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Clinical Electrophysiology and Ablation

AF and atrial flutter (AFL) commonly coexist, and reveal a strong clinical 
interrelationship.1 The presence of AFL is documented in 20.6% of AF 
patients.2 Pulmonary vein (PV) firing during AF episodes makes an 
essential contribution to initiating typical AFL.3 In contrast, AF induced by 
pacing protocol during typical AFL ablation is a strong predictor for AF.4 

Complete PV isolation (PVI) by single-shot or point-by-point catheter 
ablation approach is the cornerstone of catheter ablation in AF patients.5 
Compared with antiarrhythmic drugs (AADs), catheter ablation significantly 
reduces the AF recurrence rate, provides better symptom control and 
improves the quality of life in AF patients.6,7 

In AF patients with left ventricular ejection fraction (LVEF) ≤35%, catheter 
ablation gives additional benefit in reducing hospitalisation due to 
worsening heart failure and all-cause mortality.8 However, the main issue 
is the high rate of atrial tachyarrhythmias (ATAs) following the catheter 
ablation procedure.9,10 Substrate modification, linear ablation and 
stepwise catheter ablation approaches have been conducted with a view 
to improving clinical outcomes.11–19

Ablation of the cavotricuspid isthmus (CTI) is well known as the therapeutic 
strategy for typical AFL.20 This approach has also been proposed as an 
additional ablation procedure to PVI for AF patients in improving ATAs-
free survival. A prior meta-analysis of randomised controlled trials (RCTs) 
revealed that prophylactic PVI during CTI ablation successfully improved 
the 1-year ATAs-free survival rate.21 However, several previous studies 
about prophylaxis CTI ablation during PVI in AF patients demonstrated 
conflicting results.14,22–24 This systematic review and meta-analysis study 
aimed to evaluate the advantage of prophylactic CTI ablation in AF 
patients without documented AFL.

Methods
Literature Search
According to the Preferred Reporting Items for Systematic Review and 
Meta-analysis (PRISMA) guidance, we conducted a systematic review and 
meta-analysis study.25 Until January 2021, articles comparing PVI + 
prophylactic CTI ablation versus PVI alone in AF patients without 
documented AFL were identified from the electronic scientific databases 
including ClinicalTrials.gov, ScienceDirect, PubMed, Cochrane and 
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ProQuest. We used the following keywords: ‘atrial fibrillation’ OR ‘AF’ OR 
‘AFib’ AND ‘catheter ablation’ OR ‘ablation’ AND ‘pulmonary vein isolation’ 
OR ‘PVI’ AND ‘cavotricuspid isthmus’ OR ‘CTI’. We also manually looked 
for potentially relevant articles from other sources, such as the reference 
lists of all eligible articles or Google Scholar. The literature search was 
conducted by two investigators.

Eligibility Criteria
We used the following inclusion criteria: original research articles 
comparing PVI + prophylactic CTI ablation versus PVI alone in AF patients 
without documented AFL; catheter ablation purposed for rhythm control; 
written in English; availability of the data about ATAs, AF and AFL during 
the follow-up period; and availability of the procedural aspect data, 
including all-procedural complications, fluoroscopy time, procedure time 
or radiofrequency (RF) application time. We also excluded articles with the 
following criteria: duplications; treatment group and control group were 
incomparable; documented AFL prior to catheter ablation; outcomes of 
interest were not reported; using the data from similar studies; 
unavailability of full text; cross-sectional study; meta-analysis; review 
article; editorial; or case reports.

Endpoints
In this meta-analysis, the study endpoints were divided into clinical and 
procedural endpoints. Clinical endpoints involved ATAs, recurrent AF and 
new-onset AFL during the follow-up period. The atrial tachyarrhythmias 
were defined as documented AF, AFL and/or atrial tachycardia episodes 
by ECG or Holter monitor with duration ≥30 seconds after a 3-month 
blanking period. The procedural time, fluoroscopy time, RF application 
time and all-procedural complications were the procedural endpoints in 
this study.

Study Quality Assessment
For cohort studies, the study quality was evaluated using the Newcastle–
Ottawa scale. It consisted of three domains with the highest score of 9. A 
cohort study was categorised as a good-quality study if it had: three or 
four stars in the selection domain; one or two stars in the comparability 
domain; and two or three stars in the outcome domain.26 

The quality assessment of RCTs was performed using version 2 of the 
Cochrane risk of bias tool in randomised trials.27 Two investigators 
performed the study quality assessment. The disagreement between 
both investigators was resolved through discussion and the third 
investigator’s second opinion.

