P wave duration in paroxysmal and persistent atrial fibrillation
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Abstract

Background. Functional and structural changes in the atrial muscle constitute a substrate for atrial fibrillation
(AF). The pathological changes in the left atrium decrease the conduction velocity and result in prolongation
of the P wave duration.

Objectives. To assess the duration of the P wave in patients with AF in different clinical presentations
of arrhythmia.

Material and methods. The study group consisted of 119 patients diagnosed with AF: 57 women and
62 men, aged 65.3 +9.4 years. There were 65 patients with paroxysmal AF and 54 with persistent AF. In this
group, electrical cardioversion was performed. The P wave duration was measured using an electrophysi-
ological system in all leads at a paper speed of 200 mm/s.

Results. The patients did not differ in terms of age, gender or comorbidities. The patients with persistent AF
had longer P wave duration (1599 £22.3 ms compared to 144.6 £17.2 ms; p < 0.001) and higher glucose
concentration (1194 £334 mg/dL compared to 108.0 24.6 mg/dL; p = 0.015). These results were not
influenced hy the anti-arrhythmic treatment.

Conclusions. Persistent AF shows a longer P wave duration than the paroxysmal AF, independent of age, gen-
der and anti-arrhythmic medication. The prolongation of the P wave related to persistent arrhythmia should
force physicians to restore the sinus rhythm earlier in order to more successfully maintain it in the long term.
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Introduction

Atrial fibrillation (AF) is an arrhythmic consequence
of multiple pathological processes leading to function-
al and structural changes in the atrial muscle.l? Among
the major pathologies leading to this arrhythmia, hyper-
tension, coronary artery disease (CAD), and subsequent
heart failure (HF) play the main roles. Despite treating
both atria as a substrate of AF, it is clinically assumed that
this arrhythmia occurs mainly due to left atrial patholo-
gies, primarily due to the higher workload it needs to cope
with as a consequence of the higher left ventricular resis-
tance (LVR). These diseases cause changes in the structure
of the atrial muscle through death and apoptosis of car-
diomyocytes, contributing to stromal fibrosis. This affects
the generation of arrhythmia foci, local potential frag-
mentation and possible re-entry loops. However, the main
consequence visible in echocardiography is the left atrial
enlargement.

Furthermore, AF is caused by other arrhythmias, such
as multiple atrial extrasystole, atrial focal tachycardia
or atrial flutter.3~> Whether they are constant or paroxys-
mal, they lead to electrophysiological changes in the action
potential — usually a shortening of the refractory period,
the local intensity of which may differ. This is manifested
by the heterogeneity of the repolarization process. Repo-
larization disorders lead to functional conduction distur-
bances, which — superimposed on the structural changes
and conduction slowing associated with cardiomyocyte de-
pletion — intensify the re-entry phenomenon and promote
the maintenance and persistence of arrhythmias. These
pathologies have an impact on the electrocardiographic
(ECQ) picture of atrial muscle depolarization, depicted
by the P wave of the electrocardiogram. With the dura-
tion and progression of functional and structural changes,
the duration of the P wave is prolonged, making it a risk
factor for AF.

An interesting and clinically important issue is the pos-
itive relationship between the AF paroxysm and the ten-
dency of the arrhythmia to persist, which was reflect-
ed in the phrase “AF begets AF” coined by Wijffels et al.”
Rapid atrial arrhythmias affect the functional changes
in the process of atrial muscular repolarization and, above
all, induce heterogeneity of refraction duration by the for-
mation of local blocks and slow conduction zones.® In addi-
tion, AF episodes lead to left atrial enlargement, most likely
due to an increase in filling pressure, but also due to blood
retention and functional mitral regurgitation. All of these
processes over time lead to the paroxysmal AF becoming
persistent, until finally the decision is made to leave the ar-
rhythmia in a permanent form.®?

