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Relationship between anatomical
characteristics of pulmonary veins
and atrial fibrillation recurrence
after radiofrequency catheter
ablation: a systematic review and
meta-analysis

Dan Qi and Jianjun Zhang*

Department of Cardiology, Beijing Chaoyang Hospital, Capital Medical University, Beijing, China

Background: The aim of the current study was to investigate the potential
relationship between anatomical characteristics of pulmonary veins (PVs) and
atrial fibrillation recurrence (AFR) following radiofrequency catheter ablation
(RFCA), specifically focusing on PV diameter and cross-sectional orifices index
(CSOA). The analysis was based on a comprehensive review of currently
available literature, providing valuable insights for the prevention and treatment
of AFR.

Methods: Data was collected from five databases, including PubMed, MEDLINE,
EMBASE, and Cochrane, spanning the period from 2004 to October 2022. The
search strategy utilized Medical Subject Headings (MeSH) terms related to PV
diameter, PV size, PV anatomy, and AFR. Indicators of PV diameter and CSOA from
the included studies were collected and analyzed, with Weight mean difference
(WMD) and 95% confidence intervals (Cls) representing continuous variables.
Results: The meta-analysis included six studies. The results revealed that patients with
AFR had a significant larger mean PV diameter compared to those without AFR (MD
0.33; 95% Cl: 0.01, 0.66; P=0.04; I°=33.80%). In a meta-analysis of two studies
involving a total of 715 participants, we compared the diameters of the left
superior pulmonary vein (LSPV), left inferior pulmonary vein (LIPV), right superior
pulmonary vein (RSPV), right inferior pulmonary vein (RIPV) between patients with
AFR and patients without AFR. The results showed that there were no statistically
significant differences between the two groups in any of the four data items (all P
>0.05). Additionally, the pooled estimate revealed that LSPV-CSOA, LIPV-COSA,
RSPV-COSA, and RIPV-CSOA were greater in the AFR group compared to the
non-AFR group, but the differences were not statistically significant (all P> 0.05).
Conclusion: We found evidence supporting the notion that the PV diameter of
patients who experienced AFR after RFCA was significantly larger than that of
patients without AFR. The findings suggested that the PV diameter could serve as a
potential predictor of the risk of AFR following RFCA.
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Introduction

Atrial fibrillation (AF), is the most common type of arrhythmia,
and it significantly affects patients’ quality of life. Radiofrequency
catheter ablation (RFCA) has emerged as a standard treatment for
AF, with pulmonary vein isolation (PVI) being a crucial
component of AF-targeting procedure. Despite its widespread use,
the cure rate following the initial ablation treatment remains
relatively low, with approximately 70% of patients experiencing
recurrence in the short term and around half requiring multiple
surgeries during long-term follow-up (1). Therefore, there has
been considerable effort to predict the benefits of RFCA for
individual patients. Previous research has explored various
indicators, such as left atrial (LA) diameter, left atrial volume
index, and left atrial emptying fraction, to understand their
association with atrial fibrillation recurrence (AFR) following
RFCA (2-4). Additionally, investigations have focused on the
influence of indicators related to the size and anatomical
morphology of pulmonary veins (PVs) on AF recurrence after
RFCA, including PV diameter and cross-sectional orifices index
(CSOA), which can be measured through non-invasive methods
like computed tomography (CT). However, the conclusions from
retrospective studies regarding whether PV diameter can reliably
predict AF recurrence have been inconsistent (5-8).

Herein, our aim was to investigate the relationship between the
anatomical characteristics of PV and AFR following RFCA,
specifically examining PV diameter and CSOA. We conducted a
systematic review and meta-analysis to pool the results from
available literature, aiming to provide a theoretical basis for the
prevention and treatment of AFR.

Methods
Search strategies and data sources

We conducted a comprehensive search of relevant literature
from 2004 to October 2022. The databases used for the search
included PubMed, MEDLINE, EMBASE,
database. The Preferred Reporting Items for Systematic Reviews

and the Cochrane

and Meta-Analyses (PRISMA) criteria were applied to ensure the
systematic and transparent approach in conducting this meta-
analysis (9). The search strategy utilized Medical Subject Headings
(MeSH) terms, which included pulmonary vein: pulmonary vein
diameter, pulmonary vein size, left-superior pulmonary vein, left-
inferior pulmonary vein, right-superior pulmonary vein, right-
inferior pulmonary vein, cross-sectional orifices, and atrial
fibrillation recurrence. (Supplementary Table S1) Additionally, we
carefully examined the reference lists of the included publications
to identify any other relevant studies.

Inclusion and exclusion criteria

For this meta-analysis, we considered all studies that
investigated the relationship between preoperative anatomical
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characteristics of PV and AFR after RFCA in patients with AF.
Only the most recent data from the same study was included if it
was published in multiple journals, ensuring the accuracy and
consistency of the results.

The criteria for inclusion were as follows: (1) The study design
should be either prospective or retrospective. (2) Study
participants should be 18 years of age or older. (3) RFCA should
be based on PVIL (4) PV size should be assessed using CT. (5)
The studies should have a follow-up period longer than 6 months
after RFCA. (6) The studies should use univariate or multivariate
regression analysis to determine the probability of AFR following
RFCA based on per unit increase in PV size. (7) At each follow-
up appointment, ambulatory Holter monitoring should be
performed for 24h to detect symptomatic or asymptomatic
recurrences. (8) The articles should be written in English or Chinese.

The criteria for exclusion were as follows: (1) Studies that
lacked a control group were excluded. (2) Studies that compared
mean PV in patients with AFR after direct current cardioversion
or cryoballoon ablation were excluded. (3) Animal tests and
reviews were not considered. (4) Studies that only investigated
the connection between PV and AFR in protocol or abstract
form were not included.

