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Introduction
Advances in catheter ablation have revolutionized the management 

of symptomatic atrial fibrillation (AF). Despite current progress 
in ablation strategies, its invasive nature and risk of rare but life-
threatening complications limits its use to patients with drug 
refractory symptomatic AF. Antiarrhythmic drugs (AAD) are proven 
to be more effective than placebo in conversion and maintenance of 
normal sinus rhythm (NSR) in AF[1]. They also alleviate symptoms, 
facilitate electrical cardioversion and decrease the risk of recurrence 
of AF [2][4]. Class I AADs though effective, have high proarrhythmic 
potential in patients with structural heart disease [5],[6]. Amiodarone 
is the most effective AAD, but its use is limited by a myriad of 
non-cardiac side effects [7],[10]. Dofetilide (DF) and Sotalol (SL) 
on contrary have minimal non-cardiac side effects. DF, a class III 

antiarrhythmic agent, acts by blocking rapid component of delayed 
rectifier potassium current (IKr). It increases action potential duration 
due to delayed repolarization and prolongs QT interval because 
of prolongation of effective and functional refractory period of the 
His-Purkinje system and the ventricles. Sotalol on the other hand 
exhibits both class II and class III antiarrhythmic effects by non-
selective beta blockade and blocking rapid component of delayed 
rectifier potassium channels respectively. It shows class II properties 
at relatively low doses (as low as 25mg/day) and class III effects at 
higher doses (>160mg/day).

 In view of QT prolongation and proarrhythmogenic potential of 
Dofetilide 2014 ACC/AHA guidelines recommend inpatient drug 
initiation with close electrocardiographic monitoring [11]. Earlier 
recommendations for Sotalol loading favored inpatient initiation 
if risk factors for arrhythmias were present[2]. Newer guidelines 
however are not quite clear on this [11]. As a result of lack of data 
supporting the safety of outpatient initiation of Sotalol some experts 
prefer inpatient initiation with electrocardiographic monitoring. 

Currently there is limited data directly comparing these two 
agents in AF populations. We sought to investigate the safety and 
efficacy of inpatient initiation of Dofetilide compared to Sotalol for 
symptomatic AF.
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Abstract
Background: We sought to investigate and compare the safety and efficacy of two commonly used antiarrhythmic drugs, Dofetilide (DF) 

and Sotalol (SL), during inpatient drug initiation in patients with symptomatic atrial fibrillation (AF).
Methods: We performed a single center retrospective study of consecutive patients, admitted for initiation of either DF or SL, for AF 

between 2012 and 2015. Rates of successful cardioversion, QT interval prolongation, adverse events and drug discontinuations were 
calculated and compared. A two-tailed p value less than 0.05 was considered statistically significant.

Results: Of 378 patients, 298 (78.8%) received DF and 80 (21.2%) SL, mean age was 64 ± 11 years, 90% were Caucasians and 66% 
were males. Among the patients who remained in AF upon admission (DF: 215/298 (72%) vs. SL: 48/80 (60%)), no significant differences 
were noted in pharmacological cardioversion rates (DF: 125/215(58%) vs. SL: 30/48 (62.5%); p = 0.58). Baseline QTc was similar between 
the groups, with higher dose dependent QTc prolongation with DF (472.25± 31.3 vs. 458± 27.03; p = 0.008). There were no significant 
differences in the rates of adverse events such as bradycardia (7.4% vs. 11.3%; p = 0.26), Torsades de pointes (1.3% vs. 1.2%; p = 1.00), and 
drug discontinuation (9.0% vs. 5.0%; p = 0.47) between the two groups.

Conclusions: In our large, single center experience, we found that the use of Dofetilide resulted in significantly higher QTc without 
differences in the rates of successful cardioversion, adverse events, and drug intolerance when compared to Sotalol in AF patients.
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Methods
Study Population
  We retrospectively screened consecutive patients with symptomatic 
AF who were admitted to our institution for initiation of Dofetilide 
or Sotalol for rhythm control from 01/2012 to 12/2015. Patients 
were included if they underwent initiation of oral formulation of 
either Dofetilide or Sotalol, had an electrocardiogram at baseline and 
2-3 hours after each dose of AAD. Patients with cardiac implantable 
electronic device (CIED), prior bradyarrhythmias, prior ventricular 
arrhythmias requiring AAD, and atrial arrhythmias who failed either 
prior AAD or catheter ablation were excluded from the final analysis.
Dosing
Patients were dosed according to University of Kansas Medical 
Center protocol for inpatient initiation of Dofetilide and Sotalol. 
Patients CrCl and QTc (or QT interval if heart rate is <60 beats/
minute) were checked ≤24 hours prior to first dose. If baseline QTc 
is >480 msec (>500 msec in patients with ventricular conduction 
abnormalities) drugs were contraindicated. If baseline QTc is 
between 440- 480 msec, physician was notified and medication was 
dispensed based on his/her discretion.
Dofetilide (Tikosyn®)

