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Aims Atrial fibrillation (AF) is a global health problem with high morbidity and mortality. Catheter ablation (CA) can reduce AF 
burden and symptoms, but AF recurrence (AFr) remains an issue. Simple AFr predictors like P-wave duration (PWD) could 
help improve AF therapy. This updated meta-analysis reviews the increasing evidence for the association of AFr with PWD 
and offers practical implications.

Methods 
and results

Publication databases were systematically searched and cohort studies reporting PWD and/or morphology at baseline and 
AFr after CA were included. Advanced interatrial block (aIAB) was defined as PWD ≥ 120 ms and biphasic morphology in 
inferior leads. Random-effects analysis was performed using the Review Manager 5.3 and R programs after study selection, 
quality assessment, and data extraction, to report odds ratio (OR) and confidence intervals. : Among 4175 patients in 22 
studies, 1138 (27%) experienced AFr. Patients with AFr had longer PWD with a mean pooled difference of 7.8 ms (19 stud-
ies, P < 0.001). Pooled OR was 2.04 (1.16–3.58) for PWD > 120 ms (13 studies, P = 0.01), 2.42 (1.12–5.21) for PWD > 
140 ms (2 studies, P = 0.02), 3.97 (1.79–8.85) for aIAB (5 studies, P < 0.001), and 10.89 (4.53–26.15) for PWD > 150 ms 
(4 studies, P < 0.001). There was significant heterogeneity but no publication bias detected.

Conclusion P-wave duration is an independent predictor for AF recurrence after left atrium ablation. The AFr risk is increasing expo-
nentially with PWD prolongation. This could facilitate risk stratification by identifying high-risk patients (aIAB, PWD > 
150 ms) and adjusting follow up or interventions.
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P-wave duration (PWD) is an independent predictor for recurrence after atrial fibrillation (AF) ablation. The risk is increasing exponentially with 
PWD prolongation and the presence of partial (pIAB) or advanced (aIAB) interatrial block. Thus, PW could identify high-risk patients (aIAB, 
PWD > 150 ms) in order to adjust follow up or interventions.

Keywords Atrial fibrillation • Ablation • P-wave • Interatrial block/conduction • Recurrence

What’s new?

• The risk for atrial fibrillation recurrence (AFr) after catheter ablation 
is increasing exponentially with longer P-wave duration (PWD) at 
baseline.

• The odds ratio for AFr risk is 2 at 120 ms, 2.4 at 140 ms, 4 for ad-
vanced interatrial block (IAB; PWD > 120 ms, biphasic morphology 
in inferior leads) and 10.9 at 150 ms.

• Advanced IAB has two times and PWD > 150 mg five times higher 
AFr risk than partial IAB.

• Thus, PWD could facilitate risk stratification and adjustment of fol-
low up or interventions.

Introduction
Atrial fibrillation (AF) is the most common arrhythmia affecting 2% of 
the population with >34 million patients around the world and a preva-
lence that will double by 2050. Atrial fibrillation is associated with in-
creased morbidity and mortality and a significant financial burden for 
the social security systems worldwide.

Catheter ablation (CA) has been established as an effective therapy 
reducing AF burden and symptoms. However, recurrence during follow 
up remains a major concern making patient selection for first or repeat 
ablations a very important task. Therefore, simple predictors of AF re-
currence (AFr) could facilitate ablation strategy, closer follow up or 

prophylactic interventions and guidance of anticoagulation in such 
patients.

Several recent studies have shown an association between P-wave 
duration (PWD) and AFr after ablation. Both 12-lead and 
signal-averaged electrocardiogram (SAECG) has been evaluated in dif-
ferent populations evaluating duration or morphology of the P-waves. 
However, most studies are single-centre reports with limited sample 
sizes resulting in different PWD cut-offs and compromising its true pre-
dictive value. Moreover, several studies showed no difference in PWD 
for patients with AFr, reported a non-significant predictive value or 
failed to detect the effect size for different cut-offs.

This updated meta-analysis reviews the increasing evidence of all 
available studies that reported PWD prior to CA and its association 
with AFr during follow up in order to provide practical clinical 
implications.

