophys-
iologist, similarly to the standard EPS, using LABSYSTEM Pro EP
Recording System (Boston Scientific, Melbourne, MA, USA). We did
not repeat pacing manoeuvres to minimize the risk of AF induction,
which would have rendered measurements impossible.

Atrio-venous conduction was verified in all PVs and EPS was
repeated according to the same protocol 2 minutes after the last bolus
of antazoline, AF conversion to sinus or potential electrical cardiover-

sion (CV; see below). The atrio-venous conduction in consecutive

SID  105cm
FD 30cm
LAO  26°
CAUD 1°

veins was assessed as the presence or absence of PV potentials and
atrial capture during PV stimulation.

2.2 | Administration of antazoline

If AF had been induced during EPS, antazoline was administered intra-
venously until conversion to sinus or cumulative dose of 300 mg.”® In
case of drug ineffectiveness, electrical CV was the treatment of
choice. If no AF had been induced during EPS, antazoline was admin-
istered in divided doses until a cumulative dose of 250 mg. This
scheme was based on our previous research.®” In our opinion, beyond
300 mg the incremental effectiveness of antazoline is marginal, but
the risk of adverse effects increases significantly. In the AnPAF ran-
domized trial the maximum allowed dose of antazoline was 250 mg.®
We decided to maximize the chance of successful cardioversion in
patients with AF induced during EPS by allowing the 300 mg threshold
and minimize the risk of adverse effects in patients in sinus by admin-
istering antazoline up to 250 mg. Since both of those doses have been
effective in previously published pragmatic studies, we did not

conduct any plasma concentration measurements.>®

2.3 | Outcomes

The primary outcome of the AntaEP study was the assessment of

atrio-venous conduction before and after the infusion of antazoline
in a clinically effective dose.

FIGURE 1 Catheter position during
electrophysiological study. A decapolar
catheter placed in the coronary sinus, a
quadripolar catheter in the high right atrium
position, a circular catheter visible in the left
superior pulmonary vein
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Secondary outcomes comprised: changes in electrophysiological
properties of atrial and AV nodal tissue; effectiveness and safety of
antazoline in AF conversion to sinus. Serious adverse events were
defined as: systolic blood pressure <90 mmHg, chest pain/discomfort,
tachycardia >180/min (including AF or flutter with rapid ventricular

response), any ventricular arrhythmia.

2.4 | Statistical analysis

Continuous variables were observed to approximate a normal distribu-
tion and are presented as means and standard deviation. Differences
between group means were tested by paired Student t-test. Categor-
ical variables are reported as frequencies and percentages and
compared by McNemar test. All tests were 2-tailed and a P-value of
<.05 was considered statistically significant. All statistical calculations
were performed using SAS version 9.4.

3 | RESULTS

We enrolled 21 patients, but 7 were not included in the analysis due
to AF present at the beginning of the procedure or AF induction
during catheter manipulation or initiation of EPS. Among 14 patients
included in the analysis, 13 (93%) were men. Mean age was
63.4 + 5.9 years old (range 53-71 years), mean CHA,DS,-VASc score
1.6 + 1.0 (range 0-3) and mean left atrium diameter 41.6 + 4.3 mm.
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Antazoline was administered intravenously in a mean dose
2571 + 182 mg
5.21 * 1.19 min. There were no serious adverse effects of the infusion.

(range 250-300 mg) per patient over

Both PV potentials and atrial capture during PV stimulation were
present in 4 veins in all patients; there was not a single case of left
common pulmonary trunk in this series. Infusion of antazoline did
not change PV potentials and atrial capture during PV stimulation
(Figure 2) in any patient (k = 1).

The electrophysiological parameters before and after the drug
infusion are presented in Table 1. Table 2 summarizes atrial conduc-
tion times. AV node dual physiology was detected in 3 patients
(21.4%). both before and after infusion.

AF was induced during EPS in 5 (35.7%) patients. Antazoline was
effective in all cases with a mean conversion time 8.4 + 6.2 min (range
4-19 min). Intravenous 5 mg metoprolol was added to antazoline in 1
patient (7.1%).

