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Abstract

Background: The P wave peak time (PWPT) is a predictor of paroxysmal atrial
fibrillation (PAF). High-power short-duration ablation has been associated with
improved durability of circumferential pulmonary vein electrical isolation (PVI). We
investigated the effect of high-power short-duration PVI on PWPT in patients with PAF.
Methods: Out of 111 patients with PAF, 91 received radiofrequency ablation (ablation
group) and 20 received medication treatment (control group). A VIZIGO sheath and
an STSF catheter (BiosenseWebster, CA, USA) were used together for high-power short-
duration circumferential PVI at ablation index values of 500 and 400 for the anterior
and posterior walls, respectively. The patients were followed up for 12months.
Results: The preoperative PWPT in the ablation group was similar to that in the
control group: PWPT II= 54.38±6.18ms vs. 54.35± 6.12ms (p> 0.05), PWPT V1=
54.19±6.21ms vs. 54.31± 6.08ms (p> 0.05), respectively. Circumferential PVI
was achieved for all patients in the ablation group during the operation. At the
12-month follow-up, there were seven cases of AF recurrence. The PWPT in the
ablation group 12 months postoperatively was shorter than the preoperative value:
PWPT II= 49.39± 7.11ms vs. 54.38± 6.18ms (p< 0.001), PWPT V1= 47.69± 7.01ms
vs. 54.19± 6.21ms (p< 0.001). The PWPT in the patients with AF recurrence was
significantly longer than that in the non-recurrence patients: PWPT II= 50.48± 7.12ms
vs. 47.33± 6.21ms (p< 0.001), PWPT V1= 50.84± 7.05ms vs. 47.19± 6.27ms,
(p< 0.001). The PWPT of the control group at the 12-month follow-up was similar to
the baseline level: PWPT II= 54.32± 6.20ms vs. 54.35± 6.12ms (p> 0.05), PWPT V1=
53.89±6.01ms vs. 54.31± 6.08ms (p> 0.05).
Conclusion: The results showed that high-power short-duration PVI had a positive
effect on PWPT, which is a predictor of PAF.
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Atrial fibrillation (AF) has a high incidence
and can cause serious consequences such
as thromboembolism, heart failure, and
myocardial ischemia events [1]. In clini-
cal practice, the focus should be not only
on standardized treatment but also on the
early prediction and evaluation of this dis-
ease. PredictionofAF is importantbecause
identifying high-risk patients can support
the close monitoring of these patients,
more aggressive treatment of risk factors,

andevenanticoagulation therapy forhigh-
risk patients without documented AF [2,
3].

As a newly introduced electrocardio-
gram (ECG) parameter in recent years,
P wave peak time (PWPT), can effectively
reflect atrial electrical conduction [4]. The
PWPT represents the time for the con-
duction of the electrical activity from the
sinoatrial node to themaximal summation
of positive deflection from both atria [5].
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Fig. 18Measurement of the Pwave peak time

Fig. 28 Left atria substratemapping andmeasurement.Purple areas indicate normal area andmul-
ticolor areas indicate low-voltage zone. Total area refers to theentire left atrial areaexcept for thepul-
monary veins andmitral valve.Areas aremeasured in the anteroposterior (AP), posteroanterior (PA),
and right lateral and caudal (RL+CAU) positions

A previous study found that prolonged
PWPT is associatednotonlywithno-reflow
in patients with acute coronary syndrome
but also with the occurrence and develop-
ment of paroxysmal atrial fibrillation (PAF)
[5–7]. Hence, PWPT is closely related to
and can be used to predict AF [8].

High-power short-duration ablation
can produce transmural myocardial in-
jury and thus has significantly improved
the long-term effect of pulmonary vein
electrical isolation [1]. The conversion of
AF to sinus rhythm can lead to a reversal
of atrial structure, such as left atrial di-
ameter, which is closely related to PWPT
[7]. This study investigated the impact
of high-power short-duration circumfer-
ential pulmonary vein electrical isolation
on PWPT, a predictor of PAF, aiming to
provide a reference for the prediction and
evaluation of PAF and the selection of
ablation surgical strategies.