Data Extraction
Two investigators conducted the data extraction process. Essential 
information about the following was extracted from each study: the name 
of the first author; year of publication; study design; centres involved; 
country; number of patients; type of arrhythmia; blanking period duration; 
follow-up period duration; and arrhythmia detection methods. We also 
extracted data about patient baseline characteristics from each study, 
including: demographic (sex and age); AF (paroxysmal AF proportion, AF 
duration and CHA2DS2-VASc score); comorbidities (heart failure, 
hypertension, stroke, coronary artery disease and diabetes); and 
echocardiographic parameters (LVEF, left atrial diameter and left atrial 
volume index). 

We also identified important information about: the incidence of ATAs, AF 
or AFL following the catheter ablation procedure; the procedural 
endpoints involved in procedural time, fluoroscopy time or RF application 
time; and all-procedural complications. We demonstrated the numerical 
data as the mean and SD. The mean and SD could also be estimated from 
the median and interquartile range using the Tiejun Tong group 
formula.28–30 The number and percentage represented categorical data.

Statistical Analysis
The statistical analysis was performed by two investigators using Review 
Manager (RevMan) version 5.3 (Cochrane). This process was conducted 
based on the standard guideline direction.31 We used Q-statistics to 
investigate heterogeneity among studies. The heterogeneity was 
identified if the p-value for heterogeneity was <0.1 or the I2 statistic was 
>50%.32–35 Meta-analyses were conducted using random effects models 
to anticipate clinical and methodological diversity among the included 
studies.34 The pooled effects were presented as a risk difference (RD), 
and standardised mean difference (SMD) for dichotomous and continuous 
outcomes. We also estimated the 95% CI of each pooled effect. A p-value 
<0.05 was considered statistically significant. The funnel plot was used to 
estimate the presence of the publication bias.33

Results
Study Selection Process
In the initial search phase, we successfully identified a total of 141 articles 
from electronic scientific databases (ClinicalTrials.gov [n=6], ScienceDirect 
[n=66], PubMed [n=21], Cochrane [n=5] and ProQuest [n=43]), and 12 
articles from the reference lists of eligible articles. After removal of 
duplicates, we had 89 articles. In the beginning, 74 articles were excluded 
due to being unrelated to our systematic review and meta-analysis. In the 
next phase, we also excluded 10 articles because of the following: 
included AFL patients (n=3), meta-analysis (n=1), review (n=3) and 
unavailability of full text (n=4). Finally, four good-quality studies, including 
two cohort studies and two RCTs, were involved in this systematic review 
and meta-analysis.14,22–24 The flow diagram of the study selection process 
is shown in Figure 1.

Baseline Characteristics
We summarised the characteristics of the studies in Supplementary 
Material Table 1. The study from Kim et al. only involved paroxysmal AF 
patients.22 However, other studies also included another type of AF, such 

Figure 1: Flow Diagram of the Study Selection Process
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as persistent AF or long-standing persistent AF.14,23,24 3D mapping systems, 
such as CARTO or EnSite NavX, were used in four studies.14,22–24 The 
blanking period duration in all studies was 3 months, and the shortest 
follow-up period was 12 months. AADs were given to some of the patients 
during the follow-up period.14,22–24 However, the data about the usage 
rates of AADs during follow-up were available in only two studies. The 
usage rates of AADs were 18.9% and 47.8% in the studies by Pontoppidan 
et al. and Mesquita et al., respectively. No significant difference was 
found in the AADs usage rate between both groups.14,24 Besides standard 
12-lead ECG recording, all studies used ambulatory monitor systems, such 
as the Holter monitor or event recorder, to detect arrhythmia.14,22–24

A total of 1,476 AF patients from four studies were included in this 
systematic review and meta-analysis (724 patients in the PVI + prophylactic 
CTI ablation group and 752 patients in the PVI alone group).14,22–24 The 
mean age of all study participants was 58.5 ± 10.8 years, and 68.7% of 
them were men. The CHA2DS2-VASc scores were available in three studies, 
with an overall mean value of 1.7 ± 2.9.22–24 Comorbid conditions, including 
heart failure, hypertension, stroke, coronary artery disease and diabetes, 
were found in 7.3%, 45.8%, 4.7%, 4.7% and 10% of study participants, 
respectively. The data about LVEF and left atrial diameter were reported in 
three studies.14,22,23 The overall mean value of the LVEF and left atrial 
diameter were 64.0% ± 20.7% and 41.3 mm ± 39.1 mm, respectively. 

