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Abstract
Introduction: A prolonged P‐wave duration (PWD) in sinus rhythm pre‐ablation has 
been hypothesized to be a non‐invasive ECG marker associated with increased atrial 
fibrillation (AF) recurrence after pulmonary vein isolation (PVI). This systematic re‐
view and meta‐analysis will assess the latest evidence on the association of prolonged 
PWD pre‐ablation with AF recurrence after PVI.
Hypothesis: Prolonged PWD pre‐ablation is associated with AF recurrence after PVI.
Methods: The inclusion criteria for this study are all cohort studies that assess pro‐
longed PWD on ECG during sinus rhythm pre‐ablation and its association with AF 
recurrence in post‐PVI patients.
Results: There were 1,482 patients with AF post‐PVI from twelve cohort studies. The 
cut‐off points for prolonged PWD ranges from >120 ms to >150 ms. Meta‐analysis 
on six studies showed a pooled mean difference of PWD in subjects with recurrent 
AF and non‐recurring AF was 12.54 ms [8.76–16.31], p < 0.001; I2 78%. Pooled odds 
ratio was 4.17 [2.10–8.31], p < 0.001; I2 72% and pooled hazard ratio was 1.93 [1.10–
3.39], p = 0.02; I2 80%. Upon subgroup analysis, the association between prolonged 
PWD and AF recurrence was significant in signal‐averaged ECG, 12‐lead ECG, parox‐
ysmal AF, >120–130 ms, and >140–150 ms PWD cut‐off point subgroups. 
Conclusion: These findings suggest that prolonged PWD with a cutoff of >120 ms to 
>150 ms in sinus rhythm before ablation may be associated with AF recurrence after 
PVI regardless of age, gender, left atrial size, and the presence of structural heart 
disease. We also encouraged further studies that investigate predicting models to 
include prolonged PWD as one of their parameters.
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1  | INTRODUC TION

Pulmonary vein isolation (PVI) has become the forefront treatment 
of atrial fibrillation (AF) with an impressive yet imperfect success rate 
(60%–80%) (Calkins et al., 2007, 2012). Unfortunately, the AF recurs 
in 30%–40% of the patients (Williams‐Andrews et al., 2009; Sato et 

al., 2010; Calkins et al., 2017). Recurrences occurred even in those 
with full isolation of the pulmonary vein (PV). Hence, re‐conduc‐
tion is not the only possible cause (Callans et al., 2004; Gerstenfeld, 
Callans, Dixit, Zado, & Marchlinski, 2003). These causes include 
extra PV foci, atrial substrate remodeling leading to conduction 
delays (Van Beeumen, Houben, Tavernier, Ketels, & Duytschaever, 
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2010; Callans et al., 2004; Gerstenfeld et al., 2003; Ogawa et al., 
2007; Redfearn et al., 2007).

There is no established tool to predict the AF recurrence after 
PVI. The atrial substrate remodeling resulted in conduction delay 
and an enlarged atrium which might be reflected by prolonged P‐
wave duration (PWD) on the electrocardiogram (ECG) (Caldwell et 
al., 2013; Weber et al., 2018; Mugnai et al., 2016; Salah, Zhou, Liu, 
& Yan, 2013). A PWD in sinus rhythm pre‐ablation has been hypoth‐
esized to be a non‐invasive ECG marker associated with increased 
AF recurrence after PVI (Caldwell et al., 2013; Weber et al., 2018; 
Mugnai et al., 2016; Salah et al., 2013; Wu et al., 2016).

If proven to be useful, PWD can be a simple and efficient tool 
which will nevertheless be used to evaluate these patients. P‐wave 
duration measurement performed before ablation may give prog‐
nostic value and enables a more tailored approach. This systematic 
review and meta‐analysis will assess the latest evidence on the asso‐
ciation of prolonged PWD pre‐ablation with AF recurrence after PVI 
from studies published until November 2018.