All of these issues indicate the need for complex sys-
temic treatment and prevention of AF paroxysms. An im-
portant aspect is to reduce the duration of individual ep-
isodes using pharmacological or electrical conversion
to a sinus rhythm. Prolonged arrhythmia paroxysms lead
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to a deepening of functional and anatomical changes,
so it is likely that patients with persistent AF after sinus
rhythm restoration have a longer P wave duration than pa-
tients with the paroxysmal form of the arrhythmia.

The aim of the study was to assess P wave duration
in patients with AF in different clinical presentations
of the arrhythmia.

Material and methods

The study group consisted of 119 patients diagnosed
with AF. The group consisted of 57 women and 62 men,
aged 65.3 +9.4 years. The essential comorbidities were
reported. There were 65 patients with paroxysmal AF
(AF group) who had a sinus rhythm during examination,
and 54 patients with persistent AF. In this group, electri-
cal cardioversion was performed to restore a sinus rhythm
(CV group). Any antiarrhythmic medication, including
[B-blockers, propafenone and amiodarone (combination
therapy as well), was also recorded. As the exact duration
of the arrhythmia episodes was not possible to recollect,
we only included those patients with persistent AF last-
ing 2—-24 weeks.

The P wave duration was measured using a LabSystem™
Pro EP Recording System (Boston Scientific, Boston, USA),
where the ECG tracings allowed the sinus P waves to be as-
sessed. The P wave duration was measured precisely in all
leads at a paper speed of 200 mm/s and an enhancement
of 64-128. To avoid any influence of accidental inaccura-
cies, all measurements were repeated 5 times and the mean
value was taken as the result.

In patients with the persistent form of AF, the direct cur-
rent cardioversion was performed as a standard clinical
procedure under general anesthesia using 1 mg/kg of pro-
pofol and 50 g of fentanyl, administered intravenously.
A single shock of 300 ] was successful in all patients.

The study protocol was approved by the local Bioethi-
cal Committee at Wroclaw Medical University, Poland.

Statistical analysis

The statistical analysis was performed using STATIS-
TICA v. 13.3 (StatSoft, Inc., Tulsa, USA). P-values less than
0.05 were considered statistically significant.

For quantitative variables, basic descriptive statistics were
calculated (M — average, SD — standard deviation, Me — me-
dian, Q1 — lower quartile, Q3 — upper quartile, Min — mini-
mum value, and Max — maximum value) and the compliance
of their distributions with a theoretical normal distribution
was checked using the Shapiro—Wilk W test. Comparisons
were performed with Student’s t-test or the Mann—Whit-
ney U test for independent groups, or Kruskal-Wallis anal-
ysis of variance (ANOVA) for multiple comparisons. Each
categorical variable is presented as numbers and percent-
ages. The comparisons were performed with the x? test.
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The correlations between the parameters were checked
using Spearman’s rank correlation coefficient according
to the statistical properties of the data.

The receiver operating characteristic (ROC) was used
to assess the ability of P wave duration to classify disease
status. Based on the results of examination and ROC anal-
ysis, a cutoff threshold for P wave duration was calculated
for the AF and CV groups.

Results

The demographic and clinical characteristics of the study
participants are presented in Table 1.

The P wave duration did differ significantly between
the 2 groups, lasting longer in patients with the persis-
tent form of arrhythmia. The same applied for fasting glu-
cose concentration. The details are presented in Fig. 1.
The P wave duration was significantly longer in pa-
tients with chronic kidney disease (CKD). The results are
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presented in Fig. 2. Moreover, there was a weak but sta-
tistically significant correlation between the mean P wave
duration and creatinine concentration. The results are de-
picted in Fig. 3.

The upper and lower limits of 95% confidence interval
(95% CI) are greater than 0, i.e., the correlation is positive
and statistically significant (p < 0.05). The increase in cre-
atinine concentration was accompanied by an increase
in P wave duration.

