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Abstract

Introduction Single-shot devices have been developed to simplify pulmonary vein isolation (PVI). Randomized studies of the
second-generation cryoballoon (CB 2nd) demonstrated excellent results. There are limited data comparing results of circular
pulmonary vein ablation catheter (PVAC) with conventional RF ablation or CB for PVIL.

Objective Using a sequential registry cohort and a prospective randomized study, we aimed to compare the acute and long-term
results of CB 2nd and PVAC Gold.

Methods In the registry, consecutive patients with paroxysmal atrial fibrillation (AF) undergoing their first PVI were included.
The preferred method used was PVAC Gold in 2014 and CB 2nd in 2015. Subsequently, a randomized study (PVAC vs. CB 2nd)
was performed. Ablation success was measured as freedom of AF or atrial tachycardias (AT) off antiarrhythmic drugs.

Results In the registry cohort, PVAC Gold was used in 60 patients and CB 2nd in 56 patients (age 66 + 11 years, 52% male, LAD
43 +6). In the randomized study, 20 patients were treated with PVAC Gold and 22 with CB 2nd (age 67 £9; 43% men, LAD 40
+ 7 mm). During a mean follow up of 13.2 & 3.6 months, success was 54% in PVAC Gold patients and 81% in CB 2nd cases (p =
0.001). In the randomized study 12 months success was 50% versus 86%, p < 0.05. Complications occurred rare in both groups.
Conclusions Our registry data and the randomized study both suggest superiority of PVI using CB 2nd as compared with PVI
using PVAC Gold.

Keywords Atrial fibrillation ablation - Pulmonary vein isolation - Cryoballoon ablation (CB) - Circular pulmonary vein ablation
catheter (PVAC)

1 Introduction radiofrequency (RF) ablation [2, 3]. This is true even when

comparing second-generation techniques, such as CB ablation

Complete pulmonary vein isolation (PVI) at the atrial level is
the best documented target for catheter ablation of atrial fibril-
lation (AF) [1]. In paroxysmal AF, the long-term success of
sole PVI is comparably high. Single-shot devices have been
developed to simplify the PVI procedure. Several studies have
documented that one of the single-shot devices, the
cryoballoon (CB), can replicate the results of point-by-point
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using Artic Front Advance and novel contact force guided RF
ablation using 3D mapping [4, 5]. In paroxysmal AF cases,
CB 2nd ablation results in an approximately 80% success rate
[4-6]. The pulmonary vein ablation catheter (PVAC) is anoth-
er tool that provides a simplified, fast method for achieving
PVL It consists of a circular mapping and ablation catheter
and uses pulsed RF energy. The procedures can be performed
very quickly and are associated with only minimal
periprocedural risks [7-9]. Published success rates for the
second-generation device of the PVAC (PVAC Gold) seem
to be less optimal than those documented for CB 2nd [7-10].
The aim of our study was to compare for the first time proce-
dural data, including complications and success rates, of the
second-generation CB and PVAC devices. This involved the
evaluation of a registry cohort followed by the performance of
a randomized study comparing CB 2nd and PVAC-Gold for
the ablation of paroxysmal AF. This represents the first direct
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comparison of acute and long-term results of the second-
generation PVAC and CB techniques for treatment of parox-
ysmal AF.

2 Methods
2.1 Study design

The present study consisted of two parts. The first was a pro-
spective, observational, single-center registry comparing out-
comes of patients with paroxysmal AF who had undergone
ablation procedures using CB 2nd or PVAC-Gold.

The second part of the study was a prospective, random-
ized, single center, pilot trial in patients undergoing a first
ablation attempt for paroxysmal AF. Such patients were ran-
domized to PVAC Gold or to CB 2nd ablation.

For the randomized pilot study, a cohort of 60 patients had
been planned. A pre-specified interim analysis was performed
after 12 months, at which point results were available for at
least 15 patients in each group. Because of a clear difference in
outcomes found during this interim analysis, we stopped the
study prematurely for ethical reasons.

Both studies were approved by the Ethics Commission of
the Landesdrztekammer Thiiringen, and all patients gave writ-
ten, informed consent.

2.2 Patients

At our institution, the preferred method for PVI in paroxysmal
AF in 2014 was PVAC Gold, but in 2015 it was CB 2nd. Each
operator was experienced in the used method, meaning that
each had performed > 50 procedures.