Methods
This study was reported in adherence to Preferred Reporting Items for 
Systematic Reviews and Meta-analyses (PRISMA) statements. We searched 
PubMed/Medline, Embase, and ClinicalTrials.gov databases through 
Cochrane Library without language restriction from database inception 
to January 2021. The following keywords were used as search terms: 
‘P wave’, ‘P waves’, ‘interatrial block’, ‘interatrial conduction’, ‘AF recur-
rences’, ‘atrial fibrillation’, and ‘AF’ with filters ‘Clinical Trial’ and 
‘Randomized Controlled Trial’. References of included articles were manu-
ally searched to identify additional eligible studies. No language restrictions 
were applied (see Supplementary material online, Table S1).

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac210#supplementary-data
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All studies were screened by three authors according to the following in-
clusion criteria: (i) studies including adult AF patients, (ii) PWD was mea-
sured prior to ablation, (iii) AFr after ablation was reported as an 
endpoint, and (iv) PWD was used as a variable to predict AFr. Case reports, 
reviews, letters, and editorials were excluded. The primary endpoint was 
AFr during follow up. Atrial fibrillation was defined as paroxysmal or persist-
ent according to the current guidelines. Prolonged PWD > 120 ms and pro-
longed biphasic P-waves (in inferior leads) were defined as partial (pIAB) 
and advanced interatrial block (aIAB), respectively.1

Two authors independently extracted data and summarized them in a 
data extraction file. Any disagreement was resolved by consensus or by 
consulting a third author. The missing data of eligible studies were calculated 
by the reported continuous PWD values or by contacting the original 
authors. The studies selected in our meta-analysis were evaluated for meth-
odological quality using the Newcastle–Ottawa scale (0–9 points) based on 
selection, comparability, and outcome.

Statistics
Data for continuous variables were pooled to calculate a weighted mean 
difference (WMD) and 95% confidence interval (CI). The WMD of PWD 
between patients with and without AFr was computed and compared. 
The pooled odds ratio (OR) and 95% CI of PWD per cut-off value or ac-
cording to the presence of partial or advanced IAB were calculated to evalu-
ate their prognostic value for the primary endpoint. Furthermore, forest 

plots were constructed to display overall effects using a random-effects 
model. Heterogeneity was assessed using Higgins I2 statistics, with values 
of 25, 50, and 75% representing low, moderate, and high heterogeneity, re-
spectively. Sensitivity analysis was performed to evaluate the effect modifi-
cation according to method (ECG or SAECG) and AF type as well as to 
exclude the effect of publication bias (based on Funnel plot) on the overall 
pooled estimates. Additionally, Egger’s and Copas tests were applied to 
evaluate the presence of publication bias. Review Manager 5.3 (Cochrane 
Collaboration, Oxford, UK), R 3.5.3 (open source), and Stata 16.0 (Stata 
Corp, TX, USA) were used for the analysis. A P-value <0.05 was considered 
statistically significant.

Results
From the initial 351 studies screened and retrieved according to the 
search strategy, 100 were removed as duplicates. Potentially eligible 
studies (n = 37) were identified after screening titles and abstracts 
and 15 were excluded following full-text review for not meeting the in-
clusion criteria. Consequently, a total of 22 studies including 4.175 AF 
patients were included in the final analysis (Figure 1).2–23 Quality assess-
ment using the Newcastle–Ottawa scale showed high scores (≥7 
points) in the majority of the studies enrolled in our meta-analysis 
(see Supplementary material online, Table S2).

MEDLINE/PubMed N = 179
EMBASE N = 153

ClinicalTrials.gov N = 19
Total number: N = 351

100 duplicates removed
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37 full-text articles evaluated

22 studies included for qualitative synthesis

22 studies included for quanittative synthesis

4 excluded due to short FUP
11 excluded due to insufficient
data regarding PWD/outcome

251 studies screened for eligibility
(inclusion criteria)

214 excluded due to lack of
PWD/AFr in the abstract

Figure 1 Flow chart of the study selection process according to the preferred reporting items for systematic reviews and meta-analysis (PRISMA) 
guidelines. AFr, atrial fibrillation recurrence; PWD, P-wave duration.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac210#supplementary-data
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Baseline characteristics
All 22 included studies were single-centre cohort studies. There were 
10 studies with exclusively paroxysmal and 1 with persistent AF pa-
tients. Most studies (n = 15) used ECG and 6 used SAECG for PWD 
measurement (Table 1).