2  | METHODS

2.1 | Search strategy

We performed a comprehensive search on cohort studies that as‐
sess the association between prolonged PWD with the recurrence 
of AF in post‐PVI patients from inception up until November 2018. 
We searched [Prolonged p sinus wave atrial fibrillation pulmo‐
nary vein isolation recurrence] and its synonyms using PubMed, 
EuropePMC, EBSCOhost, Cochrane Central Database, ClinicalTrials.
gov, and snowballing from potential articles cited by other studies. 
The records were then systematically evaluated using inclusion and 
exclusion criteria. Two researchers (E. Y and R. V) independently 
performed an initial search, discrepancies were resolved by discus‐
sion. A Preferred Reporting Items for Systematic Reviews and Meta‐
Analyses flow chart of the literature search strategy of studies was 
presented in Figure 1.

2.2 | Selection criteria

The inclusion criteria for this study are all cohort studies that assess 
prolonged PWD on ECG during sinus rhythm pre‐ablation and its 
association with AF recurrence in post‐PVI patients. Cross‐sectional 
and case–control studies were excluded, as of those studies with 
insufficient data to assess the outcome of interest. The outcome 
measured was AF recurrence after PVI. We include all clinical re‐
searches/original articles and exclude case reports, review articles, 
and non‐English language articles.

2.3 | Data extraction

Data extraction and risk of bias assessment were done by two inde‐
pendent authors (R. P and E. Y) using standardized extraction form 
which includes authors, year of publication, study design, sample 

size, type of AF, methods of measurement for P‐wave duration, P‐
wave duration pre‐ablation and post‐ablation, cutoff for prolonged 
PWD, AF recurrence, and follow‐up length.

2.4 | Statistical analysis

To perform the meta‐analysis, we used RevMan version 5.3 software 
(Cochrane Collaboration). We used the odds ratio (OR) and a 95% 
CI as a pooled measure for dichotomous data. We used mean dif‐
ference (MD) and its standard deviation (SD) as a pooled measure 
for the continuous data. Inconsistency index (I2) test which ranges 
from 0% to 100% was used to assess heterogeneity across stud‐
ies. A value above 50% or p < 0.05 indicates statistically significant 
heterogeneity. We used the Mantel–Haenzsel method (for OR), and 
the Inverse Variance method (for MD) with a fixed‐effect model for 
meta‐analysis and a random‐effect model was used in case of het‐
erogeneity. All p values were two‐tailed with a statistical significance 
set at 0.05 or below.

3  | RESULTS

The search for studies that assess the association between prolonged 
PWD and recurrence of AF in post‐PVI patients yielded a total of po‐
tential 515 articles. We removed 173 duplicates. We excluded 323 
articles after screening the titles and abstracts. There were 19 poten‐
tially relevant articles (Figure 1). We screened the full‐text articles, and 
after applying the inclusion criteria and exclusion criteria, seven stud‐
ies had insufficient data regarding PWD and outcome of interest. We 
included twelve studies for qualitative synthesis, and twelve studies 
were available for meta‐analysis. There were 1,482 patients with AF 
post‐PVI from twelve cohort studies (Blanche, Tran, Rigamonti, Burri, 
& Zimmermann, 2013; Caldwell et al., 2013; Hagiwara et al., 2019; 
Weber et al., 2018; Knecht et al., 2018; Masuda et al., 2013; Mugnai 
et al., 2016; Nakatani et al., 2016; Ogawa et al., 2007; Okumura et al., 
2007; Salah et al., 2013; Wu et al., 2016; Table 1). The subjects had ei‐
ther persistent or paroxysmal AF, and standard 12‐lead ECG measured 
the PWD in seven studies and signal‐averaged ECG in four studies. The 
cutoff for prolonged PWD ranges from >120 ms to >150 ms. The fol‐
low‐up ranges from the mean of 4 months to 32 months.

