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KEY TEACHING POINTS

� Cryoballoon ablation (CBA) can be safely performed
in patients with hemodynamically unstable atrial
fibrillation (AF).

� CBA is a reasonable bailout when concern exists
over the use of antiarrhythmic agents.

� Indications for CBA should be cautiously
considered: hemodynamic status is exacerbated by
AF; all possible therapies have been tried; and it is
possible that AF can be controlled by pulmonary
vein isolation.
Introduction
Atrial fibrillation (AF) episodes during the decompensated
phase of heart failure (HF) sometimes leads to unstable he-
modynamics, resulting in a worsening of congestion and/or
impaired tissue perfusion.

Previous studies have reported that 20% to 35% of
patients with acute HF had AF on admission and that 17%
of patients admitted for acute myocardial infarction had
new-onset AF.1,2

Although rhythm control or rate control for AF is conduct-
ed using antiarrhythmic agents and electrical cardioversion,
AF is often intractable in these situations. Catheter ablation
has been established as a therapy for AF but is more invasive
than medical therapy. Further, the efficacy and safety of cath-
eter ablation in hemodynamically unstable patients remains
controversial.

Compared with radiofrequency catheter ablation, cryobal-
loon ablation (CBA) has a shorter procedure time3 and re-
quires less saline irrigation flow. Pulmonary vein isolation
is therefore a shorter procedure time and smaller volume
load with CBA than radiofrequency catheter ablation, and
may be easier to perform in hemodynamically unstable pa-
tients. Nevertheless, the clinical efficacy and safety outcomes
of CBA in hemodynamically unstable HF have not been well
clarified.

Here, we report a series of 5 cases of CBA as bailout for
hemodynamically unstable AF in patients with decompen-
sated HF.
Indications
Indications for CBA were as follows: CBA was the initial
catheter ablation procedure for AF; rhythm control, namely
maintenance of sinus rhythm, was required because
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hemodynamic status had become unstable by AF; no other
treatment for rhythm control was indicated apart from
catheter ablation; and rhythm control was expected to be
achieved by pulmonary vein isolation only, without addi-
tional ablation. Hemodynamically unstable decompensated
HF was defined as acute and symptomatic HF that needed
oxygen inhalation, inotropic agents, or mechanical support.
Procedure
Transesophageal echocardiography was performed before
the procedure. When transesophageal echocardiography
could not be performed because of poor general condition,
we observed the left atrial appendage by using intracardiac
echocardiography during the CBA. CBA was performed un-
der intravenous sedation with dexmedetomidine. An Arctic
Front Advance cryoballoon catheter with a balloon size of
28 mm (Medtronic, Inc, Minneapolis MN) was passed into
each pulmonary vein. After confirmation of pulmonary
vein occlusion by contrast and/or intracardiac echocardiogra-
phy, CBA commenced and continued for 180 seconds. If pul-
monary veins could not be isolated with CBA, touch-up
ablation was performed using a FlexAbility (St. Jude
Medical, Inc, St. Paul, MN) open-irrigated linear ablation
catheter with a 3.5 mm tip.
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Figure 1 Hemodynamic status in the periprocedural period. In patient 1, unstable hemodynamic status by atrial fibrillation (AF) was improved after
cryoballoon ablation (CBA). †Augmented diastolic pressure was shown when intra-aortic balloon pump (IABP) was inserted. DBP 5 diastolic blood pressure;
PCWP 5 pulmonary capillary wedge pressure; SBP 5 systolic blood pressure; SR 5 sinus rhythm.
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Hydration before the procedure was avoided. If necessary,
electrodes were inserted into the coronary sinus, right
ventricle, and right atrium on a case-by-case basis. Infusion
of isoproterenol and induction of atrial arrhythmia by atrial
burst stimuli was avoided if hemodynamic status was
unstable during the procedure.
Case report
Patient 1

History of presentation
A 61-year-old male patient was admitted to our hospital
because of acute HF. His CHA2DS2-VASc score was 3
points and he did not have severe valve disease. AF was
incessant and urine volume was decreased despite the use
of diuretics and dobutamine. Infusion of landiolol for 5
days and repeat cardioversion were performed for AF with
tachycardia, but the AF could not be controlled. Intra-aortic
balloon pump was inserted to support deteriorating hemody-
namics, but it worked inadequately because of tachycardia
during AF. The initial AF occurred within 1 month before
the procedure.