Only a study by Mesquita et al. provided left atrial volume index data. The 
mean left atrial volume index in the PVI + prophylactic CTI ablation group 
and PVI alone group were 57.3 ± 3.5 ml/m2 and 55.3 ± 3.0 ml/m2, 
respectively.24 Patient characteristics in each study are summarised in 
Supplementary Material Table 2.

Study Quality, Heterogeneity and Publication Bias
Based on version 2 of the Cochrane risk of bias tool in randomised trials 
assessment, two RCTs involved in this meta-analysis were not at high risk 
of bias. According to the Newcastle–Ottawa scale, two cohort studies 
were classified as good-quality studies (Figure 2). Heterogeneity was 
present in the meta-analysis of atrial tachyarrhythmias (I2=57%, p-value for 
heterogeneity=0.07), new-onset atrial flutter (I2=61%, p-value for 
heterogeneity=0.11), procedure time (I2=97%, p-value for heterogeneity 
<0.01), fluoroscopy time (I2=99%, p-value for heterogeneity <0.01) and 
radiofrequency application time (I2=79%, p-value for heterogeneity=0.03). 
This heterogeneity could be caused by the various AF types, comorbid 
conditions, atrial size, operator experience and follow-up duration. 
However, we did not find the heterogeneity in the meta-analysis of 
recurrent atrial fibrillation (I2=31%, p-value for heterogeneity=0.23) and 
procedural complications (I2=42%, p-value for heterogeneity=0.19). 
Because two cohort studies and two RCTs were involved in this systematic 
review and meta-analysis study, the pooled effects were conducted using 
random effects models to anticipate clinical and methodological diversity 
among included studies (Figures 3 and 4).14,22–24 As shown in the funnel 
plot (Figure 5), publication biases were not found in the analysis of atrial 
tachyarrhythmias, recurrent atrial fibrillation, new-onset atrial flutter, 
procedural complications and RF application time.

Clinical Endpoints
In the analysis of clinical endpoints, the risk of ATAs following a successful 
catheter ablation procedure was higher in the PVI + CTI ablation group 
than PVI alone group (34.8% versus 28.2%; RD 0.08; 95% CI [0.00–0.17]; 
p=0.04). We also conducted subgroup analysis for recurrent AF and new-
onset AFL following the catheter ablation procedure. Additional CTI 

Figure 2: Study Quality Assessment
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ablation was associated with a greater recurrent AF rate (33.8% versus 
27.1%; RD 0.07; 95% CI [0.01–0.13]; p=0.02). However, both groups revealed 
a non-significant difference in new-onset AFL (2.1% versus 2.3%; RD 0.00; 
95% CI [−0.05, 0.05]; p=0.87) during the follow-up period (Figure 3).

Procedural Endpoints
The procedure time (SMD 0.55; 95% CI [–0.16, 1.26]; p=0.13) and 
fluoroscopy time (SMD –0.20; 95% CI [–1.72, 1.32 min]; p=0.79) between 
both groups were not significantly different. However, additional 
prophylactic CTI ablation to PVI significantly increased RF application time 
(SMD 0.52; 95% [CI 0.04–1.01]; p=0.03). Both groups had a similar rate of 
all-procedural complications (2.3% versus 2.3%; RD 0.00; 95% CI [−0.04, 
0.04]; p=0.97; Figure 3). We did not perform a subgroup analysis of the 
specific procedural complication, because only two studies reported it.14,22 
Moreover, the number of specific complications in each study was too 
low. Therefore, the subgroup analysis was not possible (Figure 4).

Discussion
Main Results and the Current Recommendation
We tried to assess whether prophylactic CTI ablation could improve 
outcomes in AF patients without documented AFL. Our main result was 

that PVI + prophylactic CTI ablation was not superior to PVI alone in 
reducing ATAs, recurrent AF and new-onset AFL following a successful 
catheter ablation procedure. Moreover, prophylactic CTI ablation was 
associated with a higher risk of ATAs and recurrent AF. Prophylactic CTI 
ablation also did not increase all-procedural complications. However, it 
was associated with longer RF application time.

