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Introduction
Catheter ablation is an effective treatment for atrial fibrillation (AF), 

and pulmonary vein (PV) isolation is considered the cornerstone of 
all AF ablation strategies. In recent years, balloon-based ablation has 
emerged as an encouraging alternative to RF ablation and is equally 
effective for PV isolation in patients with paroxysmal and persistent 
AF (1). There are several reasons for this. The acute and long-term 
safety and efficacy associated with cryoablation appears comparable 
to that of radiofrequency ablation in patients with both paroxysmal 
and persistent types of AF. Moreover, cryoablation offers a milder 
learning curve, shorter ablation duration and overall procedure time 
and simultaneously avoiding costly electroanatomical mapping 
technologies. Lastly, with the recent advent of the second-generation 
cryoballoon, the effectiveness of cryoablation has further improved 

dramatically (2).

It is important to evaluate procedure-related complications 
described to date, to understand its mechanism and to take steps to 
minimize their occurrence. Complications of cryoenergy ablation may 
be due to damage of structures close to the application site, resulting 
in phrenic nerve (PN) paralysis, gastroparesis, atrioesophageal fistula, 
or esophageal lesions as collateral cryoablation damage.  Until now 
few authors reported on hemoptysis after cryoballoon ablation but 
without regular follow-up or a definite etiology. Cryoablation causes 
vascular injury through multiple factors, including ice formation 
within the vasculature. The ice during expansion causes the formation 
of tears, clefts, leakages, and stasis postreperfusion. The interruption 
of vascular integrity is the reason for intramyocardial hemorrhage as 
well as for hemoptysis associated with cryoinjury to the lung tissue. A 
few reports on the effects of freezing have described acute lung injury 
due to cytokine release in about 35% of animal subjects (3).

Methods
For this current systemic review and meta-analysis, Literature has 

been reviewed from January 2008 to March 2019 focusing on the 
incidence of hemoptysis after cryoballoon ablation for AF ablation 
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Abstract
Aim: Cryoballoon is a widely used tool for ablation for atrial fibrillation (AF). There are several complications after cryoablation. This paper 

assesses the incidence rate and severity of hemoptysis after cryo ablation for AF. 
Methods: For current systemic review and meta-analysis, literature has been reviewed from 2008 to 2019 focusing on the incidence of 

hemoptysis after cryoballoon ablation for atrial fibrillation catheter ablation in PubMed, Cochrane library and EMBASE databases.
Results: This meta-analysis included 3534 patients from 20 studies; of mean age 54.0 ± 10.9 years. All patients had cryoballoon ablation 

for paroxysmal or persistent AF refractory to treatment and follow up duration for 8.2 ± 5.9 months with mean procedure duration of 153.4± 
65.4 minutes. The mean cryoablation duration was 869.4 ± 148 sec with mean temperature of -59.7 ± 5.1°C and a total of 109 patients 
(3.08%) had hemoptysis which was mild in the majority of cases (76.1%), mild to moderate in 20.2% and severe in only 3.7%.  Hemoptysis 
onset was at 29.0 ± 56.5 day with median of 7 days, range (2 hours to 210 days). In 11 studies hemoptysis occurred early in 51 patients 
(95% CI for I2 was 0.0% to 0.0, P =0.95, I2 was 0.0%), but in 9 studies, hemoptysis occurred late in 58 patients (95% CI for I2 was 0.0% to 
0.0, P =0.96, I2 was 0.0%).

Conclusions: Mild hemoptysis is experienced by significant number of cryoballoon AF ablation patients and severe type in 3.5 % attributed 
to significantly lower temperature in inferior pulmonary veins and is more often associated with bigger cryoballoon. 
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in PubMed, Cochrane library and EMBASE databases. Data were 
analyzed using MedCalc software (MedCalc Software, Mariakerke, 
Belgium) to perform meta-analysis to provide a numerical estimate 
of the overall effect of interest from separate but similar studies. Total 
fixed and random effects were calculated.
Statistical analysis

Data were analyzed using MedCalc software (MedCalc Software, 
Mariakerke, Belgium). Descriptive statistics were computed for 
different variables. Qualitative data were presented as number 
and percentages. Mean ± SD, median, range were calculated for 
quantitative variables.  Meta-analysis was performed to provide 
a numerical estimate of the overall effect of interest from separate 
but similar studies. Total fixed and random effects were calculated. 
To assess heterogeneity, Cochran’s Q test and I2 statistic were 
calculated, Cochran’s Q test with low P-values indicates presence of 
heterogeneity. I2 statistic, is the percentage of observed total variation 
across studies that is due to real heterogeneity rather than chance. 
The results of the different studies, with 95% CI, and the overall 
effect (under the fixed and random effects model) with 95% CI are 
illustrated in a graph called “forest plot” (23). 

Continuous variables are expressed as mean ± standard deviation 
and were compared with the Mann Whitney U-test as appropriate. 
The significance level was set at p < 0.05. The systemic review was 
conducted according to PRISMA guidelines.

Figure 1: Overview of the manuscripts selected for the systemic review 
and meta-analysis.