Included patients (n = 4175) had a mean age of 61 ± 10 years with a 
normal left ventricular function (LVEF 62 ± 8%) and a left atrium of 40 
± 5 mm. There were 62% males and 72% paroxysmal AF (PAF) patients. 
Among the 16 studies that reported comorbidities, the most common 
diseases were hypertension (45%) followed by diabetes and ischaemic 
heart disease. The mean baseline PWD among reported studies was 
126 ms. During a mean follow-up time of 16 ± 9 months (ranging from 
3 to 50), 1138 patients (27%) experienced an AFr after CA (Table 2).

Longer P-wave duration in patients with 
atrial fibrillation recurrence
Most studies (n = 19) reported PWD in both patients with and without 
AFr.2–12,14,15,17–20,22,23 Patients with AFr had longer PWD with a mean 
pooled difference (ΔPWD) of 7.8 ms (P < 0.001, Figure 2). Subgroup 
analysis revealed that the ΔPWD remained significantly different in pa-
tients measured only with ECG (13 studies, ΔPWD 7.01 ms, P < 0.001) 
6–10,14,15,17–20,22,23 or only with SAECG (6 studies, ΔPWD 10,22 ms, 
P < 0.001).2–5,11,12 The difference between ECG and SAECG studies 
was not statistically significant (P = 0.46). The mean ΔPWD remained 
significant when analysing studies with PAF only (10 studies, ΔPWD 

6.6 ms, P = 0.004).4,6–9,11–14,16–21 A respective meta-analysis for per-
sistent AF patients was not possible, since there was only one study re-
porting such results (ΔPWD 11.9 ms, P < 0.001).18 Supplementary 
material online, Figure S1 depicts the respective Forrest plots for differ-
ent recording methods (ECG, SAECG) and AF types.

P-wave as atrial fibrillation recurrence 
predictor
The association between PWD and the incidence of AFr was calculated 
after identifying the number of patients having specific PWD and AFr in 
each study. The pooled OR was 2.04 (1.16–3.58) for PWD > 120 ms 
(13 studies, P = 0.01),6–10,13–15,17–23 2.42 (1.12–5.21) for PWD > 
140 ms (2 studies, P = 0.02),6,23 3.97 (1.79–8.85) for aIAB (5 studies, 
P < 0.001),6,13,14,19,23 and 10.89 (4.53–26.15) for PWD > 150 ms (4 
studies, P < 0.001),3,6,15,16 revealing that the risk for AFr increased sig-
nificantly from >120 to >130 and >140 and excited that of advanced 
IAB when the PWD was over >150 ms (Figure 3).

Subgroup analysis showed that the predictive value of PWD > 120 ms 
was significant both for patients with paroxysmal (10 studies, OR: 2.2, P = 
0.004)4,6–8,11,12,14,17,19,20 and persistent AF patients (OR: 19.6, P < 
0.001).18 Supplementary material online, Figure S2 depicts the Forrest plots 
for the subgroups of studies reporting only on pAF and persistent AF.

There was significant heterogeneity as revealed by the Higgins I2 sta-
tistics. Although visual inspection of the funnel plots suggested some 
asymmetry, Egger’s and Copas’ test revealed no evidence of publication 
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Table 1 Baseline characteristics of the included cohort studies

Study Year Country n Method PWD cut-off Age, years PAF, % Male, % HTN, % EF, % LAD, mm

Ogawa et al.2 2007 JP 27 SAECG N/A 55 ± 13 93 78 − 65 ± 6 –

Okumura et al.3 2007 JP 51 SAECG 150 61 ± 11 80 76 − 68 ± 10 36 ± 5

Masuda et al.4 2012 JP 88 SAECG 130, RS20 64 ± 11 100 66 67 65 ± 6 36 ± 5

Blanche et al.5 2012 CH 102 SAECG 140 59 ± 10 60 81 38 62 ± 9 42 ± 5

Caldwell et al.6 2013 UK 100 ECG 120, 140, 150, aIAB 58 ± 11 100 72 − 60 ± 5 41 ± 6

