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Abstract
Purpose The purpose of this study was to evaluate the feasibility and safety of superior vena cava (SVC) isolation in addition to
standard pulmonary vein isolation (PVI) using the second-generation cryoballoon (CB) in patients with paroxysmal atrial
fibrillation.
Methods Thirty-seven consecutive patients that underwent CB ablation for paroxysmal atrial fibrillation (PAF) were prospec-
tively enrolled in our study. After PVI the SVC was mapped for potentials. If the SVC exhibited electrical activity, isolation was
achieved performing a single 180-s balloon application.
Results Regarding SVC isolation, 180-s freeze in the SVC could be completed in 32 (86.4%) patients, and 5 patients had at least
120 s of freezing application (13.5%). Real-time recording during SVC isolation was observed in 30 (81.0%) patients. The mean
time to isolation was 36.9 ± 28.7 s and the temperature at isolation was − 33 (− 15 to − 40) °C. No cases developed persistent
phrenic nerve palsy (PNP) or any other complication.
Conclusions Superior vena cava isolation proved to be safe and feasible with the second generation cryoballoon in a prospective
series of patients affected by PAF.
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Abbreviations
CMAPs Compound motor action potentials
CI Confidence interval
CB Cryoballoon
ISNT Inappropriate sinus node tachycardia
LA Left atrium
PAF Paroxysmal atrial fibrillation

PN Phrenic nerve
PNP Phrenic nerve palsy
PVI Pulmonary vein isolation
RF Radiofrequency
SVC Superior vena cava

1 Introduction

The superior vena cava (SVC) is known to be an important
location of non-pulmonary vein foci triggering paroxysmal
atrial fibrillation (PAF). Electrical isolation of this vessel by
the means of radiofrequency (RF) is associated with improved
outcome in terms of freedom from AF [1–3]. As published by
Corrado A. et al., patients with paroxysmal atrial fibrillation
who underwent pulmonary vein isolation and SVC isolation
were significant less prone to recurrence with RF, after a
follow-up of 12 months, compared with the group that re-
ceived solely PVI [1]. In the present study, we describe a
prospective experience in a cohort of patients undergoing
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pulmonary vein isolation (PVI) + SVC ablation with the
second-generation cryoballoon (CB).

2 Methods

2.1 Study design

Consecutive patients indicated to CB ablation for PAF and
SVC isolation with the CB ablation were prospectively en-
rolled in our study at Maria Cecilia Hospital, Cotignola.
After PVI was obtained and proved by entrance and exit
block, the SVC was mapped for potentials. If the SVC exhib-
ited electrical activity, isolation was performed with a single
180-s duration cryoenergy application. A single 180-s appli-
cation is known to produce a durable lesion [4]. Although
virtually always reversible, phrenic nerve injury (PNI) is the
most frequently observed complication during CB ablation.

To prevent the latter, phrenic nerve (PN) activity was tested
during ablation of the SVC, by inserting a quadripolar catheter
through the right jugular/subclavian to allow simultaneous
ablation in the SVC and PN pacing.

2.2 Patient selection

Consecutive patients programmed for CB ablation for PAF
were prospectively enrolled. All antiarrhythmic drugs were
discontinued at least 3 days before ablation, apart from amio-
darone that was stopped 1 month before. Procedures were
performed under general anesthesia.

2.3 The exclusion criteria

Age younger than 18 years, left atrial diameter > 55 mm, se-
vere valve disease, uncontrolled heart failure, contraindication
to general anesthesia/deep procedural sedation, left atrial
thrombus at the pre-procedural transesophageal echocardio-
gram (TEE).

The study was approved by the ethical committee of Maria
Cecilia Hospital, Cotignola. The protocol was carried out in
accordance with the ethical principles for medical research
involving human subjects established by the Declaration of
Helsinki, protecting the privacy of all participants as well as
the confidentiality of their personal information.

