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Abstract
Background 

Adenosine can unmask dormant conduction during pulmonary vein isolation (PVI) for atrial fibrillation (AF). Studies of adenosine 
use in radiofrequency PVI show high reconnection rates and conflicting results for long-term success, however there is limited data 
with cryoballoon ablation (CBA).
Methods 

A prospectively maintained database of patients undergoing first CBA at a single institution was analyzed. Adenosine use was 
at the discretion of the primary operator. Additional freezes were delivered for reconnected veins until dormant conduction was 
eliminated. The primary endpoint, time to AF recurrence defined as any episode < 30 seconds after a 3-month blanking period, was 
assessed by Kaplan-Meier analysis.
Results 

From 2011 to 2015, 406 patients underwent CBA, 361 of whom had > 3 months follow-up. The mean age was 61.7 years, 69% 
were male, and the prevalence of paroxysmal AF was 79% with no significant difference between those that did and did not receive 
adenosine (77% vs 86%, respectively, p = 0.23). Adenosine testing was performed in 78 patients (21.6%) with a mean dose of 10.6 
mg/vein. Of the 306 veins evaluated, 17 (6%) demonstrated dormant conduction. Over a median 14.4 months follow-up, there was 
no significant difference in freedom from AF with adenosine use (p= 0.86).
Conclusions 

Dormant conduction with adenosine is uncommon following CBA and its use does not improve long-term success rates.

adenosine-sensitive potassium channels leading to hyperpolarization 
of the resting membrane potential [2]. Large trials of adenosine 
usage with radiofrequency ablation (RFA) have shown conflicting 
results with regards to long term benefit on recurrence of AF [3], 

[4]. Unlike radiofrequency ablation, cryoballoon ablation (CBA) 
provides a circumferential lesion which theoretically can result in 
a more complete isolation of the pulmonary veins, however overall 
effectiveness is similar between radiofrequency and CBA [5]. As 
reconnection rates in general are lower with CBA than RFA, the 
utility of adenosine in this setting is unclear [3], [4], [6], [7].
Materials and methods
Data Source
   A prospectively maintained database of patients undergoing first 
CBA at Northwestern Memorial Hospital was analyzed. Patients 
were included who underwent CBA between 2011 and 2015. Both 
patients with paroxysmal and persistent AF were included. This study 
was approved by the institutional review board at Northwestern 
University.
Ablation Procedure
   A decapolar catheter was advanced through a left femoral venous 
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Introduction
   Pulmonary vein isolation (PVI) is the primary method of catheter 
ablation for atrial fibrillation (AF), however its long term efficacy 
is limited, in part, by electrical reconnection of the veins to the left 
atrium. Dormant conduction has been shown to be a predictor of 
late reconnection and recurrence of AF[1]. If discovered at the time 
of ablation, additional lesions can be delivered to the implicated 
vein to achieve complete isolation. Adenosine has previously 
been demonstrated to reveal dormant conduction by activating 
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activated clotting time < 270 seconds (i-STAT 1, Abbott Point of Care, 
Princeton, New Jersey). A comprehensive EP study was performed in 
patients with a history of suspected supraventricular tachycardia. In 
some cases, chamber reconstruction of the left atrium was performed 
using a mapping system (NavX, St. Jude Medical). The transseptal 
sheath was exchanged for a larger steerable, 15F outer diameter sheath 
(Flexcath, Medtronic, Minneapolis, Minnesota) to accommodate the 
cryoballoon (CB) (Arctic Front or Arctic Front Advance, Medtronic) 
and circular mapping catheter (Achieve, Medtronic). The circular 
mapping catheter was advanced through the CB catheter into the 
pulmonary veins. Ablation was performed with the CB catheter. The 
choice of 23mm vs. 28mm CB was based on pre-procedural computed 
tomography or magnetic resonance imaging. Prior to each ablation, 
a pulmonary venogram was performed to assess balloon occlusion 
of the PV ostium. In cases where pre-procedure imaging was not 
performed, pulmonary venography was utilized to guide selection of 

sheath and positioned in the coronary sinus. An intracardiac 
echocardiography (ICE) catheter (AcuNav, Biosense Webster, 
Diamond Bar, California) was then advanced through a left femoral 
sheath into the right atrium. Baseline ICE imaging was done to 
survey left atrial and pulmonary vein (PV) anatomy and evaluate for 
thrombus. Transseptal catheterization was performed from the right 
femoral vein using a transseptal sheath (SL1, St. Jude Medical, St. 
Paul, Minnesota or Preface, Biosense Webster) with fluoroscopy and 
ICE for guidance. Intravenous heparin was administered with goal 