Salah et al.7 2013 CN 198 ECG 125 57 ± 8 100 76 43 64 ± 8 43 ± 5

Park et al.8 2015 KR 525 ECG 120 56 ± 12 100 76 46 62 ± 9 –

Wu et al.9 2015 CN 204 ECG 120, aIAB 59 ± 10 100 55 47 – 39 ± 6

Knecht et al.10 2016 CH 129 ECG 120 61 ± 8 65 79 57 67 ± 4 –

Arroja et al.11 2016 CH 45 SAECG 120 59 ± 10 100 87 − 66 ± 5 39 ± 4

Kanzaki et al.12 2016 JP 79 SAECG 120 64 ± 9 100 71 52 62 ± 9 47 ± 5

Gul et al.13 2016 CA 62 ECG 120, aIAB 58 ± 11 100 76 15 – 41 ± 6

Mugnai et al.14 2016 BE 201 ECG 120 56 ± 11 100 72 31 54 ± 10 –

Doi et al.15 2018 JP 205 ECG 120, 150 64 ± 11 53 76 55 53 ± 6 –

Jadidi et al.16 2018 DE 143 ECG 150 65 ± 10 0 36 32 – 44 ± 6

Kaypakli et al.17 2018 TR 114 ECG 120 61 ± 7 100 12 16 51 ± 8 –

Higuchi et al.18 2018 JP 113 ECG 126 58 ± 11 0 88 41 61 ± 9 43 ± 6

Wu et al.19 2018 CN 329 ECG 120, aIAB 69 ± 4 100 54 32 64 ± 9 39 ± 5

Nakatani et al.20 2019 JP 201 ECG 120 64 ± 11 100 73 47 60 ± 9 39 ± 6

Chen et al.21 2019 CN 411 ECG 120 63 ± 10 100 58 55 – 40 ± 6

Zink et al.22 2020 DE 678 ECG 120 63 ± 9 53 58 78 66 ± 7 –

Yang et al.23 2020 CN 207 ECG 120, 140, aIAB 59 ± 11 48 34 51 65 ± 6 38 ± 5

Total 4175 61 ± 10 72 62 45 62 ± 8 40 ± 5

aIAB, advanced interatrial block; EF, ejection fraction; HTN, hypertension; LAD, left atrial diameter; PAF, paroxysmal atrial fibrillation; PWD, P-wave duration; SAECG, signal-averaged 
electrocardiogram.

http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac210#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac210#supplementary-data
http://academic.oup.com/europace/article-lookup/doi/10.1093/europace/euac210#supplementary-data
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bias and sensitivity analysis did not reveal a significant change in the re-
sults of the overall analysis (Figure 4).

Discussion
To our knowledge, this updated meta-analysis is the largest systematic 
collection and quantitative synthesis of 4.175 patients undergoing AF 
ablation. We revealed the strong predictive value of different pre- 
procedural PWD cut-offs for the recurrence of AF after CA. In specific, 
we found that a pre-procedural PWD > 120 ms (pIAB) doubles the risk 

for AFr during follow up. When this is combined with morphologic cri-
teria (biphasic P wave in inferior leads), indicating an aIAB, the risk is 
four times higher. Most importantly though, further PWD prolongation 
to >150 ms leads to a 10 times higher risk of recurrence.

Identifying patients at risk for arrhythmia recurrence after AF abla-
tion remains challenging. Several predictive models have been reported 
including clinical, anatomical, imaging, and serological characteristics. 
Common predictors are LA size, AF type, age, female sex, and to a less-
er extent estimated glomerular filtration rate or biomarkers such as 
B-type natriuretic peptide. However, these models have a highly vari-
able discriminatory ability (c-statistic) and do not characterize 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Table 2 Outcome characteristics of the included cohort studies

Study FUP AFr, 
%

PWD 
AFr(+)

PWD 
AFr(−)

Outcome predictors of AFr Sen. Spec. NPV PPV

Ogawa et al.2 16 ± 4 26 168 ± 10 161 ± 7 PWD shortening

Okumura et al.3 3 29 167 ± 15 146 ± 13 PWD HR: 10.3, P = 0.03 93 72 58 96

Masuda et al.4 16 ± 4 42 163 ± 21 158 ± 18 Terminal part of filtered PW (atrial late potential) OR: 4.22,  

P = 0.006

54 91 73

Blanche et al.5 12 ± 7 35 158 + 34 140 + 18 PWD (no results for >/<140 ms), AUC 70%, P < 0.01 69 53 45 76

Caldwell et al.6 32 ± 14 47 139 ± 17 129 ± 14 Max. PWD (OR: 2.4, P = 0.02), PW dispersion, LA size 69 53 45 76

Salah et al.7 9 ± 3 30 123 ± 10 104 ± 14 PWD ≥ 125 ms 60 90 84 72

Park et al.8 21 ± 10 16 112 ± 18 112 ± 22 PW amplitude (Lead I) < 0.1 mV (HR 2.16) and PAF, AUC 71%