4 | DISCUSSION

The AntaEP study has shown that antazoline administration does not
change atrio-venous conduction (Figure 2). It has also confirmed its
high effectiveness and rapid onset of action making antazoline a suit-
able choice for pharmacological cardioversion of AF during PVI. The
consensus end point of AF ablation is the achievement of PVI defined
as the lack of electrical conduction between the left atrium and
pulmonary veins.? In practice, as in major clinical trials (CABANA,
CASTLE AF), PVI is demonstrated when pacing from within the
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FIGURE 2 Endocardial tracing depicting pulmonary vein potentials (LAS 1/2 to 7/8, left side of the tracing) and conduction to the left atrium
while pacing from the left superior pulmonary vein (right side of the tracing) after intravenous administration of 250 mg of antazoline
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TABLE 1 Basic electrophysiological parameters measured before and after the administration of antazoline

Baseline
Right atrium ERP (ms) 250 + 23.9
AV node ERP (ms) 3247 + 84.5
SNRT 160/min (s) 1306.0 + 159.9
SNRT 130/min (s) 1230.3 + 337.2
Wenckebach point (/min) 151.6 + 24.4

Antazoline P
259.3 + 25.6 0422
284.3 + 48.6 .0214

1339.2 + 150.5 .0592

1222.3 + 278.9 .9643
148.1 £ 23.6 1394

AV, atrio-ventricular; ERP, effective refractory period; SNRT, sinus node recovery time.

TABLE 2 Atrial conduction times before and after the administration of

Baseline
HRA-proximal CS (CS 9/10) 111.4 £ 20.9
HRA-proximal CS (CS 9/10) ref® 159.0 + 43.3
Proximal CS (CS 9/10)- LSPV 421 +19.6
Proximal CS (CS 9/10) - LSPV ref® 13.0 £ 35.6
Distal CS (CS 1/2)- LSPV -24.2 £ 20.1
Distal CS (CS 1/2) - LSPV ref® -33.7 £ 284

CS, coronary sinus; HRA, high right atrium; LSPV, left superior pulmonary vein.

®measured 10 ms above the right atrium effective refractory period (RA ERP).

ablation line, which encircles the ipsilateral veins, captures local atrio-
venous tissue but does not propagate beyond the line and does not
activate the atrium.'*®> This can be reliably demonstrated only in
sinus rhythm. Drugs influencing atrio-venous conduction can poten-
tially interfere with this assessment leading to a false evaluation of
an AF ablation endpoint. Previous antazoline studies conducted in
the electrophysiology laboratory concentrated either on its electro-
physiological properties or clinical effectiveness, yet none reported
any information on atrio-venous conduction.*>*% This observation
was of paramount interest in terms of PVI and the results of this study
were straightforward: antazoline did not alter atrio-venous conduction
in any patient (Figure 2). Despite the clinical practice of class Ic AADs
(flecainide, propafenone) administration during AF ablation there are
no widely known studies describing their effect on electrophysiologi-
cal parameters of human LA, atrio-venous conduction or even clinical
effectiveness in AF induced during the EP procedure. The present
study fills those gaps in our knowledge in terms of antazoline while
previously published retrospective studies already showed high AF
conversion rates during ablation procedures.**2

The exact antiarrhythmic mechanism of antazoline remains unclear
but recent animal studies derived significant data in this matter. In an
experimental model of AF, antazoline modestly but significantly
increased interatrial conduction time, a parameter not affected by
flecainide. More interestingly, antazoline prolonged atrial action
potential duration and increased the atrial effective refractory period.
This resulted in an increase of atrial postrepolarization refractoriness,
an antiarrhythmic mechanism shared by other AADs (amiodaron, quin-
idine).> An experimental model of long/short QT further reinforced

this theory, demonstrating the prolongation of ventricular ERP and a

antazoline expressed in ms

Antazoline P
115.7 £ 25.5 1559
179.4 + 35.5 1526
643 +26.2 6437
15+ 26.6 2282
-27.7 £ 198 .3349
-40.1 £ 18.2 .2407

remarkable increase in ventricular PPR.2° The clinical effect observed
in both studies was the abolition of atrial fibrillation and ventricular
arrhythmia. EP studies in humans, involving supraventricular tachycar-
dia patients and a current study over AF patients, show the drug's
more or less pronounced influence on atrial and AV nodal ERP, with
varied influence on inter- and intra-atrial conduction times and an
excellent clinical effect.>*?