2.4 Procedure

The PVI procedure was performed with a 28-mm cryoballoon
advance (Arctic Front Advance™, Medtronic©) as previously
described [5]. A 6F decapolar catheter was inserted in the right
jugular/subclavian vein and advanced to the coronary sinus. A
single trans-septal puncture was performed under fluoroscopic
guidance, using the right femoral venous approach. After

gaining LA access, a 70-UI/kg heparin intravenous bolus
was given. A 0.32-F Emerald exchange wire (Cordis,
Johnson and Johnson, Diamond Bar, CA, USA) was ad-
vanced in the left superior PV, and a steerable 15 F over-the-
wire sheath (FlexCath, Cryocath) was positioned in the left
atrium (LA). A 20 pole achieve recorded electrical activity
throughout the procedure. Ablation of all 4 PVs was achieved.
Cryoenergy applications lasted 180 s. Electrical isolation was
confirmed in all 4 PVs. Effective PVI was considered to have
been achieved when all PV potentials were abolished or dis-
sociated from atrial activity. Pacing from the distal and prox-
imal coronary sinus was performed to distinguish eventual far-
field atrial signals from PV potentials recorded on the map-
ping catheter, respectively, for left- and right-sided PVs. After
having achieved successful PVI ablation, SVC ablation was
performed. The CB was retrieved to the right atrium, and the
achieve catheter was advanced in the SVC. Then the CB was
inflated in the right atrium and advanced toward the ostium of
the SVC in order to occlude the vessel. Once total occlusion
was confirmed by dye injection with total retention of contrast
in the SVC (Fig. 1), cryoenergy application was started.

After the isolation of the SVC (Fig. 2), a waiting period of
15 min was taken into account, and thereafter, routine testing
with adenosine was performed [6] to reveal dormant conduc-
tion, and the isolation was also confirmed with bidirectional
block.

2.5 Phrenic nerve monitoring

Prior to ablation of the right-sided PVs and the SVC, a 6F
decapolar catheter that was inserted in the right jugular/
subclavian vein and placed in the coronary sinus was placed

Fig. 1 Cryoballoon ablation of the superior vena cava
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distally in the SVC, and diaphragmatic stimulation was
achieved by pacing the ipsilateral phrenic nerve with a
1000-ms cycle and a 20-mA output. Phrenic nerve pacing
started once the temperature reached − 20 °C in order to avoid
balloon dislodgement due to diaphragmatic contraction in the
first phase of cryoenergy application. Pacing was continued
throughout the entire duration of cryoenergy delivery. In cases
of phrenic nerve palsy, the freeze was immediately aborted
with a “double stop” technique [7] and observed for recovery.

2.6 Post-procedural management

Post-procedural management was performed as standard clin-
ical practice. The next day, the patients underwent a transtho-
racic echocardiogram (TTE) and a chest X-ray. During the
chest X-ray, a “sniff test” was performed to assess PN func-
tion. The patients were monitored under telemetry for 18 h
after ablation.

Clinical follow-up including regular cardiological consul-
tations and 24-h Holter ECG monitoring was performed as
standard clinical practice at 1, 6, and 12 months.

2.7 Statistical analysis

All statistical analyses were performed using SPSS version
24.0 (SPSS Inc., Chicago, IL, USA). Categorical variables

were reported as absolute and relative frequencies.
Continuous variables were evaluated for parametric distribu-
tion using Kolmogorov-Smirnov test. Continuous variables
with parametric distributions were reported as a mean ± stan-
dard deviation and were compared using non-paired Student t
test. Continuous variables with non-parametric distributions
and discrete variables were reported as median (interquartile
range) and compared using Mann-Whitney test. A signifi-
cance cut-off for p value of less than 0.05 (two sided) and a
95% confidence interval (CI) was used.

3 Results

A total of 37 patients were prospectively included in the study:
27 (72.9%) were males, with a mean age of 54.6 ± 10.7 years
and a mean bodymass index of 27.6 ± 3.5 kg/m2. Incidence of
comorbidities, echocardiographic parameters, and chronic
medication are reported in Table 1. All patients had PAF with
a median duration of symptoms of 12 (11–26) months.
Procedural details are reported in Table 2.

All patients are presented with potentials in the SVC. Two
patients exhibited spontaneous triggering arising from the
SVC.