Wu et al.9 14 ± 6 30 121 ± 14 117 ± 14 PWD > 120(HR: 2.1,P = 0.04),LAD (HR: 1.05, P = 0.034) 66 80

Knecht et al.10 12 35 128 ± 19 120 ± 16 AF burden (HR: 2.02, P < 0.001), PWD (2.6, P = 0.01) adj. for  
AF type/LAD

Arroja et al.11 12 ± 5 49 142 ± 21 139 ± 17 Neither SA-PWD nor EP measurements

Kanzaki et al.12 10 14 136 ± 13 128 ± 15 P-wave force > 9.3 mV*ms (P < 0.001)

Gul et al.13 50 ± 22 52 – – aIAB (OR: 3.34, P = 0.03).

Mugnai et al.14 22 ± 16 31 129 ± 13 119 ± 11 PWD (HR: 1.05, P < 0.001)/dispersion (HR: 1.05, P < 0.001) adj.  
for LA/age

78 63 49 86

Doi et al.15 12 24 137 ± 16 130 ± 13 Terminal PW force V1 > 56.7 mV*ms (PWD*amplitude, AUC 
80%, P < 0.01)

75 76

Jadidi et al.16 12 22 – – PWD > 150 ms (OR: 3.75, P = 0.0002) 67 65

Kaypakli et al.17 12 21 94 ± 11 87 ± 11 PWD indexed for PR in II (AUC 76%, OR: 1.143, P = 0.001, cut-off 

60) and hypertension (OR = 0.194, P = 0.020) adjusted for age, 
diabetes, ACEI-ARB use, CHADS-VASc and HAS-BLED score, 

HsCRP, LA size

75 69

Higuchi et al.18 22 50 133 ± 17 121 ± 13 Interatrial conduction time IACT > 123 (HR 2.23, P = 0.01) 53 85

Wu et al.19 17 ± 8 29 121 ± 14 117 ± 14 Resting heart rate (RHR) < 50 b.p.m. (HR 1.92, P = 0.02), aIAB (HR 
1.82, P = 0.02), LAD (HR 1.05, P = 0.03), adjusted for PWD/ 

CHADS score

Nakatani et al.20 12 22 124 ± 18 126 ± 17 Coefficient of variation of PWD in 12 ECG leads as conduction 

heterogeneity index (AUC 70%, cut-off 0.080)

68 66 36 98

Chen et al.21 20 ± 8 25 – – PWD ≥ 120 ms (OR = 1.69, P = 0.02) adjusted for age, sex, LAD

Zink et al.22 3 24 129 ± 31 122 ± 22 Prior stroke/TIA (HR 1.54, P = 0.11), CAD (HR 1.85, P = 0.005), 

CV during ablation (HR 1.78, P = 0.001), age*sex (HR 1.01,  

P = 0.04)

Yang et al.23 12 32 109 ± 14 104 ± 11 Morphology–voltage–P-wave (MVP) score > 3 (AUC79%,  

P < 0.001)

53 90

aIAB, advanced interatrial block; ACEI-ARB, angiotensin-converting enzyme inhibitor/angiotensin receptor blockers; AFr, atrial fibrillation recurrence; AUC, area under curve; CA, 
catheter ablation; CAD, coronary artery disease; CV, cardioversion; FUP, follow up in months; HR, hazard ratio; LA(D), left atrium (diameter); N/PPV, negative/positive predictive 
value (%); PWD, P-wave duration; SA, signal averaged; Sen., sensitivity (%); Spec., specificity (%); TIA, transient ischaemic attack.
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accurately the individual structural and electrical atrial remodelling.24

This is better assessed with pre-procedural imaging (e.g. cardiac MRI 
with late gadolinium enhancement) or intra-procedural mapping (low- 
voltage areas). These methods can depict anatomical changes and the 
surrogate presence of fibrosis, which are associated with higher recur-
rence risk, but are costly and not readily available for pre-procedural 
planning. Thus, in the clinical setting, there is a need for a feasible low- 
cost surrogate of recurrence risk that could potentially improve patient 
selection and translate into cost savings by avoiding unnecessary proce-
dures. The present analysis reveals the practical implications of PWD 
and IAB by describing their predictive value.