Patients with QTc <440 msec, CrCl > 60 mL/min were started on 
Dofetilide 500mcg BID. For patients with CrCl between 40 mL/
min - 60 mL/min and 20 mL/min - 39 mL/min, initial Dofetilide 
dose was reduced to 250 mcg BID and 125 mcg BID respectively. If 
CrCl < 20 ml/min, Dofetilide was contraindicated. A 12 lead EKG 
was repeated 2-3 hrs after each dose. If QTc increases to more than 
15% above baseline QTc or if the QTc is >500 msec (>550 msec 
in patients with ventricular conduction abnormalities), Dofetilide 
dose was reduced by 50%. If QTc is still excessively prolonged after 
one dose reduction, Dofetilide therapy was discontinued. Telemetry 
monitoring was continued for a minimum of three days (at least 
5 doses) or 12 hours after conversion to normal sinus rhythm, 
whichever is longer.
Sotalol (Betapace®)

Patients with QTc <450, CrCl > 60 were started on Sotalol 80 
mg twice daily. If the initial dose does not reduce frequency or 
relapse of AF and excessive QTc prolongation did not occur after 
3 days, the dose was increased to 120 mg twice daily; may further 
increase to a maximum dose of 160 mg twice daily if response is 
inadequate and QTc prolongation is not excessive. If CrCl 40-59 ml/
min dosing is changed to every 24hrs. If CrCl<40 ml/min, Sotalol is 
contraindicated. A 12 lead EKG was repeated 2-3 hrs after each dose. 
If the QTc increases to more than 15% above baseline or if the QTc 
is >500 msec (>550 msec in patients with ventricular conduction 
abnormalities), Sotalol dose was reduced to the next dosage down. 
Telemetry was continued for a minimum of three days (at least 5 
doses).
Study Outcomes

The primary safety endpoints of the study include QTc Interval 
prolongation with each dose, rates of adverse events (Bradycardia, 
Sinus node arrest (SNA), High grade AV block (AVB), New onset 
premature ventricular contractions (PVCs), Nonsustained ventricular 
tachycardia (NSVT), Torsades de pointes (TdP), Ventricular 
fibrillation (VF)) and drug discontinuation during hospitalization.

Bradycardia was defined as ventricular rate less than 60 beats per 
minute (bpm) while awake, SNA was defined as sinus pauses of 2 

seconds or more while awake, High grade AVB was defined as either 
Mobitz type 2 second degree AVB or third degree AVB (complete 
heart block). Indication for drug discontinuation was left to 
discretion of the treating physician and is usually due to QTc interval 
exceeding 500 milliseconds despite dosage adjustments, significant 
bradyarrhythmias either resulting in symptoms or requiring 
pacemaker, or new onset ventricular arrhythmias as detailed above.

The primary efficacy end point of the study was rate of chemical 
cardioversion, defined as conversion of underlying AF to NSR after 
at least two doses of AAD.
Data measurements

Baseline demographics; medical history; medication use, renal 
function, baseline potassium, magnesium levels, left ventricle 
ejection fraction (LVEF) and left atrial size on 2D transthoracic 
echocardiography were obtained from the electronic medical records. 
Data on QT interval prolongation, adverse events as detailed above, 
and successful chemical cardioversion were obtained from the serial 
electrocardiograms performed during hospitalization.
Statistical Analysis

Continuous variables are expressed as mean ±standard deviation 
(SD) if variables are normally distributed, and median (interquartile 
range) when deviations from normality were present. Categorical 
variables are expressed as counts and percentages. Categorical 
variables were compared between the groups using chi-squared test 
or fisher’s exact test. Continuous variables were compared using 
independent sample t test. A two tailed p value less than 0.05 was 
considered statistically significant. Statistical analysis was performed 
using IBM SPSS Statistics version 23.0 (IBM, Armonk, New York).
Results