3.1 | AF recurrence and mean difference of P‐wave 
duration pre‐ablation

Ten studies reported a statistically significant difference between the 
mean PWD of subjects with recurrent AF and those without (Blanche 
et al., 2013; Caldwell et al., 2013; Hagiwara et al., 2019; Mugnai et 
al., 2016; Nakatani et al., 2016; Ogawa et al., 2007; Okumura et al., 
2007; Salah et al., 2013; Wu et al., 2016). Pooled mean difference of 
P‐wave duration in subjects with recurrent AF and non‐recurring AF 
was 12.54 ms [8.76–16.31]; p < 0.001 and high heterogeneity I2 78%, 
p < 0.001 (Figure 2). On sensitivity analysis, no removal of single study 
resulted in a marked decrease in heterogeneity.
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F I G U R E  1  Study flow diagram
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3.2 | AF recurrence and mean difference of P‐wave 
duration post‐ablation

Three studies reported a significantly longer PWD post‐ablation in 
those experiencing AF recurrence with a pooled mean difference of 
16.54 ms [10.29–22.78], p < 0.001; moderate–high heterogeneity I2 
58%, p = 0.09 (Nakatani et al., 2016; Ogawa et al., 2007; Okumura 
et al., 2007). Removal of Nakatani et al. study reduces heterogene‐
ity to I2 0%, mean difference 19.77 ms [14.48–25.06], p < 0.001. 
Most likely due to Nakatani et al. had a different sample size in the 
measurement of the pre‐ablation (n = 74) and post‐ablation (n = 126) 
PWD.

3.3 | Prolonged P‐wave duration and AF recurrence

Studies by Caldwell et al., Jadidi et al., Masuda et al., and Mugnai 
et al. reported that a prolonged PWD has a promising OR ranging 
from 2.41 to 5.97 in predicting the recurrence of AF in post‐PVI 
patients (Caldwell et al., 2013; Weber et al., 2018; Mugnai et al., 
2016). Four studies reported sensitivity of 60%–93%, specificity of 
53%–90%, positive predictive value (PPV) of 36%–72%, negative 

predictive value (NPV) of 76%–96%, and area under curve (AUC) of 
0.695–0.858 (Blanche et al., 2013; Weber et al., 2018; Mugnai et 
al., 2016; Nakatani et al., 2016; Okumura et al., 2007; Salah et al., 
2013; Wu et al., 2016). Quantitative synthesis was done by includ‐
ing five studies with pooled OR of 5.07 [3.43–7.49]; p < 0.001 and 
low–moderate heterogeneity I2 45%, p = 0.12 (Figure 3a; Caldwell 
et al., 2013; Weber et al., 2018; Masuda et al., 2013; Mugnai et 
al., 2016; Okumura et al., 2007). Upon sensitivity analysis by re‐
moving one study at a time, Okumura et al. study were found to 
be the cause of heterogeneity; after removing their study, OR 
became 4.51 [3.01–6.75]; p < 0.001 and low heterogeneity I2 4%, 
p = 0.37(Figure 3b). When we add a study using different cri‐
teria (PWD and biphasic morphology), pooled OR became 4.17 
[2.10–8.31]; p < 0.001 and moderate–high heterogeneity I2 72%, 
p = 0.004 (Figure 3c; Caldwell et al., 2013; Weber et al., 2018; 
Masuda et al., 2013; Mugnai et al., 2016; Okumura et al., 2007; Wu 
et al., 2016). Unfortunately, there is not enough data to obtain OR 
for the five remaining studies (Blanche et al., 2013; Hagiwara et al., 
2019; Nakatani et al., 2016; Ogawa et al., 2007; Salah et al., 2013).