Management and follow-up
CBA was performed and rhythm control was achieved
immediately after the procedure. AF burden decreased
from 100% to 0%. Cardiac index was increased and
pulmonary capillary wedge pressure was decreased, and
the intra-aortic balloon pump was successfully removed.
Left ventricular ejection fraction was also improved after
CBA (34%/50%). He was moved out of the intensive
care unit 5 days after the procedure. Although he was medi-
cally ready for discharge 9 days after the procedure, it took
time to provide the discharge support until 18 days after the
procedure. Hemodynamic status in the periprocedural
period is shown in Figure 1. During 24-month follow-up
after CBA, he remained alive without AF recurrence or
progression of HF.

Patient 2

History of presentation
A 73-year-old male patient was admitted to our hospital
because of acute myocardial infarction. His CHA2DS2-
VASc score was 3 points and he did not have severe valve
disease. As the culprit lesion was in the left main trunk, a
drug-eluting stent was implanted in the left main trunk and
left anterior descending artery, and postdilation was
performed by using a kissing balloon technique. Acute HF
occurred secondary to acute myocardial infarction. Endotra-
cheal intubation and mechanical ventilation for respiratory
failure were required, and an intra-aortic balloon pump was
inserted because of unstable hemodynamic status. During
the course of intensive care, incessant AF occurred and could
not be controlled despite the use of amiodarone by an
intravenous infusion for 9 days and cardioversion. The AF
exacerbated his low output syndrome, and the intra-aortic
balloon pump could not be removed. The initial AF occurred
9 days before the procedure, and the rhythm on the day of the
procedure was sinus rhythm.
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Management and follow-up
CBA was performed. Although early recurrence of AF
sometimes occurred in the periprocedural period, AF epi-
sodes and AF burden were significantly decreased
(78%/38%). In addition, cardiac index was increased
and the intra-aortic balloon pump could be successfully
removed after the next day of the CBA procedure. Left
ventricular ejection fraction was also improved after CBA
(40%/45%). He was moved out of the intensive care
unit 6 days after the procedure, and he was discharged 53
days after the procedure because he needed physical ther-
apy. Rhythm control was achieved after the blanking
period. We used a dual antiplatelet therapy with aspirin
and prasugrel. We also used edoxaban for 3 months after
the procedure. We stopped aspirin 1 year after the proced-
ure. During 24-month follow-up after CBA, he remained
alive and without AF recurrence.

Patient 3
History of presentation
A 75-year-old female hemodialysis patient was admitted to
our hospital because of acute HF. Her CHA2DS2-VASc score
was 5 points and she did not have severe valve disease.
Incessant AF tachycardia during hemodialysis resulted in
dysdialysis syndrome despite the use of carvedilol,
verapamil, or aprindine, and congestion was not improved
by ultrafiltration. The initial AF occurred 79 days before
the procedure, and the rhythm on the day of the procedure
was sinus rhythm.
Management and follow-up
CBA was performed and rhythm control was achieved
immediately after the procedure. AF burden decreased from
33% to 0%. Ultrafiltration was improved and her congestion
disappeared. She was discharged 23 days after the procedure
because she needed physical therapy. She died 4 months after
CBA and presumed cause of death was exacerbation of
congestion.
Patient 4
History of presentation
A 61-year-old male patient was admitted to our hospital
because of acute myocardial infarction. His CHA2DS2-
VASc score was 2 points and he did not have severe valve
disease. The culprit lesion was the left circumflex artery
segment 13, and 2 drug-eluting stents were emplaced. Acute
HF occurred secondary to acute myocardial infarction and an
intra-aortic balloon pump was inserted. The intra-aortic
balloon pump was then removed, but this induced AF and
his congestion became worse. AF could not be controlled
despite the intravenous infusion of both amiodarone and
landiolol for 3 days. AF was also refractory to cardioversion.
The initial AF occurred 4 days before the procedure, and AF
lasted for 2 days until the procedure.
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Management and follow-up
CBA was performed. Although AF sometimes recurred early
in the periprocedural period, AF episodes and AF burden
significantly decreased (almost 100%/50%). Cardiac index
was also increased. He was moved out of the intensive care
unit 11 days after the procedure. Although he was medically
ready for discharge 15 days after the procedure, he received
in-hospital physical therapy until 28 days after the procedure.
Rhythm control was achieved after the blanking period.
During 24-month follow-up after CBA, he remained alive
without AF recurrence.