Figure 2: Meta-analysis of proportion and Forest plot for the proportions 
of hemoptysis incidence

Figure 3: Severity of hemoptysis
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Figure 4: Meta-analysis and Forest plot for the proportions of mild hemoptysis
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Figure 5: Meta-analysis and Forest plot for the proportions of mild to moderate hemoptysis
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Figure 6: Meta-analysis and Forest plot for the proportions of severe 
hemoptysis

Figure 7: Meta-analyses and Forest plot for the proportions of early onset 
hemoptysis

Study selection criteria
Total of 125 studies were included through database and 43 

studies were excluded as duplicate or irrelevant references. Further, 
a total of 59 studies were excluded by screening, and 3 more study 
by eligibility, so the final number of the studies included in the 
quantitative synthesis were 21 studies as shown in Figure 1 and 11. 
Of the 20 studies that were included in the meta-analysis, 8 studies 
were prospective while 2 were retrospective. The other 8 studies were 
case studies, with last 2 being surveys.

Study population
From 20 studies, a total of 3,534 patients of mean age 54.0 ± 10.9 

years had balloon cryoablation for paroxysmal or persistent AF with 
follow up duration for 8.2 ± 5.9 month. The mean procedure duration 
was 153.4 ± 65.4 minutes, mean cryoballoon ablation duration was 
869.4 ± 148 seconds and mean temperature was -59.7 ± 5.1 °C.

Incidence and severity of hemoptysis
Out of 3,534 patients included in the study; 109 patients 3.08% 

developed hemoptysis (95% CI for I2 was 69.3 to 86.5, P < 0.001, 
I2 was 79.7%) as shown in Figure 2. Hemoptysis was mild in the 
majority of cases i.e. 77%, and mild to moderate in 19.5% and severe 
in only 3.5% as shown in Figure 3.

Figure 4 shows that a total of 12 studies revealed mild hemoptysis 
in 83 patients (95% CI for I2 was 0.0 to 55.8 %, P =0.50, I2 was 
0.0%). Figure 5 shows that a total of 6 studies demonstrated mild to 
moderate hemoptysis in 22 patients (95% CI for I2 was 0.0 to 0.0 %, 
P =0.97, I2 was 0.0%). Figure 6 shows that 4 studies demonstrated 
severe hemoptysis in 4 patients (95% CI for I2 was 0.0 to 97.7%, P 
=0.227, I2 was 32.4%).

Moreover, on doing detailed analysis further, bigger cryoballoon was 
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Figure 8: Meta-analysis and Forest plot for the proportions of late onset hemoptysis
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Figure 9:

a)The deep position of the guide wire in the Right inferior 
pulmonary vein during intra procedural fluoroscopy. 
b) ground glass opacification seen on computed tomography 
scan. 

Figure 10: The potential mechanism for hemoptysis

Figure 11: Central illustration for hemoptysis after cryoballoon ablation for 
atrial fibrillation.

associated higher incidence of hemoptysis as seen in supplementary 
file.
Onset of hemoptysis

The onset of hemoptysis was at the day 29.0 ± 56.5 after cryoablation 
with median of 7 days, and range of 2 hours to 210 days. Considering 
the median of 7 days, the hemoptysis onset was classified into 

1) early onset: starting in the 1st week and 
2) late onset: starting after 1st week.
As per Figure 7, a total of 11 studies revealed hemoptysis occurred 

in 51 patients within the 1st week of procedure (95% CI for I2 was 
0.0 to 0.0%, P =0.95, I2 was 0.0%). However, Figure 8 shows that 9 
studies with 58 patients developed late hemoptysis (after 1 week of 
procedure) (95% CI for I2 was 0.0 to 0.0%, P =0.96, I2 was 0.0%).

Discussion
Hemoptysis has been reported sporadically by different authors 

following cryoablation of AF with varying incidence. The present 
paper emphasizes the association between hemoptysis and 
cryoballoon ablation of AF which is attributable to significantly 
lower temperature in inferior PVs. Transient interruption of vascular 
integrity, perhaps within the pulmonary capillary system due to 
cryoinjury, has been postulated as the reason for hemoptysis. Very low 
freezing temperature (which always is associated with good isolation) 
is the etiology for hemorrhagic infarction and the hemoptysis (9,17). 
A possible mechanism might be that a complete isolation with very 
low freezing temperatures causes cryo-injury to the adjacent tissues 
and vasculature as summarized in Figure 10. Based on the evidence 
till date, both the clinical symptoms and findings appear to be self-
limiting, with gradual resolution over time (10-14). No evidence has 
shown that these cases are associated with catastrophic complications, 
such as the formation of a fistula (3). Bronchial erosion can also be 
detected during bronchoscopy (15-16). Moreover, an argument against 
direct trauma is the fact that in some cases it took several hours to 
days for the hemoptysis to become clinically overt. When causing 
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maximum incidence during and up to few days after procedure and 
is independent of other complications like phrenic nerve paralysis, 
gastroparesis. Dexterity of PV location does not influence the 
incidence. A high degree of suspicion is necessary to avoid misleading 
diagnostic procedures and to allow proper and prompt management.
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underwent single big cryoballoon technique for PV isolation and 
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associated with very low freezing temperatures. The authors further 
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