Out of 378 patients, 298 (78.8%) received Dofetilide, and 80 
(21.2%) received Sotalol. The cohort had mean age of 64 ± 11 years; 
90% were Caucasians; 66% were males; 61.6% had paroxysmal AF 
and 41.1% were on AV nodal blockers for rate control. Patients who 
received Sotalol had higher proportion of patients with coronary 
artery disease (DF vs. SL: 31.2% vs. 51.2%; p = 0.001), ACE 
inhibitor/ARB use (DF vs. SL: 55.5% vs. 70%; p = 0.01) and NSR 
up on admission (DF vs. SL: 27.8% vs. 40%; p = 0.03). No other 
significant differences were observed in the baseline characteristics 
between the two groups [Table 1].
Dosing

Of the 298 patients who received DF, 200 were on a stable dose 
during admission. Of these, 158 patients received 500mcg BID, 
40 received 250mcg BID and 2 received 125mcg BID. Of the 80 
patients on Sotalol, 49 were on a stable dose. Of these 30 patients 
received 120mg BID, 15 received 80mg BID and 4 received 160mg 
BID.
Safety

Mean baseline QTc intervals were similar between the groups (DF 
vs. SL: 448.9 ±33.2 vs. 444± 42.6 msec; p = 0.35). Dose dependent 
QTc prolongation was noted in both the groups but was significantly 
higher in Dofetilide compared to Sotalol with each dose and at 
discharge (DF vs. SL: 472.25± 31.3 vs. 458± 27.03 msec; p = 0.008) 
( [Table 2], [Figure 1]).

Despite higher QTc prolongation with Dofetilide, there were 
no statistically significant differences, in the rates of adverse 
events between the groups during the hospitalization (DF vs. SL: 
bradycardia – 7.4% vs. 11.3%; p = 0.26, NSVT - 2.3% vs. 1.25%; p = 
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1.0, TdP - 1.3% vs. 1.2%; p = 1.00) [Table 3]. 

Overall 28/378 (7.4%) patients had drug discontinuation prior to 
discharge because of various side effects with most common reason 
being QT interval exceeding 500 msec. There was no statistically 
significant difference in the drug discontinuation rates between the 
groups, (DF vs. SL: 24/298 (9.0%) vs. 4/80 (5.0%); p = 0.47).

cardioversion rates between the groups (Dofetilide - 125/215(58%) 
vs. Sotalol - 30/48 (62.5%); p = 0.58, [Table 4]). Patients who failed 
pharmacological cardioversion underwent electrical cardioversion 
subsequently.

Characteristics
Demographics

Dofetilide (n = 
298)

Sotalol (n = 
80) 

p value

Demographics

Age (years) 64 ± 10.3 64 ± 11.6 0.46

Gender: Male (%) 205 (68.8%) 46 (57.5%) 0.06

Race: Caucasian (%) 270 (90.6%) 71 (88.7%) 0.14

Body Mass Index (BMI) 33 ± 7.4 33 ± 7.8 0.90

Co morbidities

Paroxysmal AF 183 (61.4%) 50 (62.5%) 0.22

Hypertension 252 (84.5%) 67 (83.7%) 1.00

Diabetes mellitus 63 (21.1%) 20 (25%) 0.45

Hyperlipidemia 218 (73.1%) 66 (82.5%) 0.08

Coronary artery disease 93 (31.2%) 41 (51.2%) 0.001

Stroke/Transientischemic attack 25 (8.4%) 10 (12.5%) 0.10

Medication

Beta Blockers 89 (29.0%) 28 (35.0%) 0.57

Calcium Channel Blocker 165 (55.5%) 56 (70.0%) 0.01

ACE Inhibitor/ARB 89 (29.0%) 28 (35.0%) 0.57

Labs

Creatinine Clearance (ml/min) 105.2 ± 41.2 102.3 ± 37.4 0.58

Baseline Potassium level 
(mEq/L)

4.12 ± 0.41 4.17 ± 0.36 0.90

Baseline Magnesium level 
(mEq/L

2.11 ± 1.1 2.0 ± 0.18 0.38

EKG/Echo

Sinus rhythm on arrival 83 (27.8%) 32 (40%) 0.03

Baseline QTc (msec) 448.9 ± 33.2 444 ± 42.6 0.35

Left Atrial Size (cm) 4.53 ± 0.8 5.45 ± 0.60 5.45 ± 0.60

Left ventricle Ejection Fraction 
(%)

