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Background: This meta-analysis compares cryoablation and 
radiofrequency ablation efficacy, safety, and procedural outcomes in 
atrioventricular nodal reentrant tachycardia (AVNRT).  This meta-
analysis aims to compare procedural success, long-term recurrence, and 
complication rates of cryoablation versus radiofrequency ablation in the 
treatment of AVNRT. 
 
Methods: Following PRISMA 2020, PubMed, EMBASE, and Scopus 
were searched (25 September 2025). Eligible randomized or 
observational studies directly compared CRYO versus RFA for AVNRT 
and reported procedural success, recurrence, and/or complications. Risk 
of bias was assessed (ROBINS-I for non-randomized studies). Pooled 
effects were calculated in RevMan 5.4 using random-effects models; risk 
ratios (RR) were used for dichotomous outcomes and standardized mean 
differences (SMD) for continuous outcomes. Estimates used the Wald-
type method with REML; heterogeneity was summarized with I². 
 
Result: Sixteen studies were included. Acute procedural success was 
equivalent between CRYO and RFA (RR 1.00, 95% CI 0.99–1.02; 
p=0.47; I²=0%). CRYO showed higher recurrence during follow-up (RR 
2.29, 95% CI 1.49–3.53; p=0.0002; I²=39%). Complications favored 
CRYO (RR 0.51, 95% CI 0.28–0.92; p=0.03; I²=0%). Fluoroscopy time 
was shorter with CRYO (SMD −0.42, 95% CI −0.66 to −0.19; p=0.0004; 
I²=87%), while overall procedure duration was similar (SMD 0.12, 95% 
CI −0.06 to 0.31; p=0.19; I²=79%). Overall risk of bias was predominantly 
low. 
 
Conclusions: CRYO and RFA achieve comparable acute success in 
AVNRT. CRYO confers fewer complications and lower fluoroscopy 
exposure but a higher recurrence risk, highlighting a safety–durability 
trade-off. 

 
 

Introduction 

Atrioventricular nodal reentrant 
tachycardia (AVNRT) is the most common 
type of paroxysmal supraventricular 
tachycardia, accounting for approximately 
50–60% of cases in adults and a significant 

proportion in adolescents and young 
adults.1 Although AVNRT is typically not 
life-threatening, its recurrent, sudden 
episodes of palpitations, dizziness, or 
syncope can severely impair quality of life 
and frequently lead to emergency 
department visits.1 Catheter ablation has 



 
 Putri, et al. 

155 | U n i v e r s i t y  o f  P e l i t a  H a r a p a n  
 

become the treatment of choice for 
symptomatic patients, as pharmacologic 
therapy often proves less effective and 
poorly tolerated in the long term.1,2 

Radiofrequency ablation (RFA) has 
historically been the standard technique, 
achieving procedural success rates above 
95% with low recurrence rates of 3–5%.3–5 
However, RFA carries a small but notable 
risk of atrioventricular (AV) block requiring 
permanent pacemaker implantation, 
reported in 0.5–2% of patients.6 In contrast, 
cryoablation (CRYO) was introduced as a 
safer alternative, particularly valued for its 
ability to test lesion reversibility 
(“cryomapping”), which reduces the risk of 
permanent AV block. Nonetheless, CRYO 
is often criticized for lower long-term 
success and higher recurrence rates, with 
some studies reporting up to 15% 
recurrence compared to RFA.7,8 

Given the evolving evidence and 
ongoing debate over whether the safety 
advantage of CRYO offsets its lower 
efficacy compared to RFA, a 
comprehensive synthesis of outcomes is 
warranted. This meta-analysis aims to 
compare procedural success, long-term 
recurrence, and complication rates of 
cryoablation versus radiofrequency 
ablation in the treatment of AVNRT, 
providing updated evidence to guide clinical 
decision-making and procedural strategy 

 

Material And Methods 

Search Strategy 

This systematic review and meta-
analysis was conducted in accordance with 
the PRISMA 2020 guidelines.9 The protocol 
was not registered on PROSPERO. A 
comprehensive search of PubMed, 
EMBASE, and Scopus was performed on 
25 September 2025, without language 
restrictions, to identify relevant studies 
comparing CRYO and RFA in patients with 
AVNRT. The search strategy combined 
controlled vocabulary terms and free-text 
keywords related to “AVNRT,” 

“cryoablation,” and “radiofrequency 
ablation.” Reference lists of included 
studies and relevant reviews were hand-
searched to ensure completeness. 