Data extraction and assessment of study
quality

Two reviewers evenly extracted all relevant data components
from each included study. The extracted data included the first
author’s name, year of publication, sample size, mean value in
each group, standard deviation (SD) in each group, details of the
ablation process, type of AF (paroxysmal or persistent), detection
method, duration of follow-up, and recurrence detection. In case
of any disagreements between the reviewers, a joint reevaluation
of the original article was conducted.

Quality assessment

The quality of each study was independently assessed by two
reviewers using the Cochrane risk of bias tool, which evaluates
various aspects such as random sequence generation, allocation
concealment, blinding of participants and personnel, blinding of
data,
reporting, and other bias. To examine possible publication bias,

outcome assessment, incomplete outcome selective
funnel plots were generated, and formal statistical testing using

the Egger and Begger tests was performed.

Statistical analysis

Weight mean difference (WMD) and 95% confidence intervals
(CIs) were utilized to represent continuous variables. Heterogeneity
among the studies was assessed using the Q-statistical test and the
I? test, with a P value <0.10 or I”*>50% indicating considerable
heterogeneity. The I statistic quantified the percentage of
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variability in the trials that could be attributable to heterogeneity
rather than chance. Studies with I? statistic of 25%, 50%, 75%,
and 100% were categorized as having no, low, moderate, and
(10).  When
heterogeneity was identified, a random-effects model was used to

high heterogeneity, respectively significant
pool the data. Otherwise, a fixed-effects model was applied.
Sensitivity analysis was conducted by omitting individual studies
one by one to determine their impact on the overall results.
Publication bias was evaluated using funnel plots or the Egger
and Begger tests (11). A P value less than 0.05 was considered
statistically significant, unless otherwise specified. The data were

analyzed using Stata version 16.0.

Results
Study selection

Initially, our search yielded 596 relevant publications, and after
further review, 493 entries were considered for the next step.
the
examination of their titles and abstracts. The full-text content of

Subsequently, 453 entries were eliminated based on
40 publications was then thoroughly reviewed. Following the
application of the inclusion and exclusion criteria, 6 studies were

ultimately selected for the meta-analysis (Figure 1).

Study characteristics

Table 1 illustrated the baseline characteristics of the 6 included
studies (7, 12-16). These studies, published between 2011 and
2022, had a total sample size of 1,226 participants. The average
follow-up period in these investigations was 15.78 months.

For all included patients, electroanatomical imaging of the left
atrium and pulmonary veins was completed under the guidance of

596 records identified
through database search

103 duplicates and non
human trials

’

453 were deleted based on
the title/abstract review

[493 records screened

—

8 excluded for protocol,
15 excluded for review,

5 excluded for non human
studies,

6 excluded for does not
meet inclusion criteria

information [ |

[40 for full text

meta-analysis

6 included in the ’

FIGURE 1
Flowchart of the literature selection.
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a three-dimensional mapping system and ablation was performed
based on the electroanatomical imaging obtained. The ablation
energy was provided by a saline-irrigated ablation catheter, and
the ablation temperature was set to be lower than 43°C.
Circumferential pulmonary vein ablation was employed under
the guidance of the Carto system. The default power was set at
35-40 W.

All the studies utilized circumferential PVI alone. The
correlation values of PV anatomical features were measured
using CT in all the studies. Moreover, Holter monitoring was
employed in all the investigations to diagnose the recurrence of
asymptomatic AF.

Quality of studies

The majority of the studies were of high quality. The most
notable bias addressed was related to the selection of special
populations and other interventions. The Egger’s test indicated
that there was no publication bias.

Difference in preoperative PV diameter
between AFR and non-AFR patients after
RFCA

For this meta-analysis, three studies with a total of 558
participants were included to compare the difference in PV
diameter between AFR patients and those without AFR (7, 12, 13).
The pooled results demonstrated a significantly higher mean PV
diameter in the AFR group compared to the non-AFR group.
(MD: 0.33; 95% CI: 0.01, 0.66; P=0.04; I*=33.80%) (Figure 2).
Additionally, 2 studies, involving a total of 715 participants, were
included in the meta-analysis, which showed no statistically
significant differences in diameters of left-superior pulmonary vein
(LSPV),
pulmonary vein (RSPV) and right-inferior pulmonary vein (RIPV)
between AFR patients and non-AFR patients (LSPV-MD: 0.12;
95% CI: —0.26, 0.49; P=0.54; I°=41.81%) (LIPV-MD: 0.10; 95%
CL —0.10, 0.30; P=0.31; I?’=0%) (RSPV-MD: —0.03; 95% CIL:
—0.26, 0.19; P=0.78; I°=6.85%) (RIPV-MD: 0.01; 95% CI: —0.19,
0.20; P=0.95; I°=0%) (Figures 3-6) (12, 14). The funnel plot
indicated symmetry, suggesting no publication bias (Figure 7).
Furthermore, two studies provided the cut-off values of PV
diameter for predicting AFR. Lee et al. reported a cut-off of
25,5 mm (13), while Wei et al. reported the cut-offs of 16.1 mm
for LSPV, 14.0 mm for LIPV, 16.2 mm for RSPV, and 17.8 mm
for the RIPV (12).

left-inferior pulmonary vein (LIPV), right-superior

Difference in preoperative PV-CSOA
between AFR and non-AFR patients after
RFCA

For this meta-analysis, three studies with a total of 668
participants were included to compare the difference in PV-
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TABLE 1 Baseline characteristics of the six included studies.