Wu et al. reported a hazard ratio (HR) of 2.11, Knecht et al. HR 
of 2.612, Jadidi et al. HR of 1.91, Higuchi et al. an adjusted HR of 

F I G U R E  2  Forest plot and funnel plot pooled analysis of mean difference of P‐wave duration between recurrent and non‐recurring AF. 
Pooled analysis showed a longer P‐wave duration in recurrent AF compared to non‐recurring AF (a). Subgroup analysis of 12‐lead ECG only 
group (b) showed a high heterogeneity, meanwhile SAECG only group had low heterogeneity (c); both showed a longer P‐wave duration in 
recurrent AF group. AF: atrial fibrillation; ECG: electrocardiogram; SAECG: signal averaged electrocardiogram
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2.23, and Okumura et al. HR of 10.3 (Hagiwara et al., 2019; Weber 
et al., 2018; Knecht et al., 2018; Mugnai et al., 2016; Okumura et al., 
2007). Pooled HR from five studies was 1.93 [1.10–3.39]; p = 0.02 
and high heterogeneity I2 80%, p < 0.001 (Figure 4a; Hagiwara et 
al., 2019; Weber et al., 2018; Knecht et al., 2018; Mugnai et al., 
2016; Okumura et al., 2007). All studies included in the HR analy‐
sis had the PWD measured by 12‐lead ECG except Okumura et al. 
who used SAECG. Upon removal of Okumura et al. study who had 
a very high confidence interval and the only study in HR analysis 
using SAECG, the HR became 1.73 [1.01–2.95]; high heterogeneity I2 
81%, p = 0.001. On sensitivity analysis on five pooled studies, upon 
removal of Mugnai et al. study, the HR became 2.27 [1.59–3.25], 
p < 0.001; low heterogeneity I2 0%, p < 0.49 (Figure 4b). Further re‐
moval of Okumura et al. study lead to HR of 2.17 [1.51–3.13]; low 
heterogeneity I2 0%, p < 0.49.

3.4 | Subgroup analysis

3.4.1 | 12‐lead ECG and signal‐averaged ECG

We performed a subgroup analysis by separating those measured by 
12‐lead ECG and SAECG. On a 12‐lead ECG only group (seven stud‐
ies), the mean difference for the PWD was 10.50 [6.10–14.90]; high 
heterogeneity I2 82%, p < 0.001; longer in those with AF recurrence 

(Caldwell et al., 2013; Hagiwara et al., 2019; Knecht et al., 2018; 
Mugnai et al., 2016; Nakatani et al., 2016; Salah et al., 2013; Wu 
et al., 2016; Figure 2b). Upon sensitivity analysis of the subgroup, 
removal of Salah et al. study resulted in a mean difference of 8.78 
[6.01–11.56]; moderate heterogeneity I2 37%, p = 0.16. Pooled OR 
from three studies was 3.03 [1.60–5.73], p < 0.001; high heteroge‐
neity I2 70%, p = 0.02 for those with prolonged PWD to have AF 
recurrence. Upon removal of Wu et al. study on sensitivity analysis, 
the OR became 4.16 [2.73–6.34], p < 0.001; low heterogeneity I2 
6%, p = 0.34. Pooled HR from four studies HR was 1.73 [1.01–2.95]; 
high heterogeneity I2 81%, p = 0.001.

On subgroup analysis of SAECG only group, the mean difference 
for the PWD was 18.46 [13.81–23.11]; low heterogeneity I2 0%, 
p = 0.79; longer in those with AF recurrence (Blanche et al., 2013; 
Ogawa et al., 2007; Okumura et al., 2007; Figure 2c). Pooled OR 
from two studies were 15.16 [4.40, 52.20], p < 0.001; low hetero‐
geneity I2 21%, p = 0.26 for those with prolonged PWD to have AF 
recurrence, however, the statistical power is low due to only two 
studies and pooled OR has a high range of 95% confidence interval.