Methods

Study population

Patients with PAF who successfully under-
went radiofrequency ablation at the Sec-
ond Affiliated Hospital of Anhui Medical
University from January 2021 to October

2021 were retrospectively included con-
sidering the following inclusion criteria:
(1) age ≥18 years old, (2) ECG evidence
of recurrent AF, (3) AF not respond-
ing to antiarrhythmic drug treatment,
(4) patient underwent left atrial substrate
mapping, and (5) patient underwent
high-power short-duration circumferen-
tial pulmonary vein electrical isolation.
The exclusion criteria were as follows:
(1) valvular AF, (2) thrombus in atrium
confirmed by preoperative esophageal ul-
trasound, (3) anticoagulation contraindi-
cation, (4) coronary atherosclerotic heart
disease, (5) implantation of permanent
pacemaker, (6) heart failure, (7) thyroid
disease, (8) cardiomyopathy, (9)malignant
tumor, (10) pulmonary hypertension, and
(11) electrolyte disorder. On the basis of
these criteria, we enrolled 91 PAF patients
to the ablation group; 20 patients with
PAF who rejected radiofrequency ablation
and received medication treatment were
recruited as the control group.

Thestudyprotocolwasapprovedby the
ethics committee of The Second Affiliated
Hospital of Anhui Medical University. All
patients provided informed consent for ra-
diofrequency ablation in the study group.

Electrocardiography PWPT

A 12-lead ECG (MECG-300, MedEx, Beijing,
China) with an amplitude of 10mm/mv
anda frequencyof 25mm/swasgenerated
while each patient was in the supine po-
sition at rest. The ECG measurement data
obtained were scanned and transmitted
to a computer for accurate evaluation in
Adobe Photoshop software.

According to the surface ECG during si-
nus rhythm, the PWPT in lead II (PWPT II)
and lead V1 (PWPT V1) were averaged from
a series of three consecutivebeats andper-
formed by two independent cardiologists,
each ofwhomwas blinded to clinical infor-
mation (. Fig. 1). We used the machine-
calculated PWPT and roughly verified the
duration manually. The intraobserver and
interobserver variations were <5%. Both
of the cardiologists conducting the sur-
vey ended with the same margin of error.
In the case of any doubt, the two cardi-
ologists would determine the value after
discussion.

Echocardiography

A Siemens SC3000 color Doppler ultra-
sound diagnostic instrument was used to
take the left-side lying position for cardiac
ultrasound examination. The left atrial
diameter was measured continuously for
three cardiac cycles, and the average value
was taken. The left atrial diameter was
measured both before the operation and
12 months after the operation.

Substrate mapping and
radiofrequency ablation

After routine disinfection, draping, and
local anesthesia, a 6-F sheath was in-
serted into the left femoral vein using
the Seldinger method, and a ten-pole
steerable mapping electrode was inserted
into the coronary sinus. The right femoral
vein was punctured twice to place an 8-F
fixed-curve long sheath and a steerable
long sheath, and the atrial septum was
punctured twice with a septal puncture
needle through the long sheaths under
fluoroscopy. The fixed-curve sheath and
the steerable sheathwereplaced in the left
atrium. A star-shaped mapping catheter
(PentaRay®; Biosense Webster, Diamond
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Fig. 38 aPatientswith fewor evenno left atrial low-voltage area;b left atrial low-voltagearea less than20%; cpatientswith
low-voltage area greater than 20%

Bar, CA, USA) was sent along the fixed-
curve long sheath to the left atrium. The
left atrial geometry was reconstructed
using FAM model under the guidance
of Carto 3D electrophysiological map-
ping system (Carto3, Version 6, Biosense
Webster, CA, USA), and the left atrial
voltage was mapped in sinus rhythm.
The Smart Touch Surround Flow (STSF)
ablation catheter (Biosense Webster, CA,
USA) was sent along the steerable sheath
to the left atrium and connected to a ra-
diofrequency pump tube and a pressure
extension tube into which a diluted hep-
arin sodium solution was continuously
pumped. Ablation of the peripheral pul-
monary vein antrum was performed point
by point under the guidance of Carto3
(ablation index values: 500 for the ante-
rior wall and 400 for the posterior wall).
Radiofrequency ablation was performed
using Visitag (Carto VISITAG™ Module,
Biosense Webster, CA, USA) guidance
with catheter stability (2.5mm for 3 s)
and contact force (CF; >3g for 25% of
time) settings. Pulmonary vein activation
mapping and pacing mapping were used
to verify that circumferential pulmonary
vein electrical isolation achieved a bidi-
rectional block. During the procedure,
heparin was delivered to maintain an
activated clotting time between 300 and
350 s.