10.3389/fcvm.2023.1235433

Writer Year | Sample Ablation AF Detection Follow-up Recurrence AFR
size procedure . method (months) detection number
Paroxysmal | Persistent
Dennis, W 2011 100 PVI 72 28 CT 11.6+28 24h-Holter 35
Alex J. A. McLellan | 2014 102 PVI 102 0 CT 12+4 7day-Holter 27
Wei wei 2014 267 PVI 210 57 CT 10 24h-Holter 44
Shimamoto, K 2018 118 PVI 73 CT 14 24h-Holter 23
45 19
Lee, W. C 2019 191 PVI 191 0 CT 12 24h-Holter 31
Szegedi, N. 2021 448 PVI 345 103 CT 24 24h-Holter 120
AFR, recurrence of atrial fibrillation; PVI, pulmonary vein isolation; CT, computed tomography.
AFR nAFR Hedges's g Weight

Study N Mean SD N Mean SD with 95% CI (%)

DennisW 35 188 22 65 186 22 —n— 0.09[ -0.32, 0.50] 37.96

Weiwei 12 164 15 68 156 25 ] 0.33[ -0.28, 0.94] 21.62

LeeW.C 31 28.13 585 161 2522 4.97 —l—— 0.57[ 0.18, 0.95] 40.42

Overall —~atli—— 0.33[ 0.01, 0.66]

Heterogeneity: 12 = 0.03, I? = 33.80%, H? = 1.51

Testof 8 =6;:Q(2) =2.75, p = 0.25

Testof 8 =0:z=2.04, p =0.04

0 5 1
0

Random-effects REML model

FIGURE 2

Forest plot of difference in PV diameter between AFR patients and non-AFR patients. PV, pulmonary vein; AFR, recurrence of atrial fibrillation.

Heterogeneity: T* = 0.04, I* = 41.81%, H* = 1.72
Testof 8, =0,:Q(1) =1.72, p=0.19
Testof 8=0:z2=0.61,p =054

Random-effects REML model

FIGURE 3

fibrillation.

AFR nAFR Hedges'sg  Weight
Study N Mean SD N Mean SD with 95% CI (%)
Wei wei 12 184 21 68 17.1 3.1 0.43[ -0.18, 1.04] 26.98
Szegedi,N. 120 182 29 328 182 3 0.00[ -0.21, 0.21] 73.02
Overall 0.12[ -0.26, 0.49]

Forest plot of difference in LSPV diameter between AFR patients and non-AFR patients. LSPV, left-superior pulmonary vein; AFR, recurrence of atrial

CSOA between AFR patients and non-AFR patients (14-16). PV-
CSOA was expressed as an index divided by the body surface
area for left superior (LSPV-CSOA), left inferior (LIPV-CSOA),
right superior (RSPV-CSOA), and right inferior (RIPV-CSOA).
The pooled estimate showed that these four indexed were greater
in the AFR group than in the non-AFR group, but the
differences were not statistically significant (LSPV-CSOA: 0.12;
95% CI: —0.08, 0.32; P=0.24; I>=14.88%) (LIPV-CSOA: 0.08;
95% CIL: —0.09, 0.25; P=0.34; I’=0%) (RSPV-CSOA: 0.10; 95%
CL: —0.37, 0.57; P=0.69; I*=80.95%) (RIPV-CSOA: 0.25; 95%

Frontiers in Cardiovascular Medicine

CL: —0.17, 0.66; P =0.24; I* = 75.43%) (Figures 8-11). A separate
sensitivity analysis conducted, where the
Shimamoto et al., which excluded patients based on RSPV and
RIPV, was excluded from the analysis. The results of this
sensitivity analysis did not alter the overall inference of the meta-
analysis (RSPV-MD: —0.09; CI: —0.27, 0.09; P =0.32; RIPV-MD:
0.01; CI: —0.17, 0.19; P=0.91). however, it was observed that the
heterogeneity among the studies was reduced (I”=0%) (Figures 12,
13). The funnel plot exhibited a symmetrical distribution of data
points, indicating no evidence of publication bias (Figure 14).

was study by
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AFR nAFR Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Wei wei 12 145 21 68 141 3.1 0.13[ -0.48, 0.74] 10.55
Szegedi,N. 120 158 34 328 155 29 —— 0.10[ -0.11, 0.31] 89.45
Overall -~ 0.10[ -0.10, 0.30]
Heterogeneity: T* = 0.00, I* = 0.00%, H* = 1.00
Testof 8, =6:Q(1) =0.01, p =0.92
Testof 8=0:z2=1.01,p=0.31
-5 0 5 1
0
Random-effects REML model
FIGURE 4
Forest plot of difference in LIPV diameter between AFR patients and non-AFR patients. LIPV, left-inferior pulmonary vein; AFR, recurrence of atrial
fibrillation.
AFR nAFR Mean Diff.
Study N Mean SD N Mean SD with 95% CI
Wei wei 12 182 28 68 17.2 3.9 l - 1.00[ -1.31, 3.31]
Szegedi, N. 120 195 3.8 328 198 3.9 -0.30[ -1.11, 0.51]
Overall -0.12[ -1.00, 0.76)
Heterogeneity: 1° = 0.06, I = 7.69%, H* = 1.08
Testof ©, = 6: Q(1) = 1.08, p = 0.30
Testof 8 =0:2=-0.26,p=0.79
-2 0 2 4
1
Random-effects REML model
FIGURE 5
Forest plot of difference in RSPV diameter between AFR patients and non-AFR patients. RSPV, right-superior pulmonary vein; AFR, recurrence of atrial
fibrillation.
Discussion However, despite its popularity, the success rate of RFCA for AF
varies significantly worldwide, and there is a certain risk of
In recent years, percutaneous RFCA, combined with  recurrence. This variability in outcomes could be linked to

medications, has witnessed rapid advancements in the treatment
of AF and has emerged as one of the most crucial therapeutic
options for managing AF. Among the various approaches, RECA
based on PVI remains the most common treatment for AF (17).

differences in operation methods, patient characteristics, and
evaluation criteria across different patient populations. Several
studies in recent years have explored various factors that may be
associated with AFR after RFCA, such as age, obesity, large left

Heterogeneity: T° = 0.00, F = 0.00%, H* = 1.00
Testof 8, =06 Q(1) =0.04, p=0.85
Testof 8 =0:2=0.06, p=0.95

Random-effects REML model

FIGURE 6

fibrillation.