 

Eligibility Criteria 

Studies were selected according to the 
PICO framework: 

• Population (P): Patients of any age 
diagnosed with AVNRT. 

• Intervention (I): CRYO. 

• Comparator (C): RFA. 

• Outcome (O): Primary outcome was 
procedural success, defined as the 
elimination of inducible AVNRT at 
the end of the ablation procedure. 
Secondary outcomes included 
recurrence rate during follow-up 
and procedure-related 
complications. 

Inclusion criteria were randomized 
controlled trials (RCTs) or observational 
studies (prospective or retrospective cohort 
studies) that directly compared CRYO 
versus RFA in AVNRT. Exclusion criteria 
were case reports, conference abstracts 
without full data, reviews or meta-analyses, 
editorials, and studies without a comparator 
group. 

 

Study Selection and Data Extraction 

All titles and abstracts were screened 
independently by two reviewers, followed 
by full-text evaluation of potentially eligible 
articles. Disagreements were resolved 
through discussion until consensus was 
achieved. Data extraction was performed 
independently by all reviewers using a 
standardized Google Sheets template. 
Extracted information included study 
characteristics (author, year, country, 
design, sample size), patient 
demographics, ablation technique, follow-
up duration, and outcomes of interest.

 Risk of Bias and Certainty of Evidence 
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Risk of bias for non-randomized 
studies was assessed using the ROBINS-I 
tool, evaluating seven domains including 
confounding, selection, classification of 
interventions, and outcome measurement. 
For randomized controlled trials, 
corresponding risk-of-bias criteria were 
applied. Additionally, the overall certainty of 
evidence for each outcome was graded 
using the Grading of Recommendations, 
Assessment, Development, and Evaluation 
(GRADE) approach, considering factors 
such as study limitations, inconsistency, 
indirectness, imprecision, and publication 
bias. 

 

Statistical Analysis 

Meta-analysis was performed using 
Review Manager (RevMan) version 5.4. 
For dichotomous outcomes, risk ratios (RR) 
with 95% confidence intervals (CI) were 
calculated, while for continuous outcomes, 
standardized mean differences (SMD) with 
95% CI were used. A random-effects model 
was applied regardless of heterogeneity, 
and all estimates were computed using the 
Wald-type method with Restricted 
Maximum Likelihood (REML) estimation. 
Statistical significance was defined as a 
two-sided p-value < 0.05. Heterogeneity 
was assessed using the I² statistic, and 
funnel plots were generated to evaluate 
potential publication bias. 

 

Result 

 

Figure 1. PRISMA Flow Diagram for 
Study Selection in the Meta-Analysis 

Comparing Cryoablation and 
Radiofrequency Ablation in Atrioventricular 

Nodal Reentrant Tachycardia 

 

A total of 828 records were identified 
through database searches (PubMed = 
239, EMBASE = 318, and Scopus = 271). 
After removing 72 duplicate records, 756 
unique studies were screened based on 
titles and abstracts. Of these, 708 were 
excluded for not meeting the inclusion 
criteria, leaving 48 full-text articles 
assessed for eligibility. Following detailed 
evaluation, 32 studies were excluded for 
various reasons: not directly comparing 
cryoablation versus radiofrequency 
ablation (n = 13), involving cryo-balloon 
ablation or non-conventional catheters (n = 
7), not reporting procedural success, acute 
success, or recurrence outcomes (n = 4), 
and mixing AVNRT with other arrhythmia 
types such as AVRT, atrial flutter, or atrial 
fibrillation without separate data (n = 8). 
Ultimately, 16 studies were included in the 
final qualitative and quantitative synthesis 
(figure 1).10–25 

 