The inclusion criteria for the subsequent randomized study
comparing both techniques were highly symptomatic parox-
ysmal AF and voluntarily given informed consent for both the
randomization and the AF ablation procedure used. Exclusion
criteria were persistent AF, left atrial (LA) thrombus, manifest
hyperthyroidism, indication for heart valve surgery, cardiac
surgery less than 3 months prior to the planned AF ablation,
or a previous ablation attempt.

2.3 Ablation procedures
2.3.1 Pre-procedure

All patients underwent basic clinical and standard laboratory
examinations to rule out hyperthyreodism or coagulopathy.
Transthoracic and transesophageal echocardiography (TTE
and TEE) were performed the day before the ablation procedure.
No computed tomography or magnetic resonance imaging
(MRI) scans of the LA and PV were performed prior to ablation.
The ablations were performed under conscious sedation.
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2.3.2 Ablation procedure using PVAC Gold

Femoral access was obtained for two sheaths. A decapolar
coronary sinus (CS) catheter was introduced (Inquiry, St.
Jude Medical, Saint Paul, MN, US). With fluoroscopy, pres-
sure controlled transseptal puncture was performed using an
SL1 sheath and BRK1 transseptal needle (St. Jude Medical,
Saint Paul, MN, US). Thereafter heparin was administered to
achieve an activated clotting time > 300 s. The SL1 sheath was
exchanged for the PVAC sheath (Medtronic, Minneapolis,
MN, US), which was continuously flushed with heparinized
saline. Angiography with selective contrast injection was per-
formed to visualize the pulmonary vein ostia. Under continu-
ous flushing, the PVAC Gold catheter (Medtronic,
Minneapolis, MN, US) was introduced into the LA and then
positioned at the PV antrum after wiring the PV (Fig. 1).
Using the corresponding multichannel RF generator GENius
R (Medtronic, Minneapolis, MN, US), RF energy was deliv-
ered simultaneously in a duty-cycled bipolar and unipolar
fashion (2:1 ratio, maximum power 8 W for 1 min, tempera-
ture limit 60 °C). The PVAC catheter was rotated around the
ostium of the PV, to deliver further energy applications until
local signals disappeared. Using the PVAC electrodes slightly
inside the PV and performing differential pacing, entrance-
and exitblock was proven after the ablations. No further sub-
strate modification techniques were applied. For the prospec-
tive randomized study, PVI entrance- and exitblock were test-
ed again 20 min after the last ablation. Adenosine was not
used to reveal possible dormant conduction after PVI.

2.3.3 Ablation procedure using CB 2nd

For the cryoballoon procedures, a 12F and a 7F introducer
sheath (St. Jude Medical, Saint Paul, MN, US) were intro-
duced into the femoral vein. A decapolar CS catheter
(Inquiry, St. Jude Medical, Saint Paul, MN, US) was intro-
duced. Transseptal puncture was performed fluoroscopically
and with pressure guidance using an SL1 sheath (St. Jude
Medical, Saint Paul, MN, US) and a BRK1 transseptal needle
(St. Jude Medical, Saint Paul, MN, US). Heparin was admin-
istered to maintain an ACT >300 ms. The SL1 sheath was
removed, and a 14F Flexcath Advance (Medtronic,
Minneapolis, MN, US) sheath was introduced into the LA
and flushed continuously with heparinized saline. The
cryoballoon Arctic Front Advance 28 mm (Medtronic,
Minneapolis, MN, US) was introduced into the LA using an
Achieve catheter (Medtronic, Minneapolis, MN, US). Then,
using the Achieve catheter as a guidewire, the CB was posi-
tioned at each PV antrum (Fig. 1). Occlusion of the PV ostium
was confirmed with contrast injections, and the catheter was
repositioned when occlusion was not optimal. At least two
freeze cycles, each lasting 240 s, were performed at each vein.
In each case, at least one bonus freeze was performed after
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Fig. 1 Positioning of the devices
at the ostium of the left superior
pulmonary vein—fluoroscopy,
schematic drawing, and PV
signals before and after ablation
in the LSPV a cryoballoon 2nd
and b PVAC Gold

reaching isolation. Phrenic nerve function was monitored by
pacing the phrenic nerve from the superior vena cava (SVC)
with the CS catheter and measuring the diaphragmatic com-
pound motor action potentials using surface ECG leads as
previously described [11]. The ablation procedure was con-
sidered finished when there was persistent bidirectional con-
duction block of the PV 20 min after bidirectional conduction
block was first thought to be achieved. Adenosine was not
used to unmask dormant conduction after PVI.

