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Abstract
Background: This study aimed to investigate and perform diagnostic test meta-
analysis on whether slow left atrial conduction velocity (LACV) in the anterior wall 
calculated by electroanatomic mapping predicts atrial fibrillation (AF) recurrence after 
catheter ablation.
Methods: Extensive literature search was performed on PubMed, SCOPUS, and 
EuropePMC up to June 5, 2024. The exposure group included AF patients with slow 
LACV in the anterior wall, while the control group included AF patients without slow 
LACV in the anterior wall. Slow LACV in the anterior wall was defined as LACV below 
study-specific cut-off points in m/s, measured by invasive electroanatomic mapping. 
The primary outcome of this study was AF recurrence, defined as AF/Atrial Flutter/
Atrial Tachyarrhythmias lasting over 30 s at least 3 months after the blanking period 
postablation.
Results: This systematic review and meta-analysis included seven studies, involving a 
sample size of 1428 patients with mean follow-up duration were 13 months. Patients 
with AF recurrence has slower LACV in the anterior wall (mean difference − 0.16 m/s 
[−0.18, −0.15], p < .001). Slow LACV in the anterior wall defined as LACV below 0.70–
0.88 m/s was associated with increased AF (adjusted OR 3.41 [1.55, 7.50], p = .002). 
Slow LACV in the anterior wall has an AUROC of 0.80 [0.76–0.83], sensitivity of 70% 
[52, 84], specificity of 76% [67, 83], positive likelihood ratio of 2.9 [2.3, 3.6], negative 
likelihood ratio of 0.39 [0.25, 0.63] for predicting AF recurrence postablation.
Conclusion: Slow LACV in the anterior wall was associated with AF recurrence after 
catheter ablation.
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1  |  INTRODUC TION

Atrial fibrillation (AF) is one of the most frequently encountered car-
diac arrhythmias in clinical practice. It is associated with high mortal-
ity and morbidity and imposes an economic burden due to increasing 
hospitalization costs. AF is a progressive condition that is challeng-
ing to treat. Advances in AF ablation technology have produced 
acceptable results, particularly for paroxysmal AF.1–4 However, AF 
recurrence remains a significant concern, especially in persistent AF. 
Additional ablation strategies beyond pulmonary vein isolation (PVI) 
are being explored, but with limited success. Therefore, the search 
for new strategies continues to be a priority.

P-wave duration, which represents interatrial conduction, has 
been shown to predict AF recurrence after ablation.5 Investigating 
left atrial conduction velocity (LACV) and its pathways may enable 
the localization of the most critical regions. The LACV of the ante-
rior wall shows promising results for predicting AF recurrence.6–12 
Identifying these key areas might help with risk stratification and 
the development of relevant ablation strategies. Existing stud-
ies show varying model performance; therefore, it is important 
to perform a pooled analysis of these studies. This study aims 
to investigate and conduct a diagnostic test meta-analysis to 

determine whether slow LACV in the anterior wall, as calculated 
by electroanatomic mapping, predicts AF recurrence after cathe-
ter ablation.

2  |  METHODS

2.1  |  Literature search strategy

Two reviewers independently conducted an extensive literature 
search using the specified keywords: ((slow left atrial conduction 
velocity) OR (low left atrial conduction velocity) OR (long left atrial 
conduction velocity)) AND (atrial fibrillation) AND (ablation). The 
search was performed on PubMed, SCOPUS, and EuropePMC up to 
June 5, 2024. Any discrepancies were resolved through discussions. 
The eligibility of the records was assessed using predetermined in-
clusion and exclusion criteria.

The authors conducted a systematic review in accordance 
with the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines. The protocol is registered in 
PROSPERO CRD42024556434. Figure 1 presents a flowchart illus-
trating the literature search process.

F I G U R E  1  PRISMA Flowchart.
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2.2  |  Exposure and control groups

The exposure group included AF patients with slow LACV in the 
anterior wall, while the control group included AF patients with-
out slow LACV in the anterior wall. Slow LACV in the anterior wall 
was defined as LACV below study-specific cut-off points in m/s, 
measured by invasive electroanatomic mapping. The wavefront 
propagation in the anterior wall started from the Bachmann bun-
dle, passed through the anterior wall toward the atrial appendage, 
crossed the left atrial appendage's ostium, and finally reached the 
isthmus of the mitral valve.1 Studies involving only PVI as well as 
those performing PVI with additional ablation beyond PVI were 
considered.