However, no statistically significant relationship was
observed between the dosage of propafenone and the du-
ration of the P wave. Spearman’s rank correlation cohort
rho does not differ significantly from 0 (the upper and low-
er limits of the 95% CI differ in sign, i.e., they contain 0;
p > 0.05). This conclusion applies to both the entire sam-
ple of patients and to the AF and CV groups separately.

There were no correlations between P wave duration and
propafenone treatment (dosage) among all patients, nor
in AF and CV groups. The results are depicted in Fig. 4.
The basic statistics of P wave duration in the groups
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Fig. 1. Glucose level and average P wave duration in groups of patients according to the type of AF and the results of significance tests
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Fig. 2. The average P wave duration in groups of patients according
to the presence of CKD and the results of significance tests
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Fig. 3. Correlation diagram of average P wave duration with creatinine
level and Spearman’s rank correlation coefficient and its 95% Cl
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Table 1. Clinical characteristics of the total population and the comparisons of 2 groups of studied patients

Parameter
n =119 (100%) n =65 (54.6%) n = 54 (45.4%)
Mean age [years] 65.3+94 65.0+8.9 65.6 £10.1 0.712
Male/female 62/57 34/31 28/26 0.893
Comorbidities:
HT 89 (74.8%) 48 (73.8%) 41 (75.9%) 0.962
DM 25 (21.0%) 12 (18.5%) 13 (24.1%) 0.601
CKD 9 (7.6%) 6 (9.2%) 3 (5.6%) 0.509
IHD 21 (17.6%) 12 (18.5%) 9 (16.7%) 0.989
HF 11(9.2%) 3 (4.6%) 8 (14.8%) 0.065
Laboratory:
K+ [mmol/L] 445 +0.44 442 +043 449 +£0.45 0.446
Glucose [mg/dL] 1133 £294 108.0 £24.6 1194 £334 0.015
Creatinine [mg/dL] 1.05+0.28 1.01 +£0.22 1.09 £0.34 0.340
Medicines:
Propafenone 43 (36.1%) 19 (29.2%) 24 (44.4%) 0.126
Amiodarone 17 (14.3%) 9 (13.8%) 8 (14.8%) 0910
Bisoprolol 22 (18.5%) 12 (18.5%) 10 (10.5%) 0.819
Metoprolol 86 (72.3%, 44 (67.7%) 42 (77.8%) 0.309
Mean P wave duration [ms] 151.5+21.0 1446 £17.2 1599 +223 <0.001

HT — arterial hypertension; DM — diabetes mellitus; CKD — chronic kidney disease; IHD — ischemic heart disease; HF — heart failure.
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Fig. 4. Correlation diagram of average P wave duration with creatinine level and Spearman’s rank correlation coefficient and its 95% Cl
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Table 2. Basic statistics of the average P wave duration in the study group according to the analyzed parameters and the results of significance tests

Mean P wave duration [ms]

Variables
Group
AF (n=65) 1446 £17.2
CV(n=54) 159.9 £22.3
Gender
Male (n =62) 1494 +20.2
Female (n=57) 153.8+£21.8
Age [years]
<65(n=52) 149.3 £21.7
>65 (n=67) 153.3 £20.5
HT
Yes (n = 89) 1544 +21.7
No (n =30) 1429 +16.2
DM
Yes (n=25) 151.8£219
No (n =94) 151.5+209
CKD
Yes (n=9) 1706 £13.5
No (n=110) 150.0 £20.8
IHD
Yes (n=21) 154.7 £22.8
No (n =98) 150.9 £20.7
HF
Yes(n=11) 156.8 +24.7
No (n =108) 151.0 £20.7
Propafenone
Yes (n=43) 15324220
No (n = 76) 150.6 £20.5
Amiodarone
Yes (n=17) 1503 +17.8
No (n=102) 151.7 £21.6
Metoprolol
Yes (n = 86) 151.2£209
No (n = 33) 1523 £21.7
Bisoprolol
Yes (n=22) 1476 £17.7
No (n=97) 1524 £21.7