2.4 Follow up

Patients in the registry cohort had clinic visits with 72-h Holter
ECG at 3 and 12 months after PVI. The first 3 months were
regarded as a blanking period. Specific antiarrhythmic drugs
were usually stopped after the procedure; however, in cases
where antiarrhythmic drugs were prescribed because of early
recurrence, administration was stopped 3 months after abla-
tion at the latest.

In the randomized study, follow-up clinic visits with 72-h
Holter ECG were performed at 3, 6, and 12 months after the
ablation procedure. Antiarrhythmic drugs were stopped at the
time of PVI. In cases of early recurrence, specific antiarrhyth-
mic drugs were allowed until 2 months post PVIL.

In both the registry and in the randomized study, if a patient
had typical AF symptoms but no ECG findings consistent
with that, then triggered event recording was added to help
detect AF.

The primary endpoint was freedom from AF or atrial tachy-
cardia (AT) while off antiarrhythmic drugs at 12 months after

the ablation. The secondary endpoints evaluated were free-
dom from AF or AT at 12 months, periprocedural complica-
tions, length of procedure, and fluoroscopy time.

2.5 Statistical analysis

Statistical analyses were performed with SPSS 24 (IBM) soft-
ware. Clinical parameters are presented as mean values with
standard deviations for continuous parameters when normally
distributed and as median values with maximum and mini-
mum values when not normally distributed. Categorical pa-
rameters are shown with percentages and frequencies.

Normal distribution of parameters was tested using the
Kolmogorov—Smirnov test. The T test was used for compari-
sons of parameters that were metric and normally distributed.
The Mann-Whitney U test was used for parameters that were
not normally distributed, and the Fisher’s exact test was used
for categorical parameters. A p value of < 0.05 was considered
statistically significant.

3 Results

3.1 Baseline data for the registry cohort

In the registry cohort, 60 paroxysmal AF cases underwent
PVAC Gold ablation, and 56 underwent CB 2nd ablation.
Mean age was 66+ 11, 52% were male, mean LVEF 60 +

6%, mean LAD 43 +6 mm, and median BMI 28 (17-42)
kg/m?. Baseline data for both groups are presented in
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Table 1. Only LAD was significantly different between the
groups, p 0.012.

3.2 Procedural parameters and complications
for the registry cohort

Procedure duration was significantly longer in the CB 2nd
group, but there were no significant differences regarding
fluoroscopy duration and dose area product (DAP)
(Table 2).

In the CB group, one vascular access site complication
occurred (1.8%), and two phrenic nerve palsies (3.6%) oc-
curred. The phrenic nerve palsies resolved completely be-
tween the 3-month follow-up visit and 12 month follow up
examination. We did not detect any stroke, transient ischemic
attack, or esophageal fistula. No complications occurred in the
PVAC Gold group (p =0.08).

3.3 Long-term results in the registry cohort

The mean follow-up time was 13.2 + 3.6 months. Freedom
from recurrence of AF or AT was 63% in PVAC Gold
patients and 83% in CB 2nd cases (0.010), and, while off
antiarrhythmics, these values were 54% and 81%, respec-
tively, (0.001).

3.4 Baseline data for the randomized study
In the randomized cohort, 20 patients were treated with PVAC

Gold and 22 patients with CB 2nd (mean age 67+9; 43%
men, mean LVEF 61 +3%, LAD 40+7 mm, median BMI

28 (20-36) kg/mz.) No significant differences regarding base-
line clinical parameters were observed between the groups
(Table 3).

3.5 Procedural parameters and clinical complications
in the randomized study

Procedure duration and left atrial dwell time (LA time) were
slightly but not significantly shorter in the PVAC Gold group
as compared with the CB 2nd. No significant differences were
found for fluoroscopy time and DAP (Table 4). At the end of
the ablation procedure, in the PVAC Gold group, 76/76
(100%) of PV were isolated, and in the CB 2nd group, 88/
89 (99%) of PV were isolated at the end of the ablation
procedure.

There were no complications in the PVAC Gold group, but
there was one phrenic nerve palsy in the CB 2nd group, which
completely resolved within 24 h (p =0.329). No atrio-
esophageal fistula occurred.