Clinical effectiveness of antazoline was investigated in 1
double-blind randomized controlled trial and in a series of
retrospective case-controlled studies covering a wide variety of
patients.#¢8131617 |y 3 short-standing (<48-hour) AF, conversion
rates to sinus were about 70-80% and time to conversion ranged
between 7 and 20 minutes.®®%7 For AF induced during the EP pro-
cedure, antazoline effectiveness reached almost 100%.%1% Antazoline
was reported to be as effective or superior to propafenone and clearly
more effective than amiodaron when administered in an emergency
department.”"*”

Similarly to published data, the AntaEP study has shown lack of
significant influence of antazoline on Wenckebach point and SNRT.®
In our study, AV node ERP was significantly lower after the drug infu-
sion (Table 1), which is not entirely different from the previous publi-
cation, where the absolute values of AV node ERP were markedly
distinct before and after the drug infusion - 290.67 + 20.15 ms vs
252.0 + 22.39 ms, although the difference did not reach statistical sig-
nificance.® The reason for such discrepancy remains unclear as the
enrolment was similar in both experiments. Contrary to the study by
Binkowski et al., there were no significant differences in atrial conduc-
tion times before and after antazoline. Our population was older (age
range 53-71 years vs 17-72 years) and scheduled for AF ablation



FARKOWSKI €T AL.

where patients in the other study were scheduled for ablation of sup-
raventricular arrhythmias.®>

The sinus conversion rate in our study was 100% (5/5) and was
comparable with previous studies, where antazoline effectiveness in
AF inducted during the EP procedure was as high as 90-100%.%12
While the time to conversion was generally short (8.4 + 6.2 minutes),
in 1 patient, it took 19 minutes and sinus returned as the operator
was waiting for an anaesthesiologist to perform electrical CV. The
authors of the biggest analysis comprising patients undergoing PVI
and treated with antazoline (141 patients, 55 in sinus at the
beginning of the procedure) assessed drug's effectiveness after
20 minutes.*

There were no serious adverse events during the study. Antazoline
is known to induce a plethora of mild side effects: nausea, metallic
taste, blushing, among others.*®8 The drug can also prolong QTc
interval, convert AF to sustained atrial tachycardia or flutter (including
1:1 conduction), unmask underlying conduction disturbances or sick
sinus syndrome, exacerbate existing heart failure, and provoke chest
pain or hypotension.#¢-81216181% Therefore, antazoline should be
administered intravenously under continuous cardiac monitoring in
the setting of emergency department, cardiological ward, cardiac
intensive care unit or electrophysiology catheterization laboratory.

While eye drops containing antazoline are available across Europe,
intravenous antazoline is produced and marketed in Poland. It has a
Summary of Product Characteristics and is registered for pharmaco-
logical cardioversion of AF in Poland. Data on its development are
limited as the drug was studied extensively around the world in
1960s and 1970s.222 Intravenous antazoline was effective against
both supraventricular and ventricular arrhythmias but failed to prevent
AF recurrence while given orally.*® There have also been case studies
suggesting an elevated risk of thrombocytopenia, cardiac arrest or 1:1
flutter; the latter has been confirmed in contemporary studies.?®2°
Published data indicate that antazoline is available in the experimental
setting in Germany, Egypt and China, while less is known about clinical

practice 32627

4.1 | Limitations

This was a single-centre study without a control group that enrolled
relatively few patients. In our opinion, unequivocal results of the
primary outcome and secondary results comparable to previously
published data offset at least some of those limitations.

Since antazoline doses of 250-300 mg have been effective in pre-
viously published pragmatic studies we considered them the target
doses and did not conduct any plasma concentration measurements.
Unfortunately, this fact ruled out any possibilities to study the associ-
ation between the concentration of the drug and electrophysiological
parameters or assess drug metabolism. This is a major limitation of the
study.

Study measurements were taken by an experienced electrophysi-
ologist once during an EPS. This was similar to the previously pub-

lished report but averaged measurements might have been more
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reliable than a single result. Also, pacing manoeuvres performed during
the study were limited to a minimum and not repeated to minimize the
risk of AF induction. Both of those facts should be considered when
interpreting the results of the study.

5 | CONCLUSION

Antazoline does not influence atrio-venous conduction, has high
effectiveness and rapid onset of action, therefore may be suitable
for pharmacological cardioversion of atrial fibrillation induced during
an atrial fibrillation ablation procedure.
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