P-wave duration and interatrial block
Electrocardiography is a simple and widely available tool that can pre-
dict the risk for AFr by evaluation of the PWD and its characteris-
tics.25,26 P-wave changes have been associated with conduction 
changes and fibro-fatty replacement in histological studies.27 More spe-
cifically, this conduction delay at the Bachmann bundle level has been 
defined as pIAB or aIAB (Graphical Abstract). This results in atrial re-
modelling and asynchronous LA contraction,28,29 but can also appear 
without LA enlargement as a surrogate of AF substrate.1 In fact, aIAB 
has been described as a separate clinical entity, called ‘Bayes’ syndrome’, 
that has been associated with AF or other atrial arrhythmias and an in-
creased stroke, dementia and mortality risk.1

Chen et al.21 reported that PWD was an independent predictor of 
atrial scarring, even after adjusting for age, sex, and LA diameter. 
Moreover, non-predictive value triggers were more common in pa-
tients with scarring, putting them at greater risk of recurrence. This is 
in agreement with the results of the study by Mugnai et al.,14 who found 
that PWD and dispersion were independent predictors of recurrence 
in patients with non-dilated left atria. In other words, electrical remod-
elling often precedes apparent structural changes and patients with 

normal dimensioned left atria and PAF should undergo AF ablation 
early, to prevent further electromechanical deterioration.

On the other hand, patients with persistent AF and advanced remod-
elling are more prone to AFr after CA. Jadidi et al.16 found that an amp-
lified PWD of >150 ms signifies extended LA scar with high sensitivity 
and specificity. P-wave duration in these patients was the only inde-
pendent AFr predictor, even after adjusting for known confounders 
like age, sex, LA diameter, structural cardiomyopathies, hypertension, 
and antiarrhythmic drugs. Consequently, as shown in our analysis, 
AFr risk in patients with PWD > 120 ms and persistent AF was almost 
10 times higher than those with PAF (see Supplementary material 
online, Figure S1).

In support of these findings, we found an exponential dose–response 
effect between the PWD and AFr risk. While pre-procedural PWD > 
120 ms (pIAB) doubles the risk for AFr (OR ∼2.0), this is slightly higher 
for PWD > 140 ms (OR ∼2.4) and much higher for aIAB (OR ∼4.0) and 
PWD of >150 ms (OR ∼10.9). Interestingly, the method of recording 
did not influence the outcomes. The mean PWD difference was similar 
whether measured by ECG or SAECG (P = 0.46). Thus, while averaging, 
filtering and amplifying the electrical signal of the P-wave offers more ac-
curate measurements, practically the SAECG does not improve the pre-
dictive value of PWD. Similarly, the mean PWD difference was similar in 
patients with paroxysmal and persistent AF (P = 0.365). Therefore, these 
cut-offs could facilitate patient selection for additional substrate ablation, 
for patients with earlier stages of fibrosis, or alternative strategies for pa-
tients with advanced stages, as in the DECAAF II study. Given the insight 
that ablation is not as effective in scar, we should evaluate new ap-
proaches in such patients. Our findings for example could help select 
those with high scar or recurrence risk and prospectively randomize 
them to LA ablation (radiofrequency or pulsed field ablation) or a 
‘pace and ablate’ (AV junction) strategy.

The association of PWD with AFr after ablation has also been 
evaluated in a recent meta-analysis of 1482 patients conducted by 
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Pranata et al.26 The association was significant in SAECG, ECG, and PAF 
subgroups as well in both genders and all age groups, with or without 
structural heart disease. These results supplemented those from an 
earlier analysis of 1010 patients by Wang et al.25 and a meta-analysis 
of 2587 patients by Tse et al.,30 both of which did not specify the pre-
dictive value of different cut-offs, as in our analysis. The first one in-
cluded only eight studies, while the later one focused more on 
new-onset AF and included three studies regarding AFr.30 Our findings 
derive from a significantly larger population and provide for the first 
time practical insights for different PWD cut-offs, which should be fur-
ther evaluated in prospective studies.

Other P-wave characteristics
There are also several other P-wave indices that have been evaluated 
as predictors of AFr and in some studies overweighed the PWD. The 

PWD index, defined as the ratio of PWD to the PR interval in Lead II, 
has been described as a way to overcome the effects of the auto-
nomic nerve system and was found to be an independent AFr pre-
dictor.17 The PWD dispersion (max–min value > 45 ms) has also 
shown very good discriminative predictive value in a study by 
Mugnai et al.14 but failed to reach significance in the study by 
Caldwell et al.6 A later study by Nakatani et al.20 though argued 
that the coefficient of variation for the PWD (>0.08), calculated 
by dividing the standard deviation by the mean PWD value, has the 
highest predictive accuracy among P-wave parameters in predicting 
AFr in PAF patients. Finally, the combination of PWD with other 
characteristics like in the morphology–voltage–PWD (MVP) score 
has also shown good predictive accuracy. The MVP assigns 0–2 
points for each of the following factors: morphology in inferior leads, 
voltage in Lead 1 and PWD. Yang et al.23 found that an MVP >3 has 
the best predictive ability for AFr (c-statistics 0.789), but this index 
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requires additional measurements of low-amplitude P-waves in Lead 
I and was not directly compared with PWD alone.