CB size. A minimum of two cryoablations were made per PV, with 
each ablation lasting 3-4 minutes. During isolation of the right-sided 
PVs, a catheter was positioned in the superior vena cava to perform 
high-output pacing to monitor for phrenic nerve injury. Monitoring 
of compound motor action potential amplitude was added to the 
protocol early in the CBA experience [8]. Acute PVI was defined as 
entrance block [9], [10]. If PVI could not be achieved with the CB, focal 
ablation was performed using a conventional cryocatheter (Cryocath, 
Medtronic) or radiofrequency catheter to achieve PVI. Following 
PVI, reconnection was assessed after a mandatory 30-minute waiting 
period. The decision to use adenosine during the procedure was at 
the discretion of the primary operator. Adenosine was administered 
30 minutes after attempted PV isolation starting in increments of 6 
mg and increasing until transient complete heart block was achieved. 
Additional freezes and/or RF lesions were delivered for reconnected 
vein until dormant conduction was eliminated.
Post-Procedure Care and Follow-up
   Oral anticoagulation was resumed within 6-24 hours of the 
procedure per the patient’s prior regimen of warfarin or other oral 
anticoagulant. In the case of warfarin, unfractionated heparin was 
administered by intravenous infusion starting 6 hours following 
removal of sheath unless the procedure was performed with a 
therapeutic INR. This regimen was transitioned to subcutaneous 
low molecular weight heparin the following morning to continue 
until therapeutic international normalized ratio was achieved. The 
first 3 months following the procedure were considered a blanking 
period during which time arrhythmic events were not classified as 
treatment failures. All antiarrhythmic medications were stopped 
after the blanking period. Rhythm follow-up included, at minimum, 
a 3-week AF monitor at 3 months post-procedure, and 24 to 48-hour 
Holter monitors thereafter at 6-month intervals up to two years, 
or downloads from implanted devices when available. Additional 
monitoring was performed in response to patient symptoms. Surface 
ECGs were obtained at each clinic visit.
Statistical Analysis 
   The primary endpoint, time to AF recurrence without the need 
for antiarrhythmic drugs, was defined as any episode >30 seconds 
after a 3-month blanking period and was assessed by Kaplan-Meier 

Table 1: Baseline Characteristics

Variable No Adenosine
(N=283)

Adenosine
(N=78)

P value

Age (years) 61.3 ± 10.4 62.9 ± 8.4 0.20

Female, No. (%) 94 (33%) 18 (23%) 0.09

Diabetes, No. (%) 28 (10%) 7 (9%) 0.83

Hypertension, No. (%) 116 (41%) 37 (48%) 0.27

Structural Heart Disease, 
No. (%)

44 (16%) 6 (8%) 0.07

CHADS2 score, No. (%)   0.37

.     0 141 (50%) 37 (47%)  

.     1 98 (35%) 30 (38%)  

.     2 36 (13%) 7 (9%)  

.     3 7 (2%) 3 (4%)  

.     4 0 (0%) 1 (1%)  

.     5 1 (0%) 0 (0%)  

AF Duration (Years) 5.8 ± 5.9 4.8 ± 3.8 0.14

Antiarrhythmic Drug Use 1.0 ± 0.7 0.9 ±0.7 0.30

Left Ventricular Ejection 
Fraction

56.2 ± 10.7 59.2 ± 5.5 0.08

Left Atrial Diameter (cm) 3.8 ± 0.7 3.9 ± 0.6 0.60

Redo, No. (%) 56 (20%) 16 (21%) 0.90

Device, No. (%) 30 (11%) 7 (9%) 0.67

Baseline Rhythm, No. (%) 0.45

.     AF 86 (30%) 22 (28%)