Patient 5

History of presentation
A 66-year-old male patient was admitted to our hospital
because of HF exacerbation. His CHA2DS2-VASc score was
2 points and he had severe secondary mitral regurgitation.
As incessant AF occurred after admission, his low perfusion
became worse and the biventricular pacing level of his cardiac
resynchronization therapy defibrillator decreased to 84%.
Amiodarone was difficult to use because of interstitial pneu-
monia. He required intensive care and insertion of an intra-
aortic balloon pump because of worsening low output syn-
drome. The initial AF occurred 3 years before the procedure,
and AF lasted for 2 days until the procedure.

Management and follow-up
CBA was performed and rhythm control was achieved
immediately after the procedure. AF burden was almost
100% a few days before the procedure and it decreased to
0% after the procedure. The intra-aortic balloon pump was
successfully removed. The biventricular pacing level of the
cardiac resynchronization therapy defibrillator increased to
94%, and left ventricular ejection fraction was also improved
(10%/16%). He was moved out of the intensive care unit
10 days after the procedure, and he was discharged from
the hospital 66 days after the procedure because he needed
physical therapy. He died owing to exacerbation of HF 11
months after CBA, although without any recurrence of AF.

Baseline characteristics and periprocedural characteristics
of the 5 patients are summarized in Table 1 and Table 2.
Discussion
Here, we performed CBA in 5 patients with hemodynamical-
ly unstable HF. In all cases, AF disappeared after CBA, and
the patients were discharged with an improved hemodynamic
status.

Physicians often hesitate to perform catheter ablation for
patients with decompensated HF owing to concerns about
postprocedural exacerbation of HF. Indeed, HF is associated
with many symptoms, including low blood pressure and
pulmonary edema.4 These increase the risk of complications
of catheter ablation,5 and the procedure is generally considered
high-risk for patients with unstable hemodynamics.
Indications for catheter ablation, which is more invasive than
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treatment with antiarrhythmic agents, are generally considered
limited in these patients. However, CBA is not a complex pro-
cedure, and it has a shorter procedure time than radiofrequency
catheter ablation.2 This shorter procedure time in turn reduces
unnecessary intravenous sedation, as well as the use of heparin
and hydration, which can induce complications. Accordingly,
CBA achieves pulmonary vein isolation less invasively than
radiofrequency catheter ablation and can be performed in pa-
tients with hemodynamically unstable HF.

The candidates who benefited most from CBA were pa-
tients with recently occurring AF. Conversely, patients 3
and 5, who died several months after the procedure, had
had AF for a long time. The reason for this difference in
outcome might be that the hemodynamics were negatively
affected by the long-term AF.

However, radiofrequency catheter ablation with a high po-
wer and short duration6 or atrioventricular nodal ablation
with cardiac resynchronization therapy7 might be other
strategies for AF with hemodynamically unstable HF. There-
fore, indications for CBA in patients with hemodynamically
unstable HF should be cautiously considered; these include
that hemodynamic status is exacerbated by AF, all possible
therapies to treat AF have been tried, and it is highly possible
that AF can be controlled by pulmonary vein isolation only.
CBA has the potential to become an important therapy for
hemodynamically unstable HF if indications for CBA are
carefully established.
Conclusions
CBA can be used as a bailout therapy for decompensated HF
in cases where AF contributes to a deterioration in hemody-
namics.
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