3.4.2 | Prolonged P‐wave duration and cutoff point

We also performed subgroup analysis by separating pooled meas‐
ure into >120–130 ms and >140–150 ms cutoff point. Two studies 

F I G U R E  3  Forest plot and funnel plot of prolonged P‐wave duration and atrial fibrillation recurrence. Pooled analysis of odds ratio 
showing that prolonged P‐wave duration is associated with AF recurrence (a). Upon sensitivity analysis by removing Okumura et al. study 
showed a low heterogeneity (b). Upon addition of a study that used slightly different criteria (Wu et al), the heterogeneity was high. (c). AF: 
atrial fibrillation; PWD: P‐wave duration
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were included in the >120–130 ms cutoff point group resulting in 
an OR of 6.56 [3.51–12.28], p < 0.001; low heterogeneity I2 0%, 
p = 0.61 (Masuda et al., 2013; Mugnai et al., 2016). These studies 
had sensitivity and specificity of 54%–77.8% and 62.6%–91%. If 
Wu et al. study which used criteria of biphasic (±) morphology 
in the inferior leads in addition to PWD >120 ms were included, 
the OR became 3.13 [2.07–4.74]; high heterogeneity I2 83%, 
p = 0.003. Three studies were included in the >140–150 ms group 
with an OR of 4.79 [1.76–13.03]; moderate heterogeneity I2 63%, 
p = 0.79 (Caldwell et al., 2013; Weber et al., 2018; Okumura et 
al., 2007). These studies had sensitivity and specificity of 69%–
94.3% and 53%–91.7% upon removal of Okumura et al. study OR 
became 3.28 [1.91–5.64], p < 0.001; low heterogeneity I2 0%, 
p = 0.56.

3.4.3 | Paroxysmal atrial fibrillation

We performed a subgroup analysis of studies that only include 
paroxysmal AF (Caldwell et al., 2013; Mugnai et al., 2016; Salah et 
al., 2013; Wu et al., 2016). Pooled analysis of four studies showed 
a mean difference of 11.09 [4.39, 17.79], p = 0.001; high hetero‐
geneity I2 90%, p < 0.001. No removal of single study resulted in a 
marked decrease in heterogeneity. A pooled analysis from four stud‐
ies showed pooled OR of 4.91 [2.99–8.07], p = 0.003; high hetero‐
geneity I2 74%. Upon removal of Wu et al. study who used slightly 
different criteria for prolonged PWD, OR become 4.91 [2.99–8.07], 
p < 0.001; low heterogeneity I2 30%, p = 0.24.

4  | DISCUSSION

All studies demonstrated similar results, supporting the association 
between prolonged PWD and AF recurrence. These studies had 
slightly different methods of measuring the PWD, Mugnai et al. and 
Caldwell et al. assessed the ECG in the sinus rhythm within 6 and 
12 months before procedure, respectively. The other studies as‐
sessed the ECG recorded before ablation. Blanche et al., Masuda et 
al., and Ogawa et al. used signal‐averaged ECG while the others used 
standard 12‐lead ECG. On subgroup analysis for the mean P‐wave 
duration, the SAECG had low heterogeneity 0%, 12‐lead ECG had 
high heterogeneity 84% meaning that although most of the studies 
have a longer P‐wave duration, and 12‐lead ECG was associated with 
high heterogeneity. Nakatani et al. and Wu et al. also discontinue 
antiarrhythmic drugs for at least five half‐lives before measuring the 
ECG, although continued after ablation for 2–3 months, most stud‐
ies had a proportion of patients continuing antiarrhythmic at the 
time of ECG recording, and these were reported as the limitation 
of these studies (Nakatani et al., 2016; Wu et al., 2016). All of these 
studies, however, reported that the significant association between 
prolonged PWD and AF recurrence. Varying methods and antiar‐
rhythmic drug discontinuation seemed to have a relatively minimal 
effect on the outcome of the study, which is further supported by 
Jadidi et al. and Blanche et al. that antiarrhythmic drug therapy sta‐
tus is not statistically significant on the recurrence of AF (Blanche et 
al., 2013; Weber et al., 2018). Another limitation of these studies is 
inter‐observer bias in ECG and echocardiography parameters (which 