Regarding SVC isolation, a 180-s freeze in the SVC was
completed in 32 (86.4%) patients, and 5 patients had at least

Fig. 2 a An example of superior vena cava (SVC) potentials recorded at
the ostium of the SVC during sinus rhythm prior to isolation. Shown are
surface leads V1, I, II, and AVF and bipolar intracardiac electrograms
recorded by circular mapping catheter (MAP 1–4). The SVC potentials

can be distinguished from the right atrial (RA) electrogram by their sharp
appearance. b Example of electrical isolation of the SVC as measured by
the circular mapping catheter (yellow arrow)
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120 s of freezing application (13.5%). Real time recording
during SVC isolation was observed in 30 (81.0%) patients.
The mean time to isolation was 36.9 ± 28.7 s, and the temper-
ature at isolation was − 33 (− 15 to − 40) °C. The mean time to
reach − 40 °C was 41.6 ± 11.7 s, and the temperature at 60 s
was − 39 (− 29 to − 43) °C, while minimum reached temper-
ature was − 41.3 ± 8.1 °C. Mean SVC diameter was 21.8 ±
4.0 mm. None of the ablation parameters differed with the
presence or absence of real-time recording during SVC isola-
tion. None of the ablation parameters correlated with SVC
diameter. SVC diameter was higher in patients with real-
time recordings in SVC during ablation, although not statisti-
cally significant (p = 0.09, OR = 1.44, 95%CI = 0.95–1.91).
During SVC ablation, 2 patients developed transient PNP dur-
ing cryotherapy. Resumption of PN activity occurred before
the end of the procedure. Additionally, 3 patients experienced
impending PN damage with reduction of diaphragmatic con-
traction. Interruption of the freeze immediately led to full re-
sumption of phrenic activity. None of the patients presented
PNP during the right-sided veins ablation. SVC isolation was
achieved in all patients with one application. No patient

expired minor or major complication related with the proce-
dure including persistent phrenic nerve paralysis and access
site problems. Also, there was no sinus node injury.

Freedom from AF rates at 1, 6, and 12 months was 100,
97.3, and 91.9%, respectively. Recurrence was in the form of
AF in 2 cases, atypical left atrial flutter in 1 case, solved with
re-isolation of the right inferior PV, and a roofline, respective-
ly. In univariate Cox survival regression, none of the SVC
ablation parameters, presence of real-time recording, or SVC
diameter predicted AF recurrence. Remarkably, in all 3 pa-
tients who underwent a repeat ablation procedure, the SVC
was still isolated.

4 Discussion

To the best of our knowledge, this is the largest study with the
longest follow-up that prospectively assessed the safety and
feasibility of a novel CB ablation technique for SVC isolation
after PVI.

Pulmonary vein isolation is the basis in today’s everyday
practice for atrial fibrillation ablation; it removes the majority
of the triggers responsible for the beginning and maintenance
of AF. Nevertheless, a substantial percentage of the patients
will recur with atrial arrhythmias subsequent to this procedure.
Up to 28% of AF patients might exhibit non-PV foci.
Elimination of the latter in addition to PVI might be an im-
portant step to improve success rates and freedom from ar-
rhythmia recurrence. Among the non-PV foci, the SVC was
described in being the most common source of ectopy [8]. The
arrhythmogenic properties of the SVC, as one of the most
common source of non-PV triggers, might be explained by
the common embryologic origin of the sinus node [9].
Various approaches such as ablation of the SVC especially,
when triggers arise from it, were proposed as adjunctive tech-
niques to PVI. However, the results are debatable, and the
optimal ablation approach that might lead to significantly im-
proved outcomes still needs to be determined. In addition,
most studies published in the literature on this issue addressed
SVC isolation by the means of RF energy. Isolation of this
structure with the cryoballoon has been only reported in one
prospective study with 30 patients with 6 months follow-up
after ablation. Different from the latter, our study includes
only PAF. In addition, all SVC were isolated with a single
freeze. This might be beneficial for the patients in reducing
the risk of adverse effects. Finally, our study reported results
on 12 months follow-up. Thus, to the best of our knowledge,
this is the largest prospective study conducted in a consecutive
series of patients affected exclusively by PAF assessing the
feasibility and safety of the second generation CB ablation in
the SVC.