3.6 Esophageal lesions in the randomized study
cohort

Esophagogastroscopy was performed within 72 h after the
ablation procedure in 18 of the 20 (90%) PVAC Gold cases
and in 21 of the 22 CB 2nd cases (95%). In the PVAC Gold
group, there were no esophageal lesions found; however, in
the CB 2nd group, one patient (4.5%) had an erosive esopha-
geal lesion without clinical symptoms.

Table 1 Baseline data of the

registry cohort PVAC Gold (n=60) CB 2nd (n=56) p value
Age (years) 67+11 66+11 0.667
Sex (male) 34 (57%) 26 (46%) 0.274
BMI (kg/m?) 28 (19-35) 27 (1742) 0.406
GFR (ml/min/1.73) 75+17 74+£19 0.843
LVEF (%) 58+7 61+6 0.091
LAD (mm) 45+5 41+6 0.012
LA area (ap 4ch) (cm?) 22+7 20+6 0.662
CHA’DS*VASc-score 3(0-6) 2 (0-6) 0.352
Diabetes 15 (25%) 8 (14%) 0.148
Structural HD
None 34 (57%) 35 (62%) 0.526
ICM 11 (18%) 7 (12%) 0.388
NICM 1 (2%) 1 (2%) 0.961
Hypertensive HD 15 (25%) 16 (28%) 0.668

BMI, body mass index; CB 2nd, cryoballoon of the 2nd generation; GFR, glomerular filtration rate; HD, heart
disease; /CM, ischemic cardiomyopathy; LA, left atrial; LAD, left atrial diameter; LVEF, left ventricular ejection
fraction; NICM, non-ischemic cardiomyopathy
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Table 2 Procedural data of the

registry cohort PVAC Gold (n=60) CB 2nd (n=56) p value
Procedure duration (min) 101.3 +31.7 146.9 £ 43.1 <0.001
Fluoroscopy time (min) 17.6 £5.8 19.6 £9.1 0.422
DAP (Gy/qem) 11.8+75 10.7 £ 5.7 0.708

CB 2nd, cryoballoon of the 2nd generation; DAP, dose area product

3.7 Long-term results in the randomized study

In the randomized study, 12 months freedom from AF or AT
off antiarrhythmic medications was 55% in the PVAC Gold
group vs. 91% in the CB 2nd group (p =0.013).

4 Discussion

We report here the first direct comparison of the acute and
long-term results of second-generation techniques of PVAC
and CB for treatment of paroxysmal AF. We used both a
registry cohort and a randomized study, and, in both, the pro-
cedure time was longer with the CB, although, in the random-
ized study this difference was not significant. There was a
higher rate of periprocedural complications in the CB 2nd
group, which was driven by phrenic nerve palsies, all of which
completely resolved within 12 months. In terms of the primary
endpoint, freedom from AF or AT while off of antiarrhythmic
drugs at 12 months, a clear benefit was found for CB 2nd as
opposed to PVAC Gold.

4.1 Procedural aspects of PVAC and CB

To the best of our knowledge, data comparing the second-
generation techniques of PVAC and CB do not exist. The AF-
COR study, which compared first-generation techniques, found
a higher rate of complications in the CB group. The higher
complication rate in the CB group was primarily driven by
phrenic nerve palsies [12]. Similarly, we found complication
rates for PVAC Gold versus CB 2nd in the registry of 0% vs
5.4%, respectively, and in the randomized study of 0% vs. 4.5%,
respectively. Published complication rates range from 0 to 3%
for PVAC Gold and from 1.8 to 18% for CB 2nd [7-9, 13—15].

The procedure and fluoroscopy times for our registry and
randomized study are also comparable to those published ear-
lier. Median procedure times in PVAC Gold cases have pre-
viously been reported to range from 83 to 112 min and mean
fluoroscopy times from 15 to 23 min [7-9, 16]. For CB 2nd,
the published procedural data vary widely, from 70 to 181 min
for the procedure times and from 14 to 49 min for the fluoros-
copy times [5, 13, 17-19]. However, the recent ICE-T trial,
which was performed by a very experienced team, reported a
mean procedure time of 89 min for an ablation protocol that