AFR nAFR Mean Diff.
Study N Mean SD N Mean SD with 95% CI
Wei wei 12 157 38 68 155 3 1= 0.20[ -1.72, 2.12)
Szegedi, N. 120 169 29 328 169 3.1 0.00[ -0.64, 0.64)
Overall

Forest plot of difference in RIPV diameter between AFR patients and non-AFR patients. RIPV,

0.02[ -0.58, 0.62]

right-inferior pulmonary vein; AFR, recurrence of atrial
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common PV and have similar anatomical and histological
Funnel plot features. As a result, the characteristics and manifestations of PV
LR may play a significant role in indicating the occurrence and
recurrence of AF (24).

The association between PV architecture and AFR has been a
topic of debate. In this study, we conducted a unique meta-

analysis based on the most recent data to examine the relevance of

Standard error

. PV deformation in predicting AFR in well-defined populations
undergoing RFCA. To the best of our knowledge, this study was

. ) the first meta-analysis on this specific topic. The results of our

= 5 i u meta-analysis revealed that, AFR patients, after RFCA, had a

SedgeEs g significantly larger mean PV diameter compared to non-AFR

Pseudo 95% Cl @ Studies . . : :
Estimated 6, patients, and these measures may independently be associated with

significantly elevated risks of AF recurrence. Notably, our findings
implied that the mean difference in PV diameter between
individuals with and without AFR was relatively small, about 0.33.

Previous studies have reported on enlarged PV in patients with

FIGURE 7
Funnel plot showing the publication bias in PV diameter.

AF (25). However, the relationship between PV anatomy and the
atrial, organic heart disease, type of AF, and duration of AF, to  outcome of RFCA for AF remains largely unknown. Some
better evaluate the outcomes of RFCA for AF treatment (18-23).  studies showed that enlarged PV diameter was an independent
PV and the left atrium share common origins from the original  predictor of postoperative AFR (12). However, other studies with

AFR nAFR Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Alex.J.A 27 23 6 75 21 7 — 0.29[ -0.14, 0.73] 18.20
Shimamoto K 23 133 41 50 1.16 .48 & 0.37[ -0.13, 0.86] 14.83
ShimamotoK 19 114 4 26 111 38 ——®#—— 0.08[ -0.51, 0.66] 10.95
Szegedi, N. 120 2.657 .826 328 2.653 .811 —— 0.00[ -0.20, 0.21] 56.03
Overall . 0.12[ -0.08, 0.32]

Heterogeneity: 2 = 0.01, I* = 14.88%, H* = 1.17
Testof 8 =6;:Q(3) =2.68, p=0.44
Testof0=0:2=1.16,p=0.24

Random-effects REML model

FIGURE 8
Forest plot of difference in LSPV-CSOA between AFR and non-AFR patients. LSPV, left-superior pulmonary vein; CSOA, cross-sectional orifices index;
AFR, recurrence of atrial fibrillation.

AFR nAFR Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Alex.J.A 27 18 4 75 18 5 —————8————  0.00[ -0.44, 0.44] 14.86
ShimamotoK 23 .74 .19 50 .71 .23 & 0.14[ -0.35, 0.62] 11.84
ShimamotoK 19 .66 .12 26 .69 .31 -0.12[ -0.70, 0.46] 8.37
Szegedi, N. 120 2.053 1.011 328 1.95 .835 —— 0.12[ -0.09, 0.33] 64.92
Overall <> 0.08[ -0.09, 0.25)

Heterogeneity: 12 = 0.00, I? = 0.00%, H? = 1.00
Testof 8 =6;:Q(3) =0.74, p = 0.86
Testof 8 =0:2=0.95,p=0.34

Random-effects REML model

FIGURE 9
Forest plot of difference in LIPV-CSOA between AFR and non-AFR patients. LIPV, left-inferior pulmonary vein; CSOA, cross-sectional orifices index; AFR,
recurrence of atrial fibrillation.
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AFR nAFR Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Alex.J.A 27 29 7 75 3 23 —i— -0.05[ -0.49, 0.39] 25.11
Shimamoto, K 23 1.27 24 50 102 .31 —— 0.85([ 0.34, 1.36] 23.33
Shimamoto, K 19 .97 34 26 108 34 —W— -0.32[ -0.90, 0.27] 21.42
Szegedi,N. 120 3.088 1.179 328 3.18 1.31 E 3 -0.07[ -0.28, 0.14] 30.14
Overall —~<a— 0.10[ -0.37, 0.57]
Heterogeneity: 1% = 0.18, I* = 80.95%, H* = 5.25
Test of 8, = 8: Q(3) = 12.45, p = 0.01
Testof 8 =0:z=0.40, p =0.69

A 0 1 2

Random-effects REML model

FIGURE 10
Forest plot of difference in RSPV-CSOA between AFR and non-AFR patients. RSPV, right-superior pulmonary vein; CSOA, cross-sectional orifices index;
AFR, recurrence of atrial fibrillation.

AFR nAFR Hedges's g Weight
Study N Mean SD N Mean SD wiith 95% CI (%)
Alex.J.A 27 25 5 75 24 6 —W— 0.17[ -0.26, 0.61] 24.97
Shimamoto, K 23 1.13 3 50 .87 .27 ——l—— 092[ 041, 1.43] 2268
Shimamoto K 19 .95 25 26 .94 29 ——— 0.04[ -0.55, 0.62] 20.59
Szegedi, N. 120 2.304 1.744 328 2.339 .828 - -0.03[ -0.24, 0.18] 31.76
Overall e 0.25[ -0.17, 0.66]

Heterogeneity: T2 = 0.13, I = 75.43%, H? = 4.07
Testof 6, = 6;: Q(3) = 11.54, p = 0.01
Testof 6=0:2=1.18, p=0.24

Random-effects REML model

FIGURE 11
Forest plot of difference in RIPV-CSOA between AFR and non-AFR patients. RIPV, right-inferior pulmonary vein; CSOA, cross-sectional orifices index;
AFR, recurrence of atrial fibrillation.