F I G U R E  4  Pooled hazard ratio of prolonged P‐wave duration and atrial fibrillation recurrence. Pooled analysis of hazard ratio showing 
prolonged P‐wave duration is associated with AF recurrence (a), upon removal of Mugnai et al. study, the heterogeneity become 0% (b). 
PWD: P‐wave duration
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were operator dependent). The studies resolve the possible bias in 
ECG by two independent cardiologists interpreting the ECG, some of 
the studies recorded the ECG in the system and enlarged the picture 
which can also improve the accuracy and reduce inter‐observer bias. 
Bias in echocardiographic results is more troublesome than ECG re‐
sults since it is operator dependent. Performing echocardiography 
twice by different cardiologist also seems exhaustive. The result of 
Okumura et al. study showed a high HR for the association of pro‐
longed PWD and the AF recurrence, this is probably due to the very 
small sample size in which the event for AF recurrence was only 15 
and the weight in the meta‐analysis was only 5.7%. There is insuffi‐
cient statistical power to expect a precise risk estimate in this study.

Prolonged PWD and the AF recurrence are independent of gen‐
der in all studies and age in all but one study. Salah et al. reported 
that prolonged PWD is not independent with age (Salah et al., 2013). 
Five studies reported that either prolonged PWD is independent of 
the presence of structural heart diseases or there is no significant 
association between the presence of structural heart disease and 
the AF recurrence (Blanche et al., 2013; Caldwell et al., 2013; Habib 
et al., 2015; Hagiwara et al., 2019; Weber et al., 2018; Okumura et 
al., 2007).

We may assume that prolonged PWD has the potential to be‐
come a reliable prognostic tool for both genders and all age groups, 
with or without structural heart disease.

Mugnai et al. only included patients with normal LA size (indexed 
diameter <24 mm/m2), a prolonged PWD is still a strong independent 
predictor of AF recurrence (OR 5.970 [3.0030–11.8707]; <0.0001) 
(Mugnai et al., 2016). A study by Jadidi et al. also indicated that even 
though patients with prolonged PWD >150 ms had a significantly 
larger LA diameter, prolonged PWD is an independent predictor of 
AF recurrence (OR 3.75 [1.86–7.55]; 0.0002) after adjustment to var‐
ious covariates including LA diameter >45 mm (Weber et al., 2018). 
The LA diameter >45 mm by itself is not independently associated 
with AF recurrence. While Nakatani et al., Okumura et al., Higuchi 
et al., and Blanche et al. reported no significant difference in LA di‐
ameter in those who experienced recurrences versus those who did 
not (Blanche et al., 2013; Hagiwara et al., 2019; Nakatani et al., 2016; 
Okumura et al., 2007). A study by Caldwell et al. showed that there 
is a significant difference in LA dimension between patients that 
experienced recurrences compared to those that do not. However, 
there is no multivariate analysis in this study that can ensure its sig‐
nificance after adjustment (Caldwell et al., 2013). Meanwhile, Wu et 
al. also reported the significant association between LA size and AF 
recurrence, but since the p‐value was above 0.25, it was not included 
in the multivariate analysis by the authors and hence not an indepen‐
dent predictor (Wu et al., 2016). Only a study by Salah et al. that in‐
dicates that the P‐wave indices including prolonged P‐wave duration 
are not independent of LA size (Salah et al., 2013). Higuchi et al. con‐
cluded that LA volume lost its significance in multivariate analysis; 
in which only prolonged P‐wave duration ≥126 ms came out as sig‐
nificant (Hagiwara et al., 2019). We can assume that the prolonged 
PWD rather than LA size is more critical in predicting AF recurrence. 
The prolonged PWD may be as a result of other pathologies such as 

conduction delay, inflammation, fibrosis, excessive reactive oxygen 
species, downregulation of ion channels, and gap junctions (which 
may also trigger arrhythmias) that might not be accurately reflected 
by LA size (Pérez‐Riera et al., 2016; Sovari, 2016).