Me [Q1, Q3] min-max
141 [133; 154] 116-196 <0.001
159 [139; 174] 126-216
147 [134;162] 116-206 0.273
145 [139; 167] 118-216
141 [136; 161] 117-216 0.193
150 [139; 167] 116-199
150 [139; 168] 116-216 0.008
139[132;151] 117-199
145[139;172] 116-190 0.891
147 [138; 163] 117-216
172 [163;182] 150-185 0.002
143 [137;162] 116-216
151 [139;177] 116-186 0.397
145 [137;162] 117-216
160 [139; 182] 116-192 0.361
145 [137;163] 117-216
148 [139; 163] 117-216 0519
145 [136; 164] 116-199
150 [141; 160] 116-182 0.796
144 [137;167] 117-216
148 [138; 163] 116-216 0.974
141 [137;170] 123-198
144 [139; 156] 125-199 0453
148 [138; 167] 116-216

HT — arterial hypertension; DM — diabetes mellitus; CKD — chronic kidney disease; IHD — ischemic heart disease; HF — heart failure.

of patients differing according to the analyzed parameters
and the results of significance tests are presented in Table 2.

In ANOVA, it turned out that P wave duration has
a statistically significant relationship with diagnosis
(AF group = 0; CV group = 1) as well as hypertension and
CKD. Due to the possibility of a strong correlation between
these parameters, a multifactorial (progressive, stepwise)
regression analysis was performed. As a result, the follow-
ing model was obtained:

Mean P wave duration = 120.3 + 15.8 x CV + 20.2 x CKD
+9.0x HT + 18.5

The factors (stimulants) of longer P wave duration turned
out to be membership in the CV group and the pres-
ence of CKD and hypertension. All structural parame-
ters of the model are statistically significant (p < 0.0001):
F (3,115) = 12.6; p < 0.001.

The duration of the P wave can be regarded as a param-
eter by which patients can be classified into the CV or AF
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Cut-off: P wave duration > 148 ms
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Fig. 5. ROC curve for P wave duration; cutoff value between patients from
the CV and the AF groups; the sensitivity and specificity of the test and
the AUC and its 95% Cl

group. Analysis of the ROC curve showed that for the cut-
off value of P wave, duration was lower than 148 ms, the di-
agnostic sensitivity of the test was 67.7%, the specificity
66.7%, and the area under the ROC curve (AUC) was 0.700.
This is not a sensational result, but the lower confidence
limit for AUC is 0.609 and is greater than 0.5, which indi-
cates the diagnostic usefulness of this parameter. Accord-
ing to the literature, if the AUC is in the range of 0.7-0.8,
the classifier is satisfactory. The graph is shown in Fig. 5.

Discussion

The duration of the P wave is a result of the conduction
velocity in the atrial working myocardium and the dis-
tance the electrical activation has to travel. Functional
and structural changes in the atrial muscle affect both
of these parameters — they slow down conduction velocity
and extend the path to be traveled due to the enlargement
of the atria. This results in a longer P wave duration and
a change in its morphology. The same changes in struc-
ture and function are responsible for generating atrial ar-
rhythmias, including AF.® Additionally, the ongoing ar-
rhythmia leads to a progression of the abovementioned
changes. In particular, the enlargement of the left atrium
is clearly associated with an increase in the filling pressure
of the left ventricle and likely dependent on the ventricu-
lar rate.!® Data on the effect of AF on muscle conduction
is more scarce and less consistent.!!