The current guideline strongly recommends PVI as a rhythm control 
strategy for paroxysmal AF and persistent AF.5 On the other side, CTI 
ablation is recommended for recurrent and symptomatic CTI-dependent 
AFL.20 The rates of ATAs following those procedures are still high. In AF 
patients undergoing PVI ablation, 29.4–42% of patients developed ATAs 
during the follow-up period.36–38 However, in AFL patients, the ATAs can 
be found in 16.7–50% of patients after CTI ablation.39,40

The Link Between Atrial Flutter and AF
A long time ago, AFL and AF were thought to be different arrhythmias, 
driven by a single macroreentrant arrhythmia circuit and multiple re-
entrant wave fronts in both atria. However, in the real clinical setting, 
approximately 50% of AFL patients suffer from AF during long-term 
follow-up.41 The studies from Watson et al. and Waldo et al. provided new 

Figure 3: Forest Plot of the Clinical Endpoints
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insight into understanding the mechanism of AF and AFL. Those studies 
observed that a transitional period of AF typically preceded the AFL 
onset.42,43 The transition from an AF to AFL mechanism was described in 
an animal study by Ortiz et al. That study revealed that the conversion 
from AF to AFL was due to: the formation of a long line of the functional 
block; the presence of stable re-entry circuits; and the re-emergence of 
the slow conduction area. In contrast, the conversion from AFL to AF 
following these several mechanisms caused the following: a decrease in 
the cycle length; disappearance of the slow conducting area; a decrease 
in the length of the functional block line; and an unstable re-entry circuit 
with the very short cycle length with various appearance, shape and 
location.44 

Three years later, a human study by Roithinger et al. documented the 
existence of the stereotypical pattern of the subendocardial organisation 
during the transformation from AF to AFL.45 In 2001, Hsieh et al. reported 
that several ectopic beats initiated the spontaneous transformation from 
typical AFL to AF. It could be eliminated by performing catheter ablation to 
those ectopic foci.46 Therefore, it is thought that a better outcome will be 

achieved by performing prophylactic PVI in AFL patients undergoing CTI 
ablation or conducting prophylactic CTI ablation in AF patients undergoing 
PVI.

Prophylactic Cavotricuspid Isthmus Ablation 
During Pulmonary Vein Isolation
Several studies were conducted to assess the advantage of prophylactic 
CTI ablation in AF patients without documented AFL.14,22–24 An RCT by 
Pontoppidan et al. revealed that prophylactic CTI ablation failed to reduce 
the recurrent AF or new-onset AFL.14 An RCT with a longer follow-up 
duration by Kim et al. also showed similar results.22 A cohort study with a 
large number of patients by Mesquita et al. also demonstrated that 
prophylactic CTI ablation failed to increase AF-free survival.24 The high 
rate of post-catheter ablation atypical AFL in the PVI alone group could be 
due to a macroreentrant circuit resulting from atrial remodelling. A 
retrospective study from Lee et al. showed that additional CTI ablation 
was associated with higher ATAs after the catheter ablation procedure. 
However, in that study, the higher ATAs in the prophylactic CTI ablation 
group could be caused by left atrial remodelling. In that group, patients 

Figure 4: Forest Plot of the Procedural Endpoints
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had a larger left atrial size (39.67 ± 5.07 mm versus 35.95 ± 5.56 mm; 
p<0.01). A study from Lee et al. gave us the important lesson that left atrial 
remodelling or left atrial size plays a major role in the development of 
ATAs.23

To the best of our knowledge, our study is the first systematic review and 
meta-analysis study that quantified the efficacy and safety profile of 
prophylactic CTI ablation in AF patients without documented AFL. A 
previous meta-analysis study by Romero et al. compared PVI + CTI 
ablation with PVI alone in AF patients.47 However, that meta-analysis 
included two RCTs that involved AF patients with documented coexisting 
AFL.48,49 In our meta-analysis, we did not only exclude the studies from 

Wazni et al. and Mohanty et al., but we also added a study from Kim 
et  al.48,49,22 We provided data about procedural aspects, including 
procedure time, fluoroscopy time, RF application time and all-procedural 
complications, that were not provided by the prior meta-analysis study by 
Romero et al.47