For the substrate mapping results,
the following colors were used to define
the areas: (1) normal area (purple)—the
bipolar voltage of the adjacent area ex-
ceeded 0.5mV; and (2) low-voltage area
(colored)—the bipolar voltage of the ad-
jacent area was <0.5mV. The area of the
low-voltage area (cm2) and the area of

the left atrium (the entire area of the left
atrium except the pulmonary vein and
mitral valve) were measured using the
Carto system (Carto3, Version 6, Biosense;
. Fig. 2), and the proportion of the low-
voltage area= area of the low-voltage
zone/area of the left atrium. The patients
were counted and classified based on the
limit of 20% load in the low voltage area,
in which greater than 20% indicated that
AF was prone to recur after ablation ([9,
10]; . Fig. 3).

Postoperative follow-up

The patients were regularly followed up in
theoutpatientdepartmentevery6months
within 1 year after the operation. All pa-
tients underwent ECG and dynamic ECG
examination, and the occurrence and fre-
quency of atrial arrhythmiawere recorded.

Statistical analysis

The statistical analysis was performed by
SPSS 25.0 software. The measurement
data are expressed as mean± SD, and the
normality of continuous variables was as-
sessed through the Kolmogorov–Smirnov
test. Data with a normal distribution were
compared through the t test, and non-nor-
mally distributed data were compared by
the Wilcoxon test. Values of p< 0.05 sug-
gest a statistically significant difference.

Results

Baseline data of ablation group and
control group

The clinical characteristics of the ablation
group and control group are presented in
. Table 1. The preoperative PWPT in the
ablation group was similar to that of the
control group— PWPT II: 54.38± 6.18ms
vs. 54.35± 6.12ms, p> 0.05; PWPT
V1: 54.19± 6.21ms vs. 54.31± 6.08ms,
p> 0.05.

Operation and follow-up of ablation
group

All 91 patients achieved circumferential
pulmonary vein electrical isolation during
the operation. At the 12-month follow-
up, there was AF recurrence in seven pa-
tients with a left atrial low-voltage area
load greater than 20%. The remaining
84 patients maintained sinus rhythm, and
their substrate mapping showed that the
left atrial low-voltage area load was less
than 20%.

Comparison of ECG PWPTand left
atrial diameter of ablation group

By comparing the ECG PWPT before and
at 12 months after the operation, we
found that PWPT II (54.38± 6.18ms vs.
49.39± 7.11ms, p< 0.001) and PWPT
V1 (54.19± 6.21ms vs. 47.69± 7.01ms,
p< 0.001) were markedly decreased at
12 months after operation compared
with before operation. By comparing
the left atrial diameter before and at
12 months after operation, we found that
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Table 1 Clinical characteristics of the ablation group and control group
Variables Ablation group

(n= 91)
Control group
(n= 20)

p

Age, years 62.29± 11.57 61.42± 10.14 0.804

Male (%) 49 (53.8) 11 (55) 0.712

Smoking (%) 35 (38.5) 8 (40) 0.703

BMI, kg/m2 24.8± 3.2 24.9± 2.7 0.828

PWPT II (ms) 54.38± 6.18 54.35± 6.12 0.814

PWPT V1 (ms) 54.19± 6.21 54.31± 6.08 0.801

BMI body mass index, PWPT P wave peak time

Table 2 Comparison between preoperative andpostoperative PWPTvalues of ablation group
N= 91 Preoperative Postoperative,

12 months
p

P-wave parameters

PWPT II (ms) 54.38± 6.18 49.39± 7.11 <0.001

PWPT V1 (ms) 54.19± 6.21 47.69± 7.01 <0.001

Left atrial diameter (mm) 40.19± 7.09 36.27± 6.21 <0.001

PWPT II from the beginning of P wave to peak in lead II, PWPTV1 from the beginning of P wave to
peak in lead V1

Table 3 Comparison between recurrence group andno-recurrence group
Variables Recurrence group

(n= 7)
No-recurrence
group
(n= 84)

p

Baseline data

Age, years 62.21± 11.62 62.13± 11.43 0.887

Male (%) 4 (57.1) 45 (53.6) 0.129

Smoking (%) 3 (42.9) 32 (38.1) 0.101

BMI, kg/m2 24.2± 3.3 24.7± 3.7 0.862

Hypertension (%) 3 (42.9) 35 (41.7) 0.764

12months after operation

PWPT II (ms) 50.48± 7.12 47.33± 6.21 <0.001

PWPT V1 (ms) 50.84± 7.05 47.19± 6.27 <0.001

Left atrial diameter (mm) 38.91± 5.41 36.02± 6.09 <0.001

Left atrial low-voltage area load
(%)

21 2 <0.001

BMI body mass index, PWPT II, from the beginning of P wave to peak in lead I, PWPT V1 from the
beginning of P wave to peak in lead V1

the leftatrialdiameter (40.19± 7.09mmvs.
36.27± 6.21mm, p< 0.001) was markedly
decreased at 12 months after the opera-
tion compared with before the operation
(. Table 2).