relatively large sample sizes yielded inconsistent results regarding by the body surface area, showed differences between AFR and
the use of PV diameter as a predictor of AFR after RFA. Our  non-AFR patients, but the differences were not statistically
findings aligned with the majority of previous investigations,  significant. Nevertheless, a large PV size may still be associated
emphasizing the importance of incorporating these indicators  with a considerably higher risk of AF recurrence. In comparison
into routine clinical practice. The individual PV-CSOA, divided to other typical classical metrics such as LA diameter and LA

AFR nAFR Hedges's g Weight
Study N Mean SD N Mean SD with 95% CI (%)
Alex.J.A 27 29 7 75 3 23 -0.05[ -0.49, 0.39] 16.86
Shimamoto K 19 .97 34 26 108 .34 -0.32[ -0.90, 0.27] 9.40
Szegedi, N. 120 3.088 1.179 328 3.18 1.31 -0.07 [ -0.28, 0.14] 73.74
Overall -0.09[ -0.27, 0.09]

Heterogeneity: 2 = 0.00, I = 0.00%, H? = 1.00
Testof 6, =6, Q(2) =0.64, p=0.72
Testof 8 =0:z=-1.00, p =0.32

Random-effects REML model

FIGURE 12
Forest plot for the sensitivity analysis of the difference in RSPV-CSOA between AFR and non-AFR patients. The result was reliable. RSPV, right-suferior
pulmonary vein; CSOA, cross-sectional orifices index; AFR, recurrence of atrial fibrillation.
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Forest plot for the sensitivity analysis of the difference in RIPV-CSOA between AFR and non-AFR patients. The result was reliable. RIPV, right-inferior
pulmonary vein; CSOA, cross-sectional orifices index; AFR, recurrence of atrial fibrillation.
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volume index, our findings asserted that PV size provided a novel
strategy in predicting AFR.

Numerous studies have been conducted to investigate the
potential involvement and mechanisms of PV in the incidence,
AFR. However,
electrical activity of PVs from the left atrial is technically

development, and postoperative isolating
challenging due to their large PV size. The development of an
insufficient lesion can elevate the probability of LA-PV
reconnection, which constitutes the most prevalent cause of AFR
(26). Patients with larger PVs may require longer and larger
ablation lesions that include a portion of the PV ostium. This
makes it more challenging to generate a permanent, transmural,
and contiguous lesion, thereby increasing the risk of LA-PV
electrical reconnection and AFR (27). Furthermore, a large PV
exhibit
abnormalities, creating an aberrant substrate that is susceptible to

size  may histological ~and electrophysiological
AFR (28). The mechanism of postoperative AF recurrence is
complex, and additional studies are warranted to further explore
it. Cardiac fibrosis was found to be related to AFR in some
studies, and a reduction in LA strain was linked to pathological

changes in the LA wall tissue and the degree of fibrosis, as
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determined by advanced gadolinium-enhanced magnetic
resonance imaging (29). Besides fibrosis, other factors were
shown to contribute to the AFR after RFCA surgery, including
atrial fat infiltration, inflammatory infiltration, necrosis, and
amyloid deposition (30, 31). Earlier studies also observed delayed
damage recovery in late AFR following PVI (32).

Non-invasive methods, such as magnetic resonance imaging
(MRI) and multidetector computed tomography (MDCT), along
with procedures,
echocardiography (TEE) intracardiac  echocardiography
(ICE), have been applied to measure the size of the PVs (33-37).
Among these, MDCT and MRI are the most commonly utilized

invasive such as  transesophageal

and

imaging approaches to guide RFCA for AF. ICE is widely
employed in the transseptal technique and has demonstrated its
ability to reduce complications during AF surgeries, while
providing real-time measurements of PV-CSOA (38, 39).
Nakashima, T et al. indicated that ICE could be a viable
alternative imaging method for assessing PV-CSOA during
RFCA, and the index of LSPV-CSOA was found to be a useful
independent predictor of AF recurrence following RFCA (40).
The LSPV-CSOA cutoff value of 154 mm?/m® had a 50%
positive predictive value and an 89% negative predictive value for
AFR (40). The findings of our meta-analysis supported the
results of the abovementioned study. Different studies applied
various measurements for strain estimates, as revealed in our
systematic review. Subgroup analyses should be performed to
evaluate the impact of these different measures on AFR; however,
the data available were restricted. The factor of PV variant was
not included in the analysis in this study, and a previous study
showed that the atypical right middle pulmonary vein was not
associated with AFR (7).

Although this study represented the first meta-analysis
investigating the impact of anatomical characteristics of PV on
AFR after RFCA, it is essential to acknowledge the limitations in
our research. Firstly, the included studies primarily consisted of
single-center observational studies with small sample sizes,
lacking prospective RCTs, which could potentially introduce bias.
Secondly, we did not differentiate between patients with
paroxysmal AF and persistent AF, thereby reducing the
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generalizability of the conclusions. It is worth noting that patients
with persistent AF were more susceptible to AFR, and this
association may be independent of PV anatomy. Thirdly, the
limited number of collected independent variable indicators may
have affected the comprehensiveness of the regression analysis
results. As a result, we lacked sufficient data to ascertain whether
PV diameter could be regarded as an independent factor causing
AFR, irrespective of variables such as LA diameter and PV

reconnections.

Conclusion

We demonstrated that the PV diameter in patients with AFR
after RFCA was significantly larger compared to patients without
AFR. This findings suggested that PV diameter could serve as a
potential predictor of the risk of AFR following RFCA.

Data availability statement

The original contributions presented in the study are included
in the article/Supplementary Material, further inquiries can be
directed to the corresponding author.