Table 3 Baseline data of the

randomized cohort PVAC Gold (n=20) CB 2nd (n=22) p value
Age (years) 67+9 67+18 0.892
Sex (male) 9 (45%) 9 (41%) 0.795
BMI (kg/m?) 29 (20-36) 28 (20-36) 0.406
LAD (mm) 40+6 41+11 0414
LA area (4ch view) (cm?) 18£5 20+7 0.272
LVEF (%) 60 (58-65) 60 (53-72) 0.834
CHA’DS?VASc-Score 3 (0-5) 3 (0-6) 0.754
Diabetes 5 (25%) 3 (14%) 0.456
Structural HD
None 14 (70%) 16 (73%) 0.741
ICM 0 (0%) 0 (0%) 1.0
NICM 0 (0%) 1 (%) 1.0
Hypertensive HD 6 (30%) 5 (23%) 0.730
Common ostium 4 (20%) 3 (14%) 0.594
Accessory PV 1 (5%) 1 (4%) 0.613

BMI, body mass index; CB 2nd, cryoballoon of the 2nd generation; GFR, glomerular filtration rate; HD, heart
disease; ICM, ischemic cardiomyopathy; LA, left atrial; LAD, left atrial diameter; LVEF, left ventricular ejection
fraction; NICM, non-ischemic cardiomyopathy; PV, pulmonary vein
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Table 4 Procedural data of the randomized cohort

PVAC Gold (n=20) CB2nd (n=22) p value

Procedure time (min) 96.9+13.8 105.1+£27.2 0.053
Fluoroscopy time (min) 18.7 +£3.2 16.1+6.0 0.075
DAP (Gy/qcm) 6.9 (3.5-16.8) 7.0 (2.8-17.1)  0.242
LA time (min) 81.0+14.8 92.8+£24.8 0.010

CB 2nd, cryoballoon of the 2nd generation; DAP, dose area product; LA
time, left atrial dwell time

included a bonus freeze. This procedure time is similar to ours,
if one takes into consideration that we included a “wait time”
to confirm that bidirectional conduction block was achieved.
Mean fluoroscopy time was somewhat shorter (14 min) in the
ICE-T trial. The procedure duration for CB 2nd cases in our
randomized study was slightly, albeit insignificantly, longer
than in PVAC Gold cases. Of note, with the evolution of
newer techniques, such as the real-time pulmonary vein re-
cordings used in the ICE-T trial, routine safety freezes can be
avoided, and CB 2nd cases will be able to be done within
similar procedure times as PVAC Gold cases [18].

4.2 Esophageal lesions

Silent esophageal lesions are considered a risk factor for esoph-
ageal fistula, a feared, life-threatening complication [20].

Esophageal endoscopy detected no esophageal luminal le-
sions in the PVAC Gold group, but one erosive lesion was
found in the CB 2nd group. The rate in PVAC cases is small
compared with prior studies, but similar to what has been
described by Zellerhoff et al. who, like us, also did not use
an esophageal temperature probe to stop energy application
when a critical temperature is reached [21]. Deneke et al. re-
ported a rate of 18% in cases where the esophageal tempera-
ture rose to >39 °C, but they found no esophageal lesions in
cases done without a temperature probe. They speculated that
the esophageal probe may act as an antenna which transfers
energy into the esophagus [22]. Two studies have reported
that in CB 2nd cases, luminal esophageal lesions were detect-
ed in 3 to 20% of cases using a temperature probe with or
without a luminal esophageal temperature (LET) cutoff for
ablation [22, 23]. The rate found in our study was very low
without using a temperature probe. One possible explanation
for this could be that the electrodes of the temperature probe
prolong the cooling effect to the esophagus.

4.3 Outcome of first-generation techniques
and second-generation techniques

Although multiple studies have reported first generation
PVAC results, a meta-analysis by Andrade et al. identified
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only five studies with sufficiently reported data for 12 months
post-procedure. At 1 year, the pooled estimate for freedom
from recurrent AF was limited by significant heterogeneity
[17]. In a European survey on efficacy and safety, Scharf
et al. reported an initial procedure success rate in paroxysmal
AF of 59% while off medication [24]. The long-term freedom
from AF recurrence was similar in two large randomized trials
that compared CB and point-by-point RF ablation, the gold
standard [2, 3]. Freeze AF, which used only first-generation
techniques, demonstrated a single-procedure freedom of re-
currence of approximately 65% at 6 months post-procedure.
[3]. In “FIRE and ICE,” first- and second-generation tech-
niques were used with a 65% freedom from recurrences at
12 months [2].