2.3  |  Selection criteria

We included observational studies (both prospective and retro-
spective) that reported the incidence of AF recurrence, compar-
ing patients with slow LACV in the anterior wall to those without. 
We excluded abstract only articles, animal studies, letters to the 
editor, review articles, case reports, and non-English language 
articles.

2.4  |  Outcome

The primary outcome of this study was AF recurrence, defined as 
AF/atrial flutter/atrial tachyarrhythmias lasting over 30 s at least 
3 months after the blanking period postablation. A continuous 
variable analysis (mean difference) was performed for LACV in the 
anterior wall in patients with AF recurrence compared to those 
without. Adjusted hazard ratios (HR) and adjusted odds ratios (OR) 
were converted into adjusted ORs for comparison between pa-
tients with slow LACV in the anterior wall and those without.

2.5  |  Data extraction

Two reviewers independently extracted data using a form detailing 
the primary outcome, study design, sample size, inclusion criteria, 
percentage of paroxysmal AF, additional ablation beyond PVI, fol-
low-up duration, and age. The risk of bias in the studies was inde-
pendently assessed by two reviewers using the Newcastle-Ottawa 
Scale for observational studies. Any disagreements were resolved 
through discussion.

2.6  |  Statistical analysis

This meta-analysis was performed using ReviewManager 5.4.1 and 
STATA 17. A random-effects model approach using the inverse vari-
ance method was used for both mean difference and adjusted OR. TA
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Statistically significant heterogeneity was defined as an I2 value 
>50% and/or a pheterogeneity below .10. The pooled effect was con-
sidered statistically significant when the p-value was less than .05. 

Egger's test was used to quantitatively measure small-study effects. 
A diagnostic test meta-analysis was performed to calculate the area 
under the receiver operating characteristic (AUROC), sensitivity, 

F I G U R E  2  LACV in the anterior wall of patients with AF recurrence versus those without [continuous variable]. LACV, left atrial 
conduction velocity; AF, atrial fibrillation.

F I G U R E  3  Slow LACV in the anterior wall and AF recurrence [adjusted odds ratio]. LACV, left atrial conduction velocity; AF, atrial 
fibrillation.

TA B L E  2  Leave-one-out sensitivity analysis.

Study left out Effect estimates

Mean Difference (m/s)

Gu 2024 mean difference − 0.16 m/s [−0.18, −0.15], p < .001; i2: 0%, pheterogeneity = .57

Kurata 2020 mean difference − 0.16 m/s [−0.18, −0.14], p < .001; i2: 0%, pheterogeneity = .61

Kurata 2022 mean difference − 0.17 m/s [−0.20, −0.15], p < .001; i2: 0%, pheterogeneity = .95

Ohguchi 2022 mean difference − 0.16 m/s [−0.18, −0.15], p < .001; i2: 0%, pheterogeneity = .57

Okubo 2023 mean difference − 0.16 m/s [−0.18, −0.14], p < .001; i2: 0%, pheterogeneity = .62

Qi 2024 mean difference − 0.16 m/s [−0.18, −0.14], p < .001; i2: 0%, pheterogeneity = .79

Sato 2022 mean difference − 0.16 m/s [−0.18, −0.15], p < .001; i2: 0%, pheterogeneity = .57

Adjusted OR

Kurata 2020 adjusted OR 2.23 [1.20, 4.14], p = .01; I2: 86%, pheterogeneity < .001

Kurata 2022 adjusted OR 3.15 [1.27, 7.81], p = .01; I2: 93%, pheterogeneity < .001

Ohguchi 2022 adjusted OR 3.09 [1.36, 6.99], p = .007; I2: 95%, pheterogeneity < .001

Okubo 2023 adjusted OR 4.72 [1.53, 14.54], p = .007; I2: 93%, pheterogeneity < .001

Qi 2024 adjusted OR 4.71 [1.49, 14.85], p = .008; I2: 94%, pheterogeneity < .001

Abbreviation: OR, odds ratio.
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specificity, positive/negative likelihood ratios, and diagnostic OR. 
Funnel-plot analysis qualitatively assessed small-study effects and 
publication bias. A leave-one-out sensitivity analysis was performed 
to test statistical robustness.