Author contributions

DQ and JZ have made substantial contributions to conception
and design of the study, written the manuscript; DQ and JZ

References

1. Ouyang F, Tilz R, Chun J, Schmidt B, Wissner E, Zerm T, et al. Long-term results
of catheter ablation in paroxysmal atrial fibrillation: lessons from a 5-year follow-up.
Circulation. (2010) 122(23):2368-77. doi: 10.1161/CIRCULATIONAHA.110.946806

2. Baek YS, Choi JI. A trial substrate underlies the recurrence after catheter ablation
in patients with atrial fibrillation. J Clin Med. (2020) 9(10):112-20. doi: 10.3390/
jem9103164

3. Soga F, Tanaka H. Combined assessment of left atrial volume parameters for
predicting recurrence of atrial fibrillation following pulmonary vein isolation in
patients with paroxysmal atrial fibrillation. Echocardiography. (2019) 36(5):862-9.
doi: 10.1111/echo.14315

4. Habibi M, Lima J, Gucuk Ipek E, Spragg D. Short- and long-term associations of
atrial fibrillation catheter ablation with left atrial structure and function: a cardiac
magnetic resonance study. ] Cardiovasc Electrophysiol. (2021) 32(2):316-24. doi: 10.
1111/jce.14842

5. Xu B, Xing Y, Xu C, Peng F, Sun Y, Wang S, et al. A left common pulmonary
vein: anatomical variant predicting good outcomes of repeat catheter ablation for
atrial fibrillation. J Cardiovasc Electrophysiol. (2019) 30(5):717-26. doi: 10.1111/
jce.13876

6. Kiuchi K, Yoshida A, Takei A, Fukuzawa K, Itoh M, Imamura K, et al.
Topographic variability of the left atrium and pulmonary veins assessed by 3D-CT
predicts the recurrence of atrial fibrillation after catheter ablation. J Arrhythm.
(2015) 31(5):286-92. doi: 10.1016/j.joa.2015.03.006

7. Den Uijl DW, Tops LF, Delgado V, Schuijf JD, Kroft L], De Roos A, et al. Effect of
pulmonary vein anatomy and left atrial dimensions on outcome of circumferential
radiofrequency catheter ablation for atrial fibrillation. Am J Cardiol. (2011) 107
(2):243-9. doi: 10.1016/j.amjcard.2010.08.069

8. Hauser TH, Essebag V, Baldessin F, Mcclennen S, Yeon SB, Manning WJ, et al.
Prognostic value of pulmonary vein size in prediction of atrial fibrillation recurrence

Frontiers in Cardiovascular Medicine

10.3389/fcvm.2023.1235433

searched literature, extracted data from the collected literature
and analyzed the data, revised the manuscript; All authors
contributed to the article and approved the submitted version.

Conflict of interest

The authors declare that the research was conducted
in the
relationships that could be construed as a potential conflict

absence of any commercial or financial

of interest.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
those of the publisher, the
Any product that may be

affiliated organizations, or
and the
evaluated in this article, or claim that may be made by

editors reviewers.

its manufacturer, is not guaranteed or endorsed by the
publisher.

Supplementary material

The Supplementary Material for this article can be found
online at: https://www.frontiersin.org/articles/10.3389/fcvm.2023.
1235433 /full#supplementary-material

after pulmonary vein isolation: a cardiovascular magnetic resonance study.
J Cardiovasc Magn Reson. (2015) 17(1):49. doi: 10.1186/s12968-015-0151-z

9. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for
systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. (2009) 6
(7):97-104. doi: 10.1371/journal.pmed.1000097

10. Higgins JP, Thompson SG, Deeks JJ, Altman DG. Measuring inconsistency in
meta-analyses. Br Med J. (2003) 327(7414):557-60. doi: 10.1136/bmj.327.7414.557

11. Egger M, Davey Smith G, Schneider M, Minder C. Bias in meta-analysis detected
by a simple, graphical test. Br Med J. (1997) 315(7109):629-34. doi: 10.1136/bmj.315.
7109.629

12. Wei W, Ge JB, Zou Y, Lin L, Cai Y, Liu XB, et al. Anatomical characteristics of
pulmonary veins for the prediction of postoperative recurrence after radiofrequency
catheter ablation of atrial fibrillation. PLoS One. (2014) 9(4):817-21. doi: 10.1371/
journal.pone.0093817

13. Lee WC, Lee YW, Fang HY, Chen HC, Chen YL, Tsai TH, et al. Common
pulmonary vein on the recurrence of atrial tachyarrhythmia after pulmonary vein
isolation. Pacing Clin Electrophysiol. (2019) 42(7):882-9. doi: 10.1111/pace.13712

14. Szegedi N, Vecsey-Nagy M, Simon J, Szilveszter B, Herczeg S, Kolossvary M,
et al. Orientation of the right superior pulmonary vein affects outcome after
pulmonary vein isolation. Eur Heart ] Cardiovasc Imaging. (2021) 23(4):515-23.
doi: 10.1093/ehjci/jeab041

15. Mclellan AJ, Ling LH, Ruggiero D, Wong MC, Walters TE, Nisbet A, et al.
Pulmonary vein isolation: the impact of pulmonary venous anatomy on long-term
outcome of catheter ablation for paroxysmal atrial fibrillation. Heart Rhythm.
(2014) 11(4):549-56. doi: 10.1016/j.hrthm.2013.12.025

16. Shimamoto K, Miura F, Shimatani Y, Nishioka K, Inoue I. Pulmonary vein
volume predicts the outcome of radiofrequency catheter ablation of paroxysmal
atrial fibrillation. PLoS One. (2018) 13(7):1037-44. doi: 10.1371/journal.pone.0201199

frontiersin.org


https://www.frontiersin.org/articles/10.3389/fcvm.2023.1235433/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fcvm.2023.1235433/full#supplementary-material
https://doi.org/10.1161/CIRCULATIONAHA.110.946806
https://doi.org/10.3390/jcm9103164
https://doi.org/10.3390/jcm9103164
https://doi.org/10.1111/echo.14315
https://doi.org/10.1111/jce.14842
https://doi.org/10.1111/jce.14842
https://doi.org/10.1111/jce.13876
https://doi.org/10.1111/jce.13876
https://doi.org/10.1016/j.joa.2015.03.006
https://doi.org/10.1016/j.amjcard.2010.08.069
https://doi.org/10.1186/s12968-015-0151-z
https://doi.org/10.1371/journal.pmed.1000097
https://doi.org/10.1136/bmj.327.7414.557
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1136/bmj.315.7109.629
https://doi.org/10.1371/journal.pone.0093817
https://doi.org/10.1371/journal.pone.0093817
https://doi.org/10.1111/pace.13712
https://doi.org/10.1093/ehjci/jeab041
https://doi.org/10.1016/j.hrthm.2013.12.025
https://doi.org/10.1371/journal.pone.0201199
https://doi.org/10.3389/fcvm.2023.1235433
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