The P-wave terminal force in lead V1 (PTWFV1 > 0.04 mm*s), cal-
culated by multiplying the duration and the amplitude of deep terminal 
negativity of the P-wave (prime) in Lead V1, was also found to be 
strongly correlated with LA enlargement and the risk of AF occur-
rence.31 However, in the study by Doi et al.,15 PWTFV1 did not over-
weight the predictive value of PWD for AFr. Kanzaki et al.12 came to a 
similar conclusion, with SAECG and P-wave force (the amplitude of the 
negative terminal phase multiplied by the filtered PWD) values 
>9.3 mV*ms becoming significant only when measured acutely post- 
procedurally. Masuda et al.4 found a simpler SAECG marker; the atrial 
late potential, defined as PWD ≥ 130 ms and a terminal root mean- 
squared voltage ≤2.0 mV, which was associated with AFr in PAF pa-
tients (OR = 4.2). Park et al.8 though proposed an easier approach 
and found the P-wave amplitude in Lead I (<0.1 mV) to be independ-
ently associated with AFr and linearly correlated with LA voltage and 
conduction velocity. The recent consensus document about P-wave 
parameters and indices provides a further in-depth analysis that under-
lines the importance of this topic.32 Taken together, these studies re-
veal a paucity of methods to approach P-wave morphology. 
Nevertheless, PWD and IAB have a higher practical value, since they 
are easily identifiable and simple to use and report in the majority of 
the studies.18

Clinical implications
Our study has shown that the OR for AFr after CA increased exponen-
tially from 2 for PWD > 120 ms to 2.4 for PWD > 140 ms, then 4 for 
aIAB and 10 for PWD > 150 ms. We reviewed the evidence connecting 
PWD with atrial fibrosis and suggest that the considerations of this sim-
ple measurement are far more practical than other complex P-wave in-
dices. These specific PWD cut-off limits could be used as a surrogate 
marker of fibrosis to better stratify patients into different treatments, 
leading them to ablation, when the risk of recurrence is acceptable 
or examining alternatives, when signs of advanced fibrosis are present. 
Accordingly, patients with prolonged PWD should have a closer 
follow-up strategy. The present findings emphasize the clinical import-
ance of evaluating PWD prior to CA for AF and deserve further 
investigation.

Limitations
The variation in population characteristics, measurements, ablation 
techniques (radiofrequency or cryo-ablation), or strategies, end-
points and follow up has contributed to high heterogeneity (I2 = 
87% for PWD > 120 ms). This was due to the widely inclusive selec-
tion criteria and was reduced as patient characteristics converged 
through selection (prolonged PWD). However, we used 
random-effects models and performed subgroup and sensitivity ana-
lysis to analyse and eliminate this heterogeneity. Additionally, the in-
cluded studies had high quality according to the Newcastle–Ottawa 
scale (≥7 points). Although no study reported on intra- or inter- 
observer variability for PWD measurement, our findings were con-
sistent and significant, regardless of the measurement method. 
Although the increased OR of the group with PWD >150 ms could 
be partially explained by older studies or selection of sicker persist-
ent AF patients, the concurrent results, even by inclusion of only re-
cent studies, designate an exponential relationship that has also been 
seen between PWD and new-onset AF. Due to limited data, com-
parison of the predictive value of PWD with that of LA size was 
not possible. Nevertheless, we found no evidence of publication 
bias and we quantified for the first time the prognostic value of 
PWD for different cut-offs and IAB definitions.

Conclusion
In this updated meta-analysis of 4175 patients, PWD was found to be 
an independent predictor of AFr after CA. This risk is increasing ex-
ponentially with PWD prolongation. Thus, it could facilitate risk strati-
fication by identifying high-risk patients (aIAB, PWD > 150 ms) and 
adjusting follow up or interventions.
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