Table 1. Characteristics of Included 
Studies Evaluating Cryoablation versus 
Radiofrequency Ablation in AVNRT 

 

 

The included studies (table 2) were 
conducted between 2003 and 2020, 
comparing various cryoablation protocols 
(4-, 6-, or 8-mm tip catheters) with 
conventional or irrigated RFA in patients 
diagnosed with AVNRT. The sample sizes 
across studies ranged from 20 to 509 
participants, reflecting a broad range of

institutional experiences. Most trials 
included both non-irrigated (NI-RFA) and 

irrigated RFA (IR-RFA) groups, while some 
studies further differentiated between 
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cryoablation catheter sizes. The age of 
participants generally ranged from the early 
40s to the mid-50s, with a relatively 
balanced sex distribution—female 
participants typically accounting for 60–
75% of the total cohort. 

 

Follow-up durations varied widely 
across studies, spanning from as short as 1 
month to as long as nearly 40 months, with 
the majority of studies reporting follow-up 
between 6 and 12 months. The procedural 
comparisons consistently evaluated acute 
procedural success, recurrence rates, and 
major complications such as 
atrioventricular block. While 
methodological heterogeneity existed 
among studies, particularly regarding 
mapping systems, catheter technology, 
and definition of procedural success, all 
included trials provided quantitative data 
suitable for pooled analysis of procedural 
success and safety endpoints. 

 

The meta-analysis demonstrated no 
significant difference in acute procedural 
success between cryoablation and RFA for 
AVNRT, with a pooled RR of 1.00 [95% CI, 
0.99–1.02; p = 0.47], indicating equivalent 
efficacy between the two techniques 
(Figure 2). In contrast, cryoablation was 
associated with a significantly higher 
recurrence rate compared to RFA, with a 
pooled RR of 2.29 [95% CI, 1.49–3.53; p = 
0.0002], suggesting roughly double the risk 
of recurrence following cryoablation (Figure 
4). For procedural safety, the pooled 
analysis favored cryoablation, which 
demonstrated a significantly lower 
complication rate than RFA (RR = 0.51 

[95% CI, 0.28–0.92; p = 0.03]), with no 
evidence of heterogeneity (I² = 0%) (Figure 
2). Regarding procedural efficiency, 
cryoablation resulted in a significantly 
shorter fluoroscopy time (SMD = –0.42 
[95% CI, –0.66 to –0.19; p = 0.0004], I² = 
87%) (Figure 5), suggesting reduced 
radiation exposure. However, procedure 
duration did not differ significantly between 
the two approaches (SMD = 0.12 [95% CI, 
–0.06 to 0.31; p = 0.19], I² = 79%) (Figure 
6). Collectively, these results indicate that 
both ablation techniques achieve 
comparable acute success, though 
cryoablation offers a superior safety profile 
and lower fluoroscopy exposure at the 
expense of a higher recurrence rate. 

 

 

Figure 2. Meta-analysis of pooled acute 
success rate between cryoablation and 

radiofrequency ablation in AVNRT 
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Figure 3. Meta-analysis of pooled 
complication rates between cryoablation 
and radiofrequency ablation in AVNRT 

 

Figure 4. Meta-analysis of pooled 
recurrence rates following cryoablation 
and radiofrequency ablation in AVNRT 

 

Figure 5. Meta-analysis of pooled 
fluoroscopy time between cryoablation and 

radiofrequency ablation in AVNRT 

 

Figure 6. Meta-analysis of pooled 
procedure time between cryoablation and 

radiofrequency ablation in AVNRT 
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Figure 7. ROBINS-I risk of bias 

assessment. 

The overall quality of the included non-
randomized studies was rated as 
predominantly low risk of bias, with most 
domains demonstrating consistent 
methodological rigor across studies (Figure 
7). A few studies exhibited moderate risk in 
domains related to classification of 
interventions, deviations from intended 
protocols, or selective reporting. Instances 
of unclear information were limited and 
mainly pertained to confounding or missing 
data, indicating generally reliable evidence 
quality for pooled analysis. 