There were seven patients in the re-
currence group and 84 patients in the
non-recurrence group. There was no
significant difference in the baseline
data between groups for. At 12 months
after the operation, the ECG PWPT
in the recurrence group was signifi-
cantly higher than that in the non-re-
currence group—PWPT II: 50.48± 7.12ms

vs, 47.33± 6.21ms, p< 0.001; PWPT
V1: 50.84± 7.05ms vs. 47.19± 6.27ms,
p< 0.001. By comparing the left atrial di-
ameter between the recurrence and non-
recurrence groups at 12 months after the
operation, we found that the recurrence
group had a larger left atrial diameter
(38.91± 5.41mm vs. 36.02± 6.09mm,
p< 0.001; . Table 3).

Comparison of ECG PWPT of control
group

The PWPT at the 12-month follow-up was
similar with the baseline level—PWPT II:
54.32± 6.20ms vs. 54.35± 6.12ms,
p> 0.05; PWPT V1: 53.89± 6.01ms vs.
54.31± 6.08ms, p> 0.05.

Discussion

The occurrence and development of PAF
is related not only to pulmonary venous
triggers but also closely related to the sub-
strate of the atrium. Clinical practice has
confirmed that patients with PAF and sub-
strate in the low-voltage area are prone to
recurrence after radiofrequency ablation.
Masuda et al. [10] reported that the pres-
ence of left atrial hypotension after pul-
monary vein electrical isolation predicted
the recurrenceofAF inpatientswithpersis-
tent AF and in patients with PAF. Vlachos
et al. [11] showed that an area of the
left atrium with a voltage less than 0.4mV
exceeding 10% of the total left atrial sur-
face area predicted the recurrence of atrial
arrhythmia after pulmonary vein antrum
isolation in patients with PAF. Another
study found that the parameters of the
left atrial structure (i.e., left atrial volume
index) and function (i.e., left atrial emp-
tying fraction and left atrial strain) were
closely related to the degree of left atrial
low-voltage area, inducing and maintain-
ing AF [12].

In recent years, research on the cor-
relation between PWPT and AF has at-
tracted much attention. Numerous stud-
ies have demonstrated that PWPT is an
independent predictor of PAF [13]. In-
creased PWPT represents prolonged intra-
atrial and/or inter-atrial conduction time.
The PWPT can predict an increase in the
left atrial volume index in patients with
diabetes mellitus and patients undergo-
ing hemodialysis [14, 15]. Studies have
found that compared with healthy peo-
ple, patients with PAF have significantly
longer PWPT in lead V1 [16]. Öz et al. [8]
reported that there was a significant rela-
tionship between PWPT in lead II and PAF
in patients with acute ischemic stroke. The
PWPT is not only a marker for the devel-
opment of AF in nonsurgical patients but
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also predicts the development of AF after
coronary artery bypass graft surgery [17].

The strategy of high-power short-dura-
tion quantitative ablation for PAF mainly
uses impedance heat to produce transmu-
ral myocardial injury, which not only can
significantly improve the durability of cir-
cumferential pulmonary vein electrical iso-
lation but can also have a positive effect on
the pulmonary vein antrum [18–20]. The
pulmonary vein antrum can serve as the
substrate for pulmonary vein–left atrial re-
entry and plays an important role in trig-
gering the electrical activity of the pul-
monary vein cuff and maintaining fibrilla-
tion-like conduction [21].

In this study, the use of a VIZIGO sheath
and anSTSF catheter for high-power short-
duration circumferential pulmonary vein
electrical isolation at the ablation index
values of 500 and 400 for anterior and pos-
terior walls, respectively, significantly im-
proved the surgical efficacy. Of the 61 pa-
tients, only five experience recurrence dur-
ing a 12-month follow-up after ablation.
More importantly, the PWPT on ECG, a pre-
dictorofPAF, showedthat theoverall PWPT
of the patients at 12 months after the op-
eration was significantly shorter than that
before the operation. The main reason
for this is related to the reversal of atrial
electrical and structural remodeling after
converting AF to sinus rhythm [22, 23].
Moreover, in this study, reverse remodel-
ing of the atrium (reduced left atrial di-
ameter) evidenced by echocardiography
confirmed the effect of the operation.