.     Atypical Atrial Flutter 2 (1%) 0 (0%)

.     Other 1 (0%) 1 (1%)

.     Sinus 187 (66%) 55 (71%)

.     Typical Atrial Flutter 7 (2%) 0 (0%)

Right Superior Pulmonary Vein (RSPV)
Left Superior Pulmonary Vein (LSPV)
Right Inferior Pulmonary Vein (RIPV)
Left Inferior Pulmonary Vein (LIPV)
Left Common Pulmonary Vein (LCPV)

Figure 1: Distribution of reconnection of pulmonary veins with adenosine
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and did not receive adenosine (p = 0.86) ([Figure 2]). Results were 
similar when stratified by paroxysmal and persistent AF ([Figure 
3]). There was no significant difference in freedom from AF in 1st 
generation compared to 2nd generation cryoballoon (p = 0.91). Nine 
patients (2%) experienced complications, (7/283 in no-adenosine 
group and 2/78 in adenosine group, p = 0.96) with the most common 
complications being phrenic nerve injury (including transient injury) 
and bleeding events ([Table 2]). RFA was also used, primarily for 
additional lesion sets, in 8 patients (10%) in the adenosine group and 
43 patients (15%) of the no-adenosine group (p = 0.65).
Discussion
   In this study of 361 patients who underwent CBA, adenosine usage 
during CBA for AF did not improve freedom from AF. Notably, of 
those patients who received adenosine, the rate of reconnection was 
quite low at 6% of veins that were tested. This is similar to the rate 
noted by Ciconte et al. who found that just 4% of veins demonstrated 
reconnection after CBA [6].
Reconnection rates are higher in RFA with three large studies 

except for one patient in the no-adenosine group with long-standing 
persistent AF. In the adenosine group, 31% of ablations were done 
with the first generation cryoballoon, compared with 13% of the 
no-adenosine group (p < 0.001). Fifteen percent of the ablations in 
the adenosine group were performed with the 23mm cryoballoon, 
compared with 10% of the no-adenosine group (p = 0.21).
   Adenosine testing was performed in 78 patients (21.6%) with a 
mean dose of 10.6 mg/vein. Of the 306 veins evaluated, 17 (6%) 
demonstrated dormant conduction with adenosine. Reconnection of 
pulmonary veins is summarized in [Figure 1]. The most commonly 
reconnected vein was the left inferior (6 occurrences), then right 
superior (4 occurrences), followed by left common (with 3). Left 
superior and right inferior were the least common veins to reconnect.
   There was no significant difference between the mean dose of 
adenosine that resulted in dormant conduction (11.2 ± 3.1) and the 
mean dose that did not lead to reconnection (10.5 ± 3.7), p = 0.50. 
There were 8 veins (2.6%) that spontaneously reconnected during the 
30-minute waiting period prior to the administration of adenosine. 
A common left pulmonary vein was present in 19% and 20% of the 
no-adenosine and adenosine groups, respectively. One patient had 
a third right pulmonary vein and received 2 CBA lesions to that 
vein. Over a median follow-up period of 14.4 months, there was no 
significant difference in freedom from AF between those that did 

Panel A: Overall
Panel B: Paroxysmal AF
Panel C: Persistent AF
Adenosine group – blue solid line
No – adenosine group – red dashed line

Table 2: Procedural Complications

No adenosine
(N = 283)

Adenosine
(N = 78)

P-value

Procedural 
Complications, 
No. (%)

7 (2%) 2 (3%) 0.96

Bleeding, No. (%) 1 (0%) 1 (1%) 0.33

Perforation, No. 
(%)

0 (0%) 1 (1%) 0.06

Stroke, No. (%) 0 (0%) 0 (0%) .

Pneumothorax, 
No. (%)

0 (0%) 0 (0%) .