3  |  RESULTS

This systematic review and meta-analysis included seven studies, 
involving a sample size of 1428 patients (Figure 1).6–12 Among these 
studies, there are four prospective and three retrospective observa-
tional studies. The baseline characteristics of the included studies 
are detailed in Table 1. Two out of six studies performed additional 
ablation while the other four studies did not. By comparing studies 
with additional ablation beyond PVI and those who do not, additional 
ablation does not lower the rate of AF recurrence. Kurata (2022) re-
ported that among patients with low-voltage areas, 34% underwent 
low-voltage area ablation, 5% underwent anterior line ablation, 8% 
underwent roof line ablation, and 3% underwent bottom line abla-
tion. In Ohguchi (2022), additional ablation did not reduce the num-
ber of clinical recurrences. However, there was no indication that 
the additional ablation strategy was devised based on slow LACV in 
the anterior wall. Mean follow-up duration was 13 months.

3.1  |  Atrial fibrillation recurrence

Patients with AF recurrence has slower LACV in the anterior 
wall (mean difference − 0.16 m/s [−0.18, −0.15], p < .001; I2: 0%, 
pheterogeneity = .69) (Figure 2). Slow LACV in the anterior wall defined 
as LACV below 0.70–0.88 m/s was associated with increased AF 
(adjusted OR 3.41 [1.55, 7.50], p = .002; I2: 93%, pheterogeneity < .001) 
(Figure 3). Leave-one-out sensitivity analysis showed that patients 
with AF recurrence has slower LACV in the anterior wall for both 
mean difference and adjusted OR (Table 2). Slow LACV in the ante-
rior wall has an AUROC of 0.80 [0.76–0.83], sensitivity of 70% [52, 
84], specificity of 76% [67, 83], Positive Likelihood Ratio of 2.9 [2.3, 
3.6], Negative Likelihood Ratio of 0.39 [0.25, 0.63], Diagnostic OR of 
7 [4, 13] for predicting AF recurrence postablation (Figure 4).

3.2  |  Publication bias

Funnel-plot analysis showed symmetrical funnel plot for the mean 
difference (Figure 5A), but slightly asymmetrical funnel plot for ad-
justed odds ratio (Figure 5B). Egger's test showed no significant small 
study effects for the mean difference and adjusted OR (p > .05).

4  |  DISCUSSION

This meta-analysis found that patients with AF recurrence has 
slower LACV in the anterior wall and slow LACV (0.70–0.88 m/s) in 

the anterior wall was associated with increased AF with AUROC of 
0.80 sensitivity of 70%, and specificity of 76%. A cut-off of 0.80–
0.88 m/s for risk stratification is reasonable. Among the included 
studies, additional ablation beyond PVI does not lower the rate of 
AF recurrence in patients with slow LACV. Leave-one-out sensitivity 
analyses confirmed the robustness of analysis.

Understanding the cause-effect relationship of slow LACV with 
atrial fibrillation (AF) in a broader context is crucial. Tissue fibrosis 
occurs due to various insults, leading to intercellular gap junction 
remodeling and abnormal distribution, which results in altered con-
duction and atrial strain.13–16 Myocardial fibrosis promotes remod-
eling, which increases the resting membrane potential of myocytes, 
causing decreased conduction velocity and resulting in shortened 
action potential duration and refractory period. These conduction 
disturbances may contribute to the development of re-entrant 
circuits in AF. Hence, slow LACV may serve as an indicator of left 
atrial remodeling or fibrosis and is closely related to the develop-
ment and recurrence of AF.9 Changes in left atrial diameter and left 
atrial volume index are well-known indicators of atrial remodeling. 
However, these measures are limited in reflecting the extent of atrial 
substrate alteration due to atrial fibrosis.17–19 Low voltage areas and 
slow conduction velocities more accurately depict atrial fibrosis and 
interatrial conduction block, which are closely associated with con-
duction issues and an increased risk of AF recurrence.10,16 Ohguchi 
et al. demonstrate that anterior LACV was an independent predic-
tor of AF recurrence, but not posterior LACV model which was not 
significant in univariate analysis.8 Okubo et  al. also demonstrate 
that LACV in the anterior wall was independently associated with 
AF recurrence, but not posterior wall and left atrial appendage.9 It 
has been shown that the mean voltage was significantly lower in the 