M. Unkell et al. P wave duration in atrial fibrillation

The main finding of our study is the longer duration
of the P wave in patients with average long-term persistent
AF compared to patients with paroxysmal arrhythmia and
sinus rhythm at the time of the study. The degree to which
the P wave duration was extended (about 10%) is not only
statistically significant, but clinically as well. It should be
emphasized that the P waves measured in both groups
markedly exceed the normal values of 120 ms (144.6 ms
in AF group compared to 159.9 ms in CV group). Simi-
lar comparisons are not numerous in the available liter-
ature.'>”13 As our subgroups of patients suffering from
paroxysmal and persistent AF are comparable according
to age and gender distribution, comorbidities and anti-
arrhythmic medication, it indicates that this additional
prolongation was caused only by the presence of the pro-
longed episodes of arrhythmia. Our measurements were
not performed immediately after the cardioversion shock,
so the influence of direct current can be ignored. Addi-
tionally, in 1 small study, the direct current flow during
cardioversion had little or no effect on the P wave dura-
tion immediately after the procedure and on the next day.*

Even if diabetic patients were not frequently presented
in our study group, there was a noticeable difference be-
tween diabetics and non-diabetics in terms of P wave du-
ration. Those with diabetes mellitus (DM) were observed
to have a longer P wave than participants without it. This
is in line with other clinical observations even the direct
evidence lacks in human. Diabetes is presumed to be a risk
factor for AF; the topic has been reviewed quite often. A me-
ta-analysis of different cohort and case control studies in-
vestigating the correlation between DM and AF showed
that individuals with DM had a 40% greater risk of AF than
unaffected individuals.!> There is sparse literature to be
found about DM leading to electrical changes of the atri-
al substrate.'® In an experimental setting of DM, it was as-
sociated with increased atrial fibrosis, interatrial conduc-
tion delay and greater inducibility of AF.'” Another animal
study confirmed those results with additional interesting
observations of P wave prolongation in diabetic rats with-
out left atrial enlargement, which the authors attributed
to diabetic changes in the gap junction protein, Cx.!® Simi-
lar outcomes were obtained in patients with impaired fast-
ing glucose levels leading to significantly longer interatrial
conduction times and, in consequence, decreased left atri-
al emptying volume and fraction.”

In another subgroup of our patients, CKD was found
to be a predictor of longer P wave duration. In the liter-
ature, some studies have made an association between
maximum P wave duration and an exacerbation of the re-
nal condition until the defined endpoints of hemodialysis,
death or a specified decline in estimated glomerular filtra-
tion rate (eGFR).2>?! Based on our results, it could be as-
sumed that a reciprocal influence of CKD on P wave dura-
tion is occurring as well, possibly because of a simple fluid
overload. Referring to the patients included in our study,
only a small number of patients (9 (7.6%)) presented with
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CKD as a comorbidity, but it was discovered to be statisti-
cally significantly related to P wave duration. This requires
further investigation in other studies which would not be
distorted by the small number of CKD patients. Atrial fi-
brillation is frequently described together with renal dys-
function, mainly as a preceding comorbidity, but no evi-
dence has been found supporting the notion of CKD being
the cause of AF. Nevertheless, our results indicate such
a possibility, making the subject worthy of study.

Anti-arrhythmic medication influences the electrophys-
iological properties of the working myocardium, in par-
ticular the conduction speed and refractory period, which
could influence P wave duration. The results of our study
do not support this idea. Amiodarone is a class III anti-
arrhythmic agent acting mainly as a potassium channel
blocker. The drug prolongs refractory period and atrial re-
polarization. It has been shown to be effective in maintain-
ing a sinus rhythm and preventing arrhythmia episodes
in patients with paroxysmal AF. Although in 1 small study
the researchers reported an amiodarone-related increase
in P wave duration, it was a narrow, experimental animal
study and the conditions were not comparable to the si-
nus rhythm in humans, which was present in our study.?
The relationship between P wave duration and amioda-
rone administration was similarly negated in a study con-
ducted by Sasaki et al.?

In contrast to amiodarone, treatment with a sodium
channel blocker could theoretically influence the P wave
duration. Propafenone is an IC class agent which blocks
the fast sodium channels, slowing down the conduction
velocity in the working myocardium. According to litera-
ture data, there is no direct relationship between the dos-
age of propafenone and P wave duration, though the same
study confirmed a weak correlation between treatment
with propafenone and a prolongation of P wave duration.?*
Our data does not confirm this finding. It should be noted,
however, that our group of patients treated with propafe-
none was not very large.