For the recurrent AF group in this study,
we found that the PWPT and left atrial
diameter were significantly higher than
those in the non-recurrent group. The
main reason for this is related to the load
in the low-voltage area of the left atrium.
The greater the load in the low-voltage
area, the higher the risk of AF recurrence
[24]. Recurrence of AF leads to progres-
sion of atrial remodeling, which can be
characterized by an increase in left atrial
diameter and ECG PWPT. In fact, in this
study, the low-voltage load in the recur-
rent group was significantly higher than
that in the non-recurrent group. On the
other hand, it is supported that PWPT is
closely related to the low-voltage area of
the left atrium.

Limitations

First, the ECG PWPT was measured manu-
ally, whichmay inevitablyhaveerrors. Sec-
ond, the sample size was relatively small;
the follow-up period was also relatively
short, which may have affected the eval-
uation of the surgical effect. Finally, this
was a single-center data analysis study,
and the findings need to be confirmed
by multicenter clinical studies with a large
sample.

Conclusion

The results of our study showed that high-
power short-duration pulmonary vein elec-
trical isolation had a positive effect on Pwave
peak time, which is predictor of PAF.
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Zusammenfassung

Auswirkung der Hochenergie-Kurzzeit-Pulmonalvenenisolation auf die
PWPT als einem Prädiktor des paroxysmalen Vorhofflimmerns

Hintergrund:Die Zeitdauer vomBeginn bis zumGipfel der P-Welle („Pwave peak time“,
PWPT) ist ein Prädiktor des paroxysmalen Vorhofflimmerns (PVF). Die Hochenergie-
Kurzzeit-Ablation wurde mit einer besseren Dauerhaftigkeit der zirkumferenziellen
elektrischen Pulmonalvenenisolation (PVI) in Verbindung gebracht. In der vorliegenden
Arbeit wurde die Auswirkung der Hochenergie-Kurzzeit-PVI auf die PWPT bei Patienten
mit PVF untersucht.
Methoden: Von 111 Patienten mit PAF erhielten 91 eine Behandlung mittels
Radiofrequenzablation (Ablationsgruppe) und 20 eine medikamentöse Therapie
(Kontrollgruppe). Ein VIZIGO-Schleuse (Fa. Biosense Webster, Irvine, CA, USA) und ein
Smart-Touch-Surround-Flow(STSF)-Katheter (Fa. Biosense Webster) wurden zusammen
für die zirkumferenzielle Hochenergie-Kurzzeit-PVI mit Ablationsindexwerten von 500
bzw. 400 für die Vorder- und Hinterwand verwendet. Die Patienten wurden 12 Monate
lang nachbeobachtet.
Ergebnisse: Die präoperative PWPT in der Ablationsgruppe war ähnlich wie die in der
Kontrollgruppe: PWPT II= 54,38± 6,18ms vs. 54,35± 6,12ms (p> 0,05) bzw. PWPT
V1= 54,19± 6,21ms vs. 54,31± 6,08ms (p> 0,05). Bei sämtlichen Patienten in der
Ablationsgruppe wurde eine zirkumferenzielle PVI während der Operation erzielt.
Beim 12-Monats-Follow-up gab es 7 Fälle mit Wiederauftreten des VF. Die PWPT in
der Ablationsgruppe war 12 Monate postoperativ kürzer als der präoperative Wert:
PWPT II= 49,39±7,11ms vs. 54,38± 6,18ms (p< 0,001); PWPT V1= 47,69± 7,01ms vs.
54,19± 6,21ms (p< 0,001). Die PWPT bei den Patienten mit VF-Rezidiv war signifikant
länger als die bei den Patienten ohne VF-Rezidiv: PWPT II= 50,48± 7,12ms vs.
47,33± 6,21ms (p< 0,001); PWPT V1= 50,84± 7,05ms vs. 47,19± 6,27ms; (p< 0,001).
In der Kontrollgruppe war die PWPT beim 12-Monats-Follow-up ähnlich wie der
Ausgangswert: PWPT II= 54,32±6,20ms vs. 54,35± 6,12ms (p> 0,05); PWPT V1=
53,89±6,01ms vs. 54,31± 6,08ms (p> 0,05).
Schlussfolgerung: Den Ergebnissen zufolge hat die Hochenergie-Kurzzeit-PVI positive
Auswirkungen auf die PWPT, die einen Prädiktor für PVF darstellt.
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