According to recent publications, SVC isolation might im-
prove clinical outcomes [1, 2, 8, 10–12]. The ablation of the

Table 1 Baseline characteristics

Median CHA2-DS2-VASc score 1 (0–2)

CHA2-DS2-VASc score ≥ 2 12 (32.4%)

Arterial hypertension 16 (43.2%)

Diabetes mellitus 5 (13.5%)

Dyslipidemia 12 (32.4%)

Coronary artery disease 3 (8.1%)

Valvular heart disease** 10 (27.0%)

TIA 3 (8.1%)

Normal LVEF* 36 (%)

Mean indexed LA volume (mL/m2) 33.4 ± 8.1

Beta-blocker 12 (32.4%)

Class Ic anti-arrhythmic 21 (56.7%)

Class III anti-arrhythmic 5 (13.5%)

Oral anticoagulant 26 (70.2%)

*Normal LVEF defined as EF ≥ 50%
**All cases of valvular heart disease consisted of mitral insufficiency

LA, left atrium; LVEF, left ventricular ejection fraction; TIA, transient
ischemic attack

Table 2 Procedural details

SVC

Time to reach isolation (seconds)* 36.9 ± 28.7

Temperature at isolation (°Celsius)** − 33 (− 15 to – 40)

*Parametric distribution thus reported as mean ± standard deviation

**Non-parametric distribution thus reported as median (interquartile
range)
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SVC can be problematic to accomplish due to the vicinity of
the PN and sinus node. The injury of the right phrenic nerve is
the major concern and is one of the most common complica-
tions related to CB ablation technique [4, 13–15]. Point by
point ablation allows to verify the position of phrenic nerve
by local high energy pacing and to avoid with ablation just
that site. The latter can give RF technique a theoretical advan-
tage to avoid PNI.

Different techniques such as palpation of the diaphragmatic
excursion, diaphragmatic compound motor action potentials
(CMAPs) monitoring, and the “double stop” strategy have
been established to avoid PNI [16]. In our study, we per-
formed the most common technique, consisting in the palpa-
tion of the strength of diaphragmatic excursion, during abla-
tion on both the right-sided PVs and the SVC, with a
decapolar catheter positioned distally in the SVC, and dia-
phragmatic stimulation was achieved by pacing the ipsilateral
phrenic nerve with a 1000-ms cycle and a 20-mA output. One
advantage of pacing the PN via subclavian access is to guar-
antee the total occlusion of the SVC with the CB, thus
avoiding possible gaps caused by the presence of a pacing
catheter used to monitor phrenic nerve function coming
through the right atrial, which might reduce the durability of
SVC isolation. [17] In our study, all patients exhibiting PNI
during the ablation of the SVC had complete resumption of
diaphragmatic contraction before the end of the procedure.

Additional safety concern is the inappropriate sinus node
tachycardia (ISNT) [18]. As already reported, CB ablation can
cause acute parasympathetic denervation in the heart, and the
vagal denervation of the sinus node might be the cause of
ISNT [19, 20]. The ablation of the SVC might add some
degree of denervation in the epicardial ganglionated plexi 1,
between the superior vena cava and the aortic root just above
the right upper pulmonary vein [21], and might contribute to a
more extensive parasympathetic denervation; however, none
of the 37 patients presented ISNT during the period of 1-year
follow-up.

The design of the study was to demonstrate the safety and
feasibility of the procedure with the second-generation CB.
Nevertheless, after a short follow-up of 12 months, 91.9% of
the patients are free from any arrhythmia. Although conducted
on a limited number of patients, our study seems to convey the
message that the SVC can be isolated with the second-
generation CB. Future randomized studies are required to con-
clude that adding the isolation of the SVC to PVI will increase
the clinical results for AF ablation.

4.1 Study limitations

This study has several limitations. It was a single center, with a
relatively small population and no control group. SVC steno-
sis was not actively investigated in our study. Nevertheless, no
patients suffered from any symptom potentially related to

SVC stenosis clinics during follow-up. Although in our center
the PN pacing is done with high output, the best practice guide
for CB ablation recommends pacing output doubles the cap-
ture threshold [22]. No isoproterenol test was performed to
search non-PV triggers. Our study results should be consoli-
dated in a prospective large study.

5 Conclusion

Superior vena cava isolation proved to be safe and feasible
with the second-generation cryoballoon in a prospective series
of patients affected by PAF.

Compliance with ethical standards

The study was approved by the ethical committee of Maria Cecilia
Hospital, Cotignola. The protocol was carried out in accordance with
the ethical principles for medical research involving human subjects
established by the Declaration of Helsinki, protecting the privacy of all
participants as well as the confidentiality of their personal information.
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