Qi and Zhang

17. Estes NA 3rd, Halperin JL, Calkins H, Ezekowitz MD, Gitman P, Go AS, et al.
ACC/AHA/physician consortium 2008 clinical performance measures for adults with
nonvalvular atrial fibrillation or atrial flutter: a report of the American college of
cardiology/American heart association task force on performance measures and the
physician consortium for performance improvement (writing committee to develop
clinical performance measures for atrial fibrillation): developed in collaboration with
the heart rhythm society. Circulation. (2008) 117(8):1101-20. doi: 10.1161/
CIRCULATIONAHA.107.187192

18. Nedios S, Tang M, Roser M, Solowjowa N, Gerds-Li JH, Fleck E, et al.
Characteristic changes of volume and three-dimensional structure of the left atrium
in different forms of atrial fibrillation: predictive value after ablative treatment.
J Interv Card Electrophysiol. (2011) 32(2):87-94. doi: 10.1007/s10840-011-9591-z

19. Berruezo A, Tamborero D, Mont L, Benito B, Tolosana JM, Sitges M, et al. Pre-
procedural predictors of atrial fibrillation recurrence after circumferential pulmonary
vein ablation. Eur Heart J. (2007) 28(7):836-41. doi: 10.1093/eurheartj/ehm027

20. Laroche C, Riahi S, Bertini M, Mikhaylov EN, Galvin J, Kiliszek M, et al. Impact
of abdominal obesity on outcomes of catheter ablation in Korean patients with atrial
fibrillation. Heart. (2021) 75(10):96-106. doi: 10.1111/ijcp.14696

21. Guo F, Li C, Yang L, Chen C, Chen Y, Ni J, et al. Impact of left atrial geometric
remodeling on late atrial fibrillation recurrence after catheter ablation. J Cardiovasc
Med (Hagerstown). (2021) 22(12):909-16. doi: 10.2459/JCM.0000000000001255

22. Zhao XX, Li KL, Wang RX. Comparisons of efficacy, safety, and recurrence risk
factors of paroxysmal and persistent atrial fibrillation catheter ablation using robotic
magnetic navigation system. Clin Cardiol. (2019) 42(4):418-24. doi: 10.1002/clc.23156

23. Yu HT, Kim IS, Kim TH, Uhm JS. Persistent atrial fibrillation over 3 years is
associated with higher recurrence after catheter ablation. J Cardiovasc Electrophysiol.
(2020) 31(2):457-64. doi: 10.1111/jce.14345

24. Cheniti G, Vlachos K, Pambrun T, Hooks D, Frontera A, Takigawa M, et al.
Atrial fibrillation mechanisms and implications for catheter ablation. Front Physiol.
(2018) 9(9):1458-67. doi: 10.3389/fphys.2018.01458

25. Tsao HM, Yu WC, Cheng HC, Wu MH, Tai CT, Lin WS, et al. Pulmonary vein
dilation in patients with atrial fibrillation: detection by magnetic resonance imaging.
] Cardiovasc Electrophysiol. (2001) 12(7):809-13. doi: 10.1046/j.1540-8167.2001.00809.x

26. Ouyang F, Antz M, Ernst S, Hachiya H, Mavrakis H, Deger FT, et al. Recovered
pulmonary vein conduction as a dominant factor for recurrent atrial tachyarrhythmias
after complete circular isolation of the pulmonary veins: lessons from double lasso
technique. Circulation. (2005) 111(2):127-35. doi: 10.1161/01.CIR.0000151289.73085.36

27. Abecasis ], Dourado R, Ferreira A, Saraiva C, Cavaco D, Santos KR, et al. Left
atrial volume calculated by multi-detector computed tomography may predict
successful pulmonary vein isolation in catheter ablation of atrial fibrillation.
Europace. (2009) 11(10):1289-94. doi: 10.1093/europace/eup198

28. Komatsu Y, Sekiguchi Y, Nogami A, Ieda M, Aonuma K, Hof I, et al. Does left
atrial volume and pulmonary venous anatomy predict the outcome of catheter
ablation of atrial fibrillation? J Cardiovasc Electrophysiol. (2009) 20(9):1005-10.
doi: 10.1111/j.1540-8167.2009.01504.x

29. Calkins H, Hindricks G, Cappato R, Kim YH, Saad EB, Aguinaga L, et al. 2017
HRS/EHRA/ECAS/APHRS/SOLAECE Expert consensus statement on catheter and

Frontiers in Cardiovascular Medicine

10

10.3389/fcvm.2023.1235433

surgical ablation of atrial fibrillation: executive summary. Europace. (2018) 20
(1):157-208. doi: 10.1093/europace/eux275

30. Von Kemp B, Ramak R, Sieira J, De Asmundis C, Chierchia GB, Magne J, et al.
Is there an association between epicardial adipose tissue and outcomes after
paroxysmal atrial fibrillation catheter ablation? PLoS One. (2021) 10(14):3037-45.
doi: 10.3390/jcm10143037

31. Yano M, Egami Y, Ukita K, Kawamura A, Nakamura H, Matsuhiro Y,
et al. Atrial fibrillation type modulates the clinical predictive value of
neutrophil-to-lymphocyte ratio for atrial fibrillation recurrence after catheter
ablation. Int J Cardiol Heart Vasc. (2020) 31(4):664-70. doi: 10.1016/j.ijcha.
2020.100664