Our study showed that a longer P‐wave duration [mean differ‐
ence 16.54 ms [10.29–22.78], p < 0.001] was associated with AF 
recurrence. Prolonged P‐wave duration has a pooled OR of 4.17 
[2.10–8.31]; p < 0.001 of experiencing AF recurrence. Some of the 
studies reported a cutoff >120 ms to>150 ms. The heterogene‐
ity can be reduced to 4% by excluding Wu et al. and Okumura et 
al. study. Upon subgroup analysis on cutoff point and exclusion of 
Okumura et al. study (Wu et al. study is included), we found that by 
separating cutoff point into >120–130 and >140–150 heterogene‐
ity can decrease to I2 0% in both groups, respectively. Although the 
pooled OR was significantly higher in the ≥120–130 ms group, the 
sensitivity and specificity were found to be greater in >140–150 ms 
group. We concluded that prolonged P‐wave duration >120 ms to 
>150 ms in sinus rhythm pre‐ablation is associated with AF recur‐
rence regardless of LA size or presence of structural heart disease. 
Using the prolonged PWD duration measured before ablation as a 
variable to predict the recurrence of AF in post‐PVI patients may 
help the risk stratification, tailor the therapeutic approach, and may 
serve as a foundation for further research and as inclusion crite‐
ria for further studies. Further studies can also create a predictive 
model using prolonged PWD as one of their variables to create a 
prognostication tool for AF recurrence after PVI.

It is well known that pulmonary vein is significant in the initiation 
and maintenance of atrial fibrillation. Therefore, the intervention 
for AF is aimed to isolate the pulmonary vein from the atria elec‐
trically (Ogawa et al., 2007). Human pulmonary veins have muscle 
sleeves that extend beyond the PV‐left atrium junction and due to 
the discontinuous nature of these connections, conduction delay 
exists between LA and PV during both sinus and paced rhythms. 
Haissaguerre et al. demonstrated that PVs had a strong potential 
to initiate and perpetuate AF due to shorter refractory periods 
and abrupt changes in myofibril orientation (Haïssaguerre et al., 
1998). This electrical abnormality is generally associated with struc‐
tural abnormalities such as left atrial enlargement and fibrosis that 
causes atrial dysfunction (Ariyarajah, Mercado, Apiyasawat, Puri, & 
Spodick, 2005; Goyal & Spodick, 2001). These changes are called 
“electro‐anatomic remodeling” and are implicated in the initiation 
and perpetuation of AF (Daoud et al., 1996; Kumagai et al., 1991). 
With an additional area in the LA‐PV being conducted electrically, 
PV muscle sleeves undergo delayed activation compared to the atrial 
musculature. This conduction delay manifested in the electrocardio‐
gram as a terminal portion of the P‐wave that mainly associated with 
PV depolarization. The conductance of this additional area of PV 
also creates an additional terminal segment of the P wave commonly 
referred to as atrial late potentials (ALP). The presence of ALP in the 
P wave creates a longer P‐wave duration that can be observed in 
patients with atrial fibrillations (Ogawa et al., 2007). Several studies 
have proven that the disappearance of ALP after the disconnection 
of LA‐PV conduction by ablation is associated with the cessation of 
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atrial fibrillation post‐ablation. In comparison, cases of residual ALP 
after PV isolation were associated with AF recurrence and recon‐
nection of LA‐PV conduction (Nakatani et al., 2016; Ogawa et al., 
2007). P‐Wave morphology represents atrial electrical activation. 
This activation depends on the distance and velocity of electrical 
currents on the myocardium. Atrial remodeling caused changes in 
the conduction pathway on the myocardial tissue of the atrium; 
these changes are divided into structural and electrical remodel‐
ing and most commonly occurs together. Structural remodeling is 
signified by atrial enlargement visible by imaging modalities and 
electrical remodeling represented by prolonged electromechanical 
time which can be assessed using intracardiac electrode positioned 
in the right atrium. From the surface ECG, this electrical remodeling 
will be seen as a prolonged P‐wave duration. Specifically, electrical 
remodeling is a shortening of the refractory period with increased 
dispersion and reduction of atrial conductivity (Salah et al., 2013). 
In one particular study, Date et al. studied the association between 
PV cardiac muscle sleeves to the P wave using standard vectorcar‐
diography and electrocardiography before and after pulmonary 
vein isolation. The study found that a change in P‐wave morphol‐
ogy occurred after PVI and the myocardial sleeves of the PV played 
a significant role in the formation of the middle segment of the P 
wave (DATE et al., 2007). Dabrowska‐Kugacka et al. assessed the 
association between P‐wave duration and atrial electromechanical 
delay and concluded that the P‐wave duration of the surface ECG is 
highly correlated with the atrial electromechanical delay. SALAH 11 
This electromechanical delay can be explained by the cellular injury 
secondary to the atrial fibrillation itself. There is histologic evidence 
of oxidative stress and injury in the atrial myocardium. This results in 
peroxynitrite formation, which modifies myofibrillar proteins, con‐
tributes to loss of fibrillar protein function and alters myofibrillar 
energetics (Mihm et al., 2001). Said mechanism regarding cellular 
injury in AF was further cemented by the findings of Lin et al. in a 
study that found the extent of left atrial low voltage substrate (LA 
LVS) increased during the course of AF, with little to no LA LVS in 
early paroxysmal AF and extensive LA LVS in long‐standing or per‐
manent forms (Lin et al., 2014).