Second-generation techniques of CB and point-by-point
RF ablation (contact force measurement) seem to be associat-
ed with improved success rates of approximately 80-90% at
12 months [4, 5, 13, 15, 25, 26].

Published data with PVAC Gold is limited. Two studies
showed comparable success rates between PVAC and PVAC
Gold [7, 9]. One study comparing PVAC with PVAC Gold
found freedom from AF recurrence not differing, with a rate of
68.2 £9% in the PVAC-Gold group at 1 year. Of the included
patients, 70% were on antiarrhythmics [7]. These results sug-
gest an inferiority when PVAC Gold is compared with CB
2nd. Our registry and randomized study results support this
inference. In both the registry and randomized study, we
found significantly better long-term outcomes after CB 2nd
ablation as compared with the PVAC Gold procedure. The
absolute success rates resemble those reported for studies on
each of the methods [4, 5, 13, 15, 18, 26].

In our center, we observed very high rates of PV recon-
nection in redo procedures after ablation with PVAC Gold
as compared with redo procedures after CB 2nd ablation.
Published data on redo procedures confirm this finding and
demonstrate PV reconnection rates of 18% after CB 2nd
ablation and of more than 80% after PVAC Gold proce-
dures [8, 27]. From a technical perspective, CB qualifies
more as a “single-shot device” than PVAC Gold does.
After confirming complete contact by the balloon with
contrast injection, in most cases, one application leads to
a contiguous lesion with bidirectional conduction block
within 1 min. The use of a PVAC Gold catheter necessi-
tates a median of six complementary RF applications to get
a complete lesion, and continuity of the applied lesions is
difficult to control [9].

Dormant PV conduction might occur more often in PVAC
Gold procedures. Using intracardiac ultrasound maybe an op-
tion for attaining more targeted energy application. However,
the additional use of a large sheath and expensive devices runs
counter to the goal of simplified PVI procedures. The use of
post-procedural adenosine as a final test to unmask PV con-
duction might have the potential to improve outcomes.
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The possibility that the PVAC Gold electrodes have re-
duced diagnostic accuracy with respect to the confirmation
of PVI is an unlikely explanation. Duytschaever et al. con-
firmed isolation after PVAC-guided PVI in 96% of PVs using
a standard circular mapping catheter (Optima TM, St. Jude
Medical, St. Paul, MN, USA) [28]. In the study of von Bary
et al., in 94% of PV in which PVAC confirmed PVI, a stan-
dard circular mapping catheter also found isolation [29].
Recently, we documented a diagnostic accuracy of 100% for
the Achieve 20 mm when compared with a standard circular
mapping catheter (Optima TM, St. Jude Medical, St. Paul,
MN, USA) [30]. Thus, reduced diagnostic accuracy of the
PVAC Gold electrodes does not seem to explain sufficiently
the lack of efficacy of PVAC Gold ablation.

4.4 Limitations

A limitation for both our registry and randomized study is the
lack of continuous ECG monitoring. However, when symp-
toms potentially caused by arrhythmias arose, the patients
were provided with event-recorders. The main limitations
are that procedures in the registry cohort were not completely
standardized and that the randomized study was small. The
analyses in the registry cohort are limited by the difference in
LAD which indicates that the groups were not completely
comparable. However the results of the randomized study
resembled those of the registry cohort. We did not perform
cerebral MRI to detect silent cerebral lesions. However, no
neurological symptoms were observed in our study, and the
clinical relevance of those lesions is unsettled [31].

5 Conclusion

Our study results provide further evidence of inferior long-
term results with PVAC Gold versus CB 2nd for PVI. The
success rates at 12 months post-procedure and off antiar-
rhythmics are comparable to those published separately for
both of the methods. Ideally, a larger randomized study
would be necessary to make a more definitive conclusion
regarding the superiority of CB 2nd. However, in light of
the large benefit of CB 2nd over PVAC Gold in both our
registry and our randomized study, we have some ethical
concerns regarding inclusion in such a study. Procedure time
was slightly longer in CB 2nd cases in our trial; however, we
anticipate that these differences will diminish given the
shortened freeze time possible with real-time PV recordings.
There is a higher rate of phrenic nerve palsies occurring in
CB 2nd cases. Nevertheless, so long as the palsies are re-
versible within 24 h, this should not relevantly impact the
use of CB 2nd for PVL
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