Phrenic nerve 
injury, No. (%)

3 (1%) 0 (0%) 0.36

Death, No. (%) 0 (0%) 0 (0%) .

Other 
complication, 
No. (%)

4 (1%) 0 (0%) 0.29

analysis. These designations are consistent with the HRS/EHRA/
ECAS definition of recurrent AF.[9] Continuous variables were 
summarized by mean and standard deviation. Categorical variables 
were summarized by frequencies and proportions.
Results
  From 2011 to 2015, 406 patients underwent CBA, 361 of whom had 
greater than 3 months follow-up. The mean age was 61.7±10.0 years 
and 69% were male. There was no significant difference in duration 
of AF, prior use of anti-arrhythmic drugs, or CHADS2 score between 
those that did and did not receive adenosine ([Table 1]). In the 
adenosine group, 14% had persistent AF, compared with 23% in the 
no-adenosine group; the remainder were classified as paroxysmal AF 

Figure 2:
Freedom from AF by adenosine group; there was no significant 
difference in freedom from AF by adenosine group overall or by 
type of AF
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finding rates of 21% (ADVICE), 27% (UNDER-ATP) and 34% [3], 

[4], [7]. With far fewer veins reconnecting with adenosine during CBA, 
the lack of difference in recurrence of AF over time is not surprising. 
With improvement in rates of complete isolation of the pulmonary 
veins, the additional effect of adenosine is considerably lessened. As 
a result, we found that routine use of adenosine in CBA does not 
improve long-term outcomes in AF. Results from the randomized 
trials of adenosine with RFA have been mixed. Interestingly, 
Ghanbari et al. noted that although adenosine did reveal dormant 
conduction, this difference did not translate to improvement in 
long-term outcomes. It is speculated that adenosine identifies acute 
pulmonary vein reconnection but is not predictive of long term 
reconnection [7].
   In contrast to our findings, a study by Kumar et al. involving 90 
patients (45 of whom received adenosine) and a study by Van Belle et 
al. of 99 patients (34 receiving adenosine) did find an improvement 
in clinical success rates for AF with CBA, despite similarly low 
rates of vein reconnection [11], [12]. A second study also by Kumar et 
al. investigated this question as well in 40 patients using CBA but 
did not find any difference in long-term success with 337 ± 92 days 
of follow-up [13]. The differing results obtained in the present study 
are likely due to the larger sample size. Additionally, the present 
study includes the longest follow-up to date of any CBA study with 
adenosine. Differences in effectiveness of adenosine in previously 
published studies may in part be due to variation in incorporation of 
a waiting period after ablation prior to giving adenosine or pursuing 
further ablation. Incorporation of a thirty minute waiting period 
after CBA has previously been shown to increase the incidence of 
dormant conduction in a study by Compier et al [14].
   Although the decision to use adenosine was at the discretion of the 
primary operator, the majority of adenosine cases were performed by 
a single operator who routinely used adenosine in all cases. The dose 
of adenosine used was not significantly different for the veins that 
reconnected and those that did not; in each case, this dose was based 
on the minimum amount necessary to achieve AV block, a strategy 
supported by a study by Kapa et al [15].
   The most common veins to demonstrate dormant conduction with 
adenosine were the LIPV and RSPV in our study. In comparison, 
UNDER-ATP reported that LSPV and RSPV were the most 

common to reconnect with RFA [3].
   Limitations of this study include the lack of a randomized study 
design. Additionally, rhythm evaluation at follow-up was determined 
by routine ECGs and event monitors at 3-month intervals or if 
symptoms necessitated additional evaluations, however it is possible 
that asymptomatic recurrence of AF in between evaluations was not 
detected. The AchieveTM catheter was used to detect PV potentials 
in all cases; though this catheter may detect more farfield signals than 
the typical lasso used in RF, the sensitivity of the AchieveTM for 
detecting dormant potentials has not yet been determined [16].
Conclusion
   Dormant conduction with adenosine is uncommon during CBA 
compared to RFA and use of adenosine does not improve freedom 
from AF.
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