Limitations in this systematic review and meta‐analysis include 
limitations in searching for literature in which authors tend to pub‐
lish only positive studies, the literature included in the present study 
consists of only positive results which means that it is strongly asso‐
ciated or lack of negative study. This bias may lead to overestimating 
the association. Other limitations include the unavailability of data 
that needed for OR calculation in several studies. Another limita‐
tion is that these studies have different cutoff points varying from 
≥120 ms to >150 ms. Fortunately, the difference is acceptably small. 
The procedural details between these studies also differ slightly in 
the methods of ECG recording, echocardiographic measurements, to 
the method of catheter ablation, and skills of the operators perform‐
ing it may produce heterogeneity in the studies. One of the studies 
(Okumura et al.) also has a very wide 95% confidence interval, small 
sample, and event size. These studies also had limited data on post‐
ablation P‐wave duration and change in PWD post‐ablation, such 

information may be valuable for further analysis. Although this study 
showed that post‐ablation PWD is associated with AF recurrence, 
it was based only from only three studies that reported post‐abla‐
tion PWD. One of them (Nakatani et al.) had a different sample size 
for pre‐ablation and post‐ablation data, and they also did not report 
the changes in PWD from pre‐ablation to post‐ablation in their re‐
sults, and the article contained insufficient information to calculate 
changes in PWD manually and they also did not present the change 
in PWD in their results We did not analyze the change in P‐wave 
duration pre‐ablation and post‐ablation because of only two stud‐
ies eligible with a small number of events contained sufficient data. 
Subgroup analysis of cutoff points was also based on a limited num‐
ber of studies.

5  | CONCLUSION

These findings suggest that prolonged PWD with a cutoff of 
>120 ms to >150 ms in sinus rhythm before ablation may be associ‐
ated with AF recurrence after PVI regardless of age, gender, LA size, 
and the presence of structural heart disease. With current evidence, 
a cutoff of ≥120–130 ms may be used albeit with a lower sensitivity 
and specificity of >140–150 ms. We encourage further investiga‐
tions to include a recording using SAECG for a more objective and 
accurate results, more focus on determining a single cutoff point for 
a prolonged PWD to by performing multiple analysis for different 
cutoff points to narrow down the >120 to >150 ms range in order 
to become more clinically applicable, and a longer follow‐up above 
5 years to determine the long‐term significance. We also suggest fu‐
ture studies to include post‐ablation PWD and change in PWD after 
ablation. We also encouraged further studies that investigate the 
predictive model for post‐PVI prognostication to include prolonged 
PWD as one of their variables.
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