Based on our results, the theoretical model resulting
from ROC curves indicates an estimated P wave duration
which differentiates patients between sinus rhythm and
persistent AF groups. This approach has not been pre-
sented in the literature so far, so our value of P wave du-
ration (148 ms) can only be referred to studies indicating
the importance of this parameter in the prediction of si-
nus rhythm maintenance after electrical cardioversion.
In 1999, Aytemir et al. investigated the P wave signal-av-
eraged ECG in 73 patients after successful cardioversion.
During the six-month follow-up period, a recurrence of AF
was observed in 31 patients, while in 42 patients, a sinus
rhythm was maintained. The researchers found no differ-
ence between the groups according to gender, age, presence
of organic heart disease, left atrial diameter, left ventric-
ular ejection fraction, use of antiarrhythmic drug, or du-
ration of AF. The filtered P wave duration was statistical-
ly significantly longer in patients with a recurrence of AF
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(138.4 ms compared to 112.5 ms). A filtered P wave duration
of 128 ms had a sensitivity of 70% and a specificity of 76%
for the detection of AF recurrence.?> On the other hand,
in a study by Perzanowski et al. the maximum P wave du-
ration did not differentiate patients who remained in sinus
rhythm or experienced a recurrence of arrhythmia (142 ms
compared to 145 ms; p-value not significant).2® As the au-
thors did not mention their methodology of P wave dura-
tion measurement, it should be assumed that they used
a simple, standard 12-lead ECG without any more precise
equipment. This lack of precision could have been the cause
of their results. In a study by Gonna et al., a 12-lead ECG
was recorded after electrical cardioversion for persistent
AF in 77 patients and was repeated after 1 month. Com-
pared with the sinus rhythm group, the group with recur-
rent AF had more patients with a P wave duration that
exceeded 142 ms. Using a cutoff <142 ms for P wave dura-
tion, the authors showed a sensitivity of 64.6% and a spec-
ificity of 62.1% for sinus rhythm maintenance. In multiple
regression analysis, a P wave duration longer than 142 ms
was the only independent predictor of AF recurrence.?’
The abovementioned considerations indicate unequivo-
cally that the prolongation of the P wave is clearly a risk
factor for paroxysm of AF and for more advanced stag-
es of arrhythmia, which is in line in our results. More-
over, we have produced evidence which supports the pre-
vious findings in different settings. Regarding the higher
values of P wave duration obtained in this study, it should
be remembered that the precise methodology used in our
study is qualitatively different from that of other research-
ers.20?” This is because a few years ago we confirmed
the lack of P wave dispersion that was reported in some
of the abovementioned papers, which is related to the in-
accuracy of the measurements.?

In summary, ongoing AF in the form of a moderately long,
persistent arrhythmia has a negative impact on structur-
al and functional atrial remodeling. This occurs indepen-
dently of age, gender and type of anti-arrhythmic treatment,
it but may be somewhat related to certain comorbidities.

Study limitations

An important limitation of our study is its single-center
design and relatively small study group. In addition, this
is not a prospective clinical study indicating the relation-
ship between ECG parameters and long-term prognosis.
As our measurement method — an electrophysiological re-
cording system — is extremely precise, we are aware that
our results cannot be directly compared to those of oth-
er authors. We previously mentioned that the duration
of the persistent form of arrhythmia cannot be exactly es-
timated. Because our hypothesis is that the longer P wave
duration is mainly related to AF itself, this should be as-
sumed as the main limitation of our study, even if the lit-
erature data contradict the correlation between arrhyth-
mia duration and P wave prolongation.**
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Conclusions

Persistent AF shows a longer P wave duration than
the paroxysmal form of arrhythmia, independent of age,
gender and anti-arrhythmic medication. The prolongation
of the P wave related to persistent arrhythmia should com-
pel physicians to restore a sinus rhythm earlier to more
successfully maintain it in the long term.
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