 

Discussion 

The present meta-analysis 
demonstrated that acute procedural 
success between cryoablation and RFA for 
AVNRT was statistically comparable. This 
finding aligns with previous trials reporting 
that both energy sources achieve 
immediate elimination of slow-pathway 
conduction in over 95% of patients.26,27 
Comparable success is likely due to the 
ability of both modalities to effectively 
interrupt the reentrant circuit at the slow 
pathway input. It is known that both 
cryothermal and radiofrequency energy 

create controlled tissue injury at the slow 
pathway region; however, cryoablation 
achieves this through reversible cellular 
freezing, allowing safe lesion titration.28 The 
similar acute efficacy observed reflects that 
despite different biophysical mechanisms, 
both energies target the same nodal 
substrates with equivalent short-term 
success. 

In contrast, the pooled recurrence rate 
was significantly higher following 
cryoablation compared to RFA. This result 
concurs with earlier studies such as 
Zrenner et al. and Deisenhofer et al., which 
demonstrated greater recurrence after 
cryothermal ablation, particularly when 
using 4-mm cryocatheters.15,25 Literature 
suggests that recurrence stems from 
smaller lesion volumes and incomplete 
slow-pathway modification during 
cryoablation.29 Physiologically, cryolesions 
are produced by intracellular ice formation 
and microvascular injury, processes that 
depend on temperature gradients and 
tissue contact stability. The resultant 
lesions are shallower and more reversible 
than the thermal coagulation necrosis 
created by RFA, potentially allowing late 
reconduction of the slow pathway. Hence, 
while cryoenergy preserves nodal function, 
its limited lesion depth may account for the 
higher recurrence observed in this analysis. 

This study found that cryoablation was 
associated with significantly fewer 
complications compared to RFA. These 
results are consistent with extensive clinical 
data showing that permanent AV block is 
exceedingly rare with cryothermal energy 
but remains a risk with radiofrequency 
ablation.30 Previous multicenter registries, 
such as those by Kugler et al. and Chan et 
al., have documented near-zero rates of 
complete AV block with cryoenergy, 
supporting its superior safety profile.31 
Anatomically, this advantage is explained 
by the cryoadhesion property, which 
stabilizes 
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catheter contact during freezing, and by the 
“cryomapping” capability that allows 
reversible testing near the AV node before 
permanent lesion formation.32 These 
biophysical characteristics make 
cryoablation particularly suitable for 
pediatric or young adult populations where 
tissue preservation is paramount. 

In terms of procedural efficiency, the 
pooled analysis showed that cryoablation 
resulted in a significantly shorter 
fluoroscopy time, but similar overall 
procedure duration. These findings are 
consistent with current evidence 
suggesting that cryothermal systems, aided 
by catheter adhesion and stable 
positioning, reduce the need for 
fluoroscopic repositioning and thus lower 
radiation exposure.33 However, literature 
indicates that total procedure time can 
remain comparable because cryothermal 
applications require longer energy delivery 
(typically 240–300 seconds per lesion) 
compared with the brief thermal burns of 
RFA.34,35 From a physiological perspective, 
the reduced fluoroscopy time reflects 
improved procedural stability due to ice-tip 
adhesion, while the similar overall duration 
reflects the time needed for progressive 
freezing and rewarming cycles intrinsic to 
the cryoablation process. 

 

Conclusion 

In conclusion, this meta-analysis 
demonstrated that cryoablation and 
radiofrequency ablation (RFA) achieve 
comparable acute procedural success in 
the treatment of atrioventricular nodal 
reentrant tachycardia, confirming their 
equal efficacy in immediate slow-pathway 
modification. However, cryoablation was 
associated with a higher recurrence rate, 
reflecting its tendency to create smaller and 
more reversible lesions, while maintaining 
a markedly lower complication rate, 
particularly regarding atrioventricular block. 
These findings underscore a key clinical 
trade-off: cryoablation offers enhanced 
safety and reduced fluoroscopy exposure 

but at the cost of reduced long-term 
durability compared to RFA. Overall, both 
energy modalities remain highly effective, 
and the choice between them should be 
guided by patient-specific factors, 
procedural risk tolerance, and the 
operator’s experience. 
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