Our study revealed that prophylactic CTI ablation could not reduce the 
risk of ATAs during the follow-up period. Our result supported the prior 
study by Romero et al. (RR 1.29; 95% CI [0.93–1.79]; p=0.13).47 In our meta-
analysis, we also found that prophylactic CTI ablation failed to reduce 
recurrent AF. This finding could be influenced by the results of the study 
by Lee et al.23 In that study, the left atrial size in both groups was 

Figure 5: Funnel Plots
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significantly different. That could be a significant confounder. A larger 
atrial size was associated with a higher AF recurrence rate following 
PVI.50,51 Our meta-analysis demonstrated that prophylactic CTI ablation did 
not reduce new-onset AFL in AF without documented typical AFL patients. 
In both groups, the most AF ablation was PVI.14,22–24 Additional ablation 
strategies, such as linear ablation, complex fractionated atrial electrogram 
ablation and superior vena cava isolation, were conducted if PVI was not 
effective.14,23 A prior study from Ipek et al. showed that linear ablation for 
AF was correlated with a higher left AFL incidence following AF ablation.52 
In contrast, CTI ablation is the well-known treatment of choice for CTI-
dependent AFL, and it is crucial to differentiate between CTI-dependent 
and non-CTI-dependent AFL.20 In this meta-analysis, data about the 
specific types of AFL were only available in a study by Lee et al.23 
Therefore, we could not conduct a subgroup analysis.

As expected, prophylactic CTI ablation required a longer RF application 
time. However, the procedure time, fluoroscopy time and procedural 
complications between both groups were not significantly different. Our 
results suggested that conducting prophylactic CTI ablation in AF patients 
without documented AFL was ineffective and inefficient. Our results also 
supported the AF catheter ablation strategy in most of the centres. The 
first-time AF catheter ablation strategy is high-power, short-duration PVI 
only.53,54 If any atrial tachyarrhythmia is documented during the follow-up 
period, additional linear ablation can be considered.

Limitations
Special attention is required in interpreting the results of our study due to 
the presence of several limitations. First, even though only studies that 
assessed prophylactic CTI ablation in AF patients without documented AF 
were included, most of those studies were small studies with a limited 
number of participants. Second, almost all studies in this meta-analysis 
involved paroxysmal AF and persistent AF patients. We did not conduct 
the subgroup analysis based on AF subtypes because: only four studies 
were included in this meta-analysis; the study from Kim et al. only involved 

paroxysmal AF patients; other studies included paroxysmal AF and 
persistent AF, and/or long-standing persistent AF; and we could not 
access the patients’ individual-level data.14,22–24 Third, the unequal 
baseline characteristics, especially the left atrial size, could be a 
confounder, because atrial remodelling plays an essential role as the 
substrate for ATAs. Fourth, the differences in the mapping system, 
catheter ablation technology, ablation strategy, operator experience, 
follow-up period duration, the physicians’ preference-directed AADs 
usage during the follow-up period and arrhythmia detection method were 
other issues that could affect the outcomes.

Conclusion
In this meta-analysis, conducting prophylactic CTI ablation during PVI in 
AF patients without documented AFL did not reduce the risk of ATAs, 
recurrent AF and new-onset AFL in AF patients. Moreover, prophylactic 
CTI ablation was associated with a higher risk of ATAs and recurrent AF. In 
this population, conducting prophylactic CTI ablation during PVI prolonged 
RF application time. Our study suggested that prophylactic CTI ablation 
was an ineffective and inefficient approach for AF patients without 
documented AFL. RCTs with better methods, larger scale and longer 
follow-up durations are required to obtain better evidence. 

Clinical Perspective
• Pulmonary vein isolation (PVI) is the cornerstone of catheter 

ablation in AF patients.
• Prophylactic  cavotricuspid isthmus (CTI) ablation during PVI in 

AF patients without documented atrial flutter (AFL) fails to 
reduce the risk of ATAs, recurrent AF and new-onset AFL.

• Prophylactic CTI ablation during PVI in AF patients without 
documented AFL prolongs radiofrequency application time.

• Prophylactic CTI ablation during PVI in AF patients without 
documented AFL does not increase complication rates.
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