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Failure to Reach the Optimal Temperature During Cryoablation Due to 
Refrigerant Cylinder Problem
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Introduction: Pulmonary vein (PV) isolation is considered as a key to atrial fibrillation (AF) treatment. Cryoballoon ablation is an effective 
therapy for PV isolation for AF with minimal side effects and was approved by the US Food and Drug Administration (FDA) several years 
ago. Successful isolation of PVs during cryoablation depends on the balloon temperature and helps in early identification of noneffective 
cryoballoon applications. A lower balloon temperature has been associated with long-term success in isolation of PVs.
Case Presentation: At the start of the procedure, the cryoconsole displayed “low refrigerant level”. After a few cycles of successful 
cryoballoon applications, for a fresh application for a new PV, the optimal temperature was not obtained in spite of obtaining good grade 
of occlusion and ostial positioning for right inferior pulmonary vein (RIPV). Later, immediately after changing the refrigerant cylinder, 
suitable temperature was obtained. We faced this situation thrice in a span of eight months.
Conclusion: Low refrigerant level may cause nonoptimal temperature during cryoablation, which can be resolved by premature change 
of a gas cylinder.
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1. Introduction
Cryoballoon ablation is an effective therapy for pulmo-

nary vein (PV) isolation for atrial fibrillation (AF) with 
minimal side effects (1-3). The US Food and Drug Admin-
istration (FDA) approved cryoballoon several years ago. 
Recently, this technology has also been used concomi-
tantly with epicardial radiofrequency ablation with 
good long-term success results for AF ablation (4). The 
second-generation cryoballoon (CB-2G) has been intro-
duced recently with more cooling points, thus deliver-
ing more uniform lesions around the PVs, resulting in 
afaster and less complicated procedure (5-8). Successful 
isolation of PVs during cryoablation depends on the 
balloon temperature and helps in early identification 
of noneffective cryoballoon applications (9). A lower 
balloon temperature has been associated with long-
term success of isolation of the PVs (10). To the best of 
our knowledge, low refrigerant level has never been re-
ported to cause nonoptimal temperature during cryo-
ablation; moreover, it has been resolved by premature 
change of gas cylinder. Given the widespread use of this 
technology and its increasing usage in the medical com-

munity, this situation commands better attention and 
understanding.

2. Case Presentation
A 59-year-old man had a history of four years of paroxys-

mal AF. He was normotensive and euglycemic. Due to re-
current symptomatic AF episodes and subsequent failure 
of antiarrhythmic drugs, he underwent a cryoballoon 
ablation of the PV. Under local anesthesia, His and coro-
nary sinus catheter were inserted via the left groin. Cryo-
console was switched on for cryotherapy, but it displayed 
“low refrigerant level”. After trans-septal puncture, angio-
gram of the left atrium revealed left-sided common PV 
ostia of 29.4 mm, right superior PV of 24 mm, and right 
inferior PV of 14 mm. Successful ablation of all other PVs 
except for the right inferior PV were performed using six 
application cycles of four minutes each with 28 mm cryo-
balloon (Arctic FrontTM, Medtronic; CB, Medtronic, Min-
neapolis, MN, USA). Then cryoballoon was positioned to 
the ostium of right inferior PV. Vein occlusion was moni-
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tored for cryoballoon-to-PV contact by observing during 
the injection of a 50%-diluted contrast medium distally 
into the PV. This is graded on a 1 to 4 scale, with 1 being 
minimum occlusion and 4 being complete occlusion. For 
this PV, the grade of occlusion obtained was 4/4 (Figure 
1). Freezing was started. In spite of waiting for more than 
60 seconds, the minimum temperature did not cross be-
yond -34°C. Special maneuvers as “pull-down technique” 
and “hockey stick technique” were tried, without any 
success (11). The application was stopped considering 
the nonoptimal temperature (9). The cryoballoon was 
repositioned for better PV contact, reverified by diluted 
contrast injection to be 4/4 of grade of occlusion. How-
ever, the temperature again did not cross beyond -30°C. 
The application was again stopped at 60 seconds. After 
optimal positioning cryoablation was reattempted. Sur-
prisingly, again, the temperature did not cross beyond 
-28°C. We were intrigued for the reason behind this. Af-
terwards, a final try with cryoballoon was thought for be-
fore switching to cryocatheter for AchieveTM (Medtronic 
Inc.) guided touchups. Finally, after observing the 4/4 oc-
clusion grade, freezing was restarted for the third time. 
To our disappointment even after 60 seconds, the tem-
perature was still hovering around -9°C. The moment the 
freezing application was to be stopped, the cryoconsole 
screen flashed, “The pressure is low in the system. Ensure 
the refrigerant tank is open”. Ultimately, the refrigerant 
cylinder was changed. Cryoablation was reinitiated af-
ter ensuring the 4/4 occlusion and optimal positioning. 
Minimum ablation temperature of -47°C was reached 
with acute successful isolation of PVs (Figure 2). We faced 
similar situation described above three times in a span 
of nine months for different PVs. After communicating 
about this problem to Medtronic’s local representative, 
data was retrospectively collected from cryoconsole for 
further investigations. The flow of the gas through the 
umbilical (displayed at a cryoconsole) was measured 
and investigated in the data files. However, the analysis 
showed no known technical issues.

If nonoptimal temperature is obtained in spite of good 
grade of occlusion of cryoballoon and optimal position-
ing, early change of a refrigerant cylinder ought to be 
considered in case of “low refrigerant level” cryoconsole 
display. Earlier change may be considered in spite of ab-
sence of the system notice, stating “The pressure is low in 
the system”, to decrease the procedure time and unnec-
essary radiation exposure. Retrospectively, it may be sug-
gested to the device manufacturer for use of better pres-
sure-sensitive refrigerant cylinder valve or earlier system 
notification for change of the refrigerant cylinder.

3. Discussion
It is advisable to consider premature change of a re-

frigerant cylinder while it is working at “low refrigerant 
level” and is still unable to obtain the optimal tempera-
ture, in spite of obtaining good occlusion of a PV during 
cryoablation.

Figure 1. Fluoroscopy Image Showing Complete Occlusion of Right Infe-
rior Pulmonary Vein Using 50% Diluted Contrast With Cryoballoon and 
in-Situ Catheters

GW, achieve catheter; IC, impending contrast; CB, cryoballoon; His, His 
catheter; CS, coronary sinus catheter.

Figure 2. The Cryoconsole Screen

The minimal temperature achieved (-47°C) following the change of the 
refrigerant tank.
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