F I G U R E  4  Area under the receiver operating characteristic 
(AUROC), sensitivity, and specificity for slow LACV in the anterior 
wall and AF recurrence. AF, atrial fibrillation; LACV, left atrial 
conduction velocity.
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anterior wall compared to the posterior wall in patients with AF and 
the conduction velocity of the anterior wall might be more sensitive 
to atrial tissue damage, thus making LACV of the anterior wall as 
the most important indicator among the other pathway.20–22 Thus, 
the current evidence suggested that slow LACV in the anterior wall 
to be the most important indicator, compared to LACV in the other 
region of left atrium.

Determining the association between slow LACV and AF re-
currence may pave the way for utilizing high-density mapping sys-
tems and noninvasive cardiac studies to detect slow conduction 
by identifying prolonged P-wave duration or regions of potential 
re-entry, such as left atrial heterogeneity through late gadolinium 
enhancement (LGE).23 This may improve the prognostication of 
AF recurrence post-PVI. Identifying LACV as an independent risk 
factor for recurrence enhances our understanding of the patho-
physiology of conduction disturbances in AF and encourages 

further studies to elucidate the benefits of post-PVI ablation and 
the development of new ablation strategies.

4.1  |  Clinical and research implications

While catheter ablation for paroxysmal AF yields satisfying out-
comes in terms of AF recurrence, persistent AF remains associated 
with high recurrence rates. Therefore, patients with persistent AF 
may require different ablation strategies. However, studies on ad-
ditional ablation techniques beyond PVI have generally shown 
disappointing results. This study demonstrates that slow LACV in 
the anterior wall can be used to stratify patients at risk for AF re-
currence. Additionally, slow LACV in the anterior wall can identify 
potentially relevant re-entry circuits, which may serve as ablation 
targets. Nevertheless, whether ablation strategies incorporating 

F I G U R E  5  Funnel-plot analysis (A) LACV in the anterior wall of patients with AF recurrence versus those without [continuous variable] 
(B) Slow LACV in the anterior wall and AF recurrence [adjusted odds ratio]. AF, atrial fibrillation; LAC, left atrial conduction velocity.

(A)

(B)
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substrate modification based on slow LACV in the anterior wall will 
lead to improved outcomes remains uncertain. Considering the cur-
rently available evidence, the authors suggest ablating areas with 
slow LACV in patients with recurrent AF. Future research is needed 
to address this evidence gap regarding additional ablation strategies 
based on slow LACV findings in the anterior wall.

4.2  |  Strength and limitations

The strength of this meta-analysis lies in its being the first study to 
pool data on ROC, sensitivity, and specificity, which individual stud-
ies cannot evaluate, thereby providing quantitative insights into their 
importance and reliability. Additionally, there is currently no meta-
analysis that aggregates data on the importance of LACV in the an-
terior wall. Therefore, this study serves as the first meta-analysis 
to highlight the significance of slow LACV in the anterior wall. The 
pooled evidence from this study also serves as a platform for further 
research on whether ablation strategies beyond PVI could improve 
outcomes for patients with slow left atrial conduction velocity.

A limitation of this meta-analysis is that the included studies 
used different cut-off points for slow LACV, although the values 
were generally close to each other. Finding studies with identical 
cut-off points is challenging unless an established standard exists. 
Kurata (2020) reported on patients from March 2017 to November 
2018 who did not undergo additional ablation, while Kurata (2022) 
included patients from August 2017 to August 2019, with and 
without additional ablation. Since these studies were conducted 
at the same institute, there might be an overlap in patient popu-
lations. Statistically a leave-one-out sensitivity analysis indicated 
that the statistically significant difference remained even after the 
removal of either study. Additionally, the small number of stud-
ies precluded meta-regression analysis of potential factors influ-
encing the findings. The current body of literature is insufficient 
to determine the best ablation strategies for patients with slow 
LACV in the anterior wall, necessitating further research.

5  |  CONCLUSION

Slow LACV in the anterior wall was associated with AF recurrence 
after catheter ablation.
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