32. Kowalski M, Grimes MM, Perez FJ, Kenigsberg DN, Koneru J, Kasirajan V, et al.
Histopathologic characterization of chronic radiofrequency ablation lesions for
pulmonary vein isolation. ] Am Coll Cardiol. (2012) 59(10):930-8. doi: 10.1016/j.
jacc.2011.09.076

33. Scharf C, Sneider M, Case I, Chugh A, Lai SW, Pelosi F Jr., et al. Anatomy of the
pulmonary veins in patients with atrial fibrillation and effects of segmental ostial
ablation analyzed by computed tomography. J Cardiovasc Electrophysiol. (2003) 14
(2):150-5. doi: 10.1046/j.1540-8167.2003.02444.x

34. Kato R, Lickfett L, Meininger G, Dickfeld T, Wu R, Juang G, et al. Pulmonary
vein anatomy in patients undergoing catheter ablation of atrial fibrillation: lessons
learned by use of magnetic resonance imaging. Circulation. (2003) 107(15):2004-10.
doi: 10.1161/01.CIR.0000061951.81767.4E

35. Mansour M, Holmvang G, Sosnovik D, Migrino R, Abbara S, Ruskin J, et al.
Assessment of pulmonary vein anatomic variability by magnetic resonance imaging:
implications for catheter ablation techniques for atrial fibrillation. J Cardiovasc
Electrophysiol. (2004) 15(4):387-93. doi: 10.1046/j.1540-8167.2004.03515.x

36. Mangrum JM, Mounsey JP, Kok LC, Dimarco JP, Haines DE. Intracardiac
echocardiography-guided, anatomically based radiofrequency ablation of focal atrial
fibrillation originating from pulmonary veins. ] Am Coll Cardiol. (2002) 39
(12):1964-72. doi: 10.1016/S0735-1097(02)01893-4

37. Kinnaird TD, Uzun O, Munt BI, Thompson CR, Yeung-Lai-Wah JA.
Transesophageal echocardiography to guide pulmonary vein mapping and ablation
for atrial fibrillation. ] Am Soc Echocardiogr. (2004) 17(7):769-74. doi: 10.1016/j.
ech0.2004.03.034

38. Lin D, Callans DJ. Use of intracardiac echocardiography during atrial fibrillation
ablation to avoid complications. Future Cardiol. (2015) 11(6):683-7. doi: 10.2217/fca.
15.64

39. Yamamoto T, Yamada T, Yoshida Y, Inden Y, Tsuboi N, Suzuki H, et al.
Comparison of the change in the dimension of the pulmonary vein ostia
immediately after pulmonary vein isolation for atrial fibrillation-open irrigated-tip
catheters versus non-irrigated conventional 4 mm-tip catheters. J Interv Card
Electrophysiol. (2014) 41(1):83-90. doi: 10.1007/s10840-014-9919-6

40. Nakashima T, Kawasaki M, Toyoshi H, Takasugi N, Kubota T, Kanamori H,
et al. Impact of the pulmonary vein orifice area assessed using intracardiac
echocardiography on the outcome of radiofrequency catheter ablation for atrial
fibrillation. J Interv Card Electrophysiol. (2018) 51(2):133-42. doi: 10.1007/s10840-
018-0324-4

frontiersin.org


https://doi.org/10.1161/CIRCULATIONAHA.107.187192
https://doi.org/10.1161/CIRCULATIONAHA.107.187192
https://doi.org/10.1007/s10840-011-9591-z
https://doi.org/10.1093/eurheartj/ehm027
https://doi.org/10.1111/ijcp.14696
https://doi.org/10.2459/JCM.0000000000001255
https://doi.org/10.1002/clc.23156
https://doi.org/10.1111/jce.14345
https://doi.org/10.3389/fphys.2018.01458
https://doi.org/10.1046/j.1540-8167.2001.00809.x
https://doi.org/10.1161/01.CIR.0000151289.73085.36
https://doi.org/10.1093/europace/eup198
https://doi.org/10.1111/j.1540-8167.2009.01504.x
https://doi.org/10.1093/europace/eux275
https://doi.org/10.3390/jcm10143037
https://doi.org/10.1016/j.ijcha.2020.100664
https://doi.org/10.1016/j.ijcha.2020.100664
https://doi.org/10.1016/j.jacc.2011.09.076
https://doi.org/10.1016/j.jacc.2011.09.076
https://doi.org/10.1046/j.1540-8167.2003.02444.x
https://doi.org/10.1161/01.CIR.0000061951.81767.4E
https://doi.org/10.1046/j.1540-8167.2004.03515.x
https://doi.org/10.1016/S0735-1097(02)01893-4
https://doi.org/10.1016/j.echo.2004.03.034
https://doi.org/10.1016/j.echo.2004.03.034
https://doi.org/10.2217/fca.15.64
https://doi.org/10.2217/fca.15.64
https://doi.org/10.1007/s10840-014-9919-6
https://doi.org/10.1007/s10840-018-0324-4
https://doi.org/10.1007/s10840-018-0324-4
https://doi.org/10.3389/fcvm.2023.1235433
https://www.frontiersin.org/journals/cardiovascular-medicine
https://www.frontiersin.org/

	Relationship between anatomical characteristics of pulmonary veins and atrial fibrillation recurrence after radiofrequency catheter ablation: a systematic review and meta-analysis
	Introduction
	Methods
	Search strategies and data sources
	Inclusion and exclusion criteria
	Data extraction and assessment of study quality
	Quality assessment
	Statistical analysis

	Results
	Study selection
	Study characteristics
	Quality of studies
	Difference in preoperative PV diameter between AFR and non-AFR patients after RFCA
	Difference in preoperative PV-CSOA between AFR and non-AFR patients after RFCA

	Discussion
	Conclusion
	Data availability statement
	Author contributions
	Conflict of interest
	Publisher's note
	Supplementary material
	References