51.7 ± 12 52.5 ± 12.6 0.65

Data were represented as mean ± standard deviation or counts (percentage)

Table 2:  Safety outcomes between Dofetilide and Sotalol groups - QTc 
Intervals (n = 378)

QTc Measurement 
(msec)

Dofetilide (n = 298) Sotalol (n=80) p value

Baseline QTc 448.9 ± 33.2 444 ± 42.6 0.35

QTc Post 1st dose 464.5 ± 43.1 453 ± 32.6 0.03

QTc Post 2nd dose 476.7 ± 37.2 476.7 ± 37.2 0.02

QTc Post 3rd dose 474.2 ± 34.8 463.5 ± 34 0.02

QTc Post 4th dose 473.5 ± 32.5 450 ± 64.8 0.01

QTc Post 5th dose 472.25 ± 31.3 458 ± 27.03 0.008

Data were represented as mean ± standard deviation

Table 1:
Baseline Characteristics between Dofetilide and Sotalol groups (n 
= 378)

Efficacy
In terms of efficacy, among patients who remained in AF upon 

admission (215/298 (72%) - Dofetilide group; 48/80 (60%) - Sotalol 
group), no significant differences were noted in pharmacological 

Table 3:  Safety outcomes between Dofetilide and Sotalol groups - Adverse 
events (n = 378)

Adverse events Dofetilide (n = 298) Sotalol (n = 80) p value

Bradyarrhythmias

Bradycardia (HR < 60) 22 (7.4%) 9 (11.3%) 0.26

Sinus pause > 2 secs 0 (0%) 0 (0%) -

High grade AVB 6 (2.0%) 2 (2.5%) 0.67

Ventricular arrhythmias 

New onset PVCs 0 (0%)) 0 (0%) -

Non Sustained VT 7 (2.3%) 1 (1.3%) 1.00

Torsades de pointes (TdP) 4 (1.3%) 1 (1.2%) 1.00

Ventricular fibrillation (VF) 0 (0%) 0 (0%) -

Drug Discontinuation 24 (8.8%) 4 (5%) 0.47

Data were represented as counts (percentage)

Table 4: Efficacy outcomes between Dofetilide and Sotalol groups (n = 263)

Successful 
Cardioversion

Dofetilide 
(n = 215) 

Sotalol (n = 48)  
p value

Pharmacological 
cardioversion (%)

125 (58%) 30 (62.5%) 0.589

Requiring DC 
cardioversion (%)

90 (42%) 18 (37.5%) 0.578

Data were represented as counts (percentage)

Figure 1: Dose dependent QTc prolongation associated with Dofetilide and 
Sotalol (n = 378).

Discussions
Main findings

We studied the safety and efficacy of inpatient initiation of 
Dofetilide (DF) compared to Sotalol (SL) in patients with 
symptomatic AF. Among the patients who remained in AF upon 
admission, no significant differences were noted in pharmacological 
cardioversion rates between the two drugs. Baseline QTc was similar 
between the groups, with higher dose dependent QTc prolongation 
with DF. There were no significant differences in the rates of 
adverse events such as bradycardia, Torsades de pointes, and drug 
discontinuation between the groups.

All AADs are proarrhythmogenic. The most severe pro-arrhythmia 
comes from drugs that prolong action potential duration. Both 
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arrhythmias. This incurs a high cost burden of nearly 3,400 $ per 
patient and the major brunt of this cost is due to hospital room and 
overhead costs, while the pharmacy costs account for only $200-$230 
per patient[16]. Attempts to identify low risk population that can safely 
undergo outpatient initiation of AAD were unsuccessful so far [15]. 
Unlike Dofetilide, Sotalol is available in both oral and intravenous 
formulation and the overall risk of torsades in patients treated with 
a single infusion of IV Sotalol is low compared with that of patients 
given chronic oral Sotalol therapy [17]. A consideration would be to 
use IV Sotalol loading followed by transition to PO medication 
thereby considerably reducing the length of hospitalization. The 
center for translational medicine at the University of Maryland, 
Baltimore, USA developed a dosing strategy for patients with 
postoperative AF based on body weight with 40 mg IV Sotalol 
infusion for 2 hours followed by 80 mg PO bid immediately after 
the infusion. With this strategy, the target dose was achieved in less 
than 6 hours vs. ~36 hours in standard oral dose (80 mg bid) [Figure 
2]. Development of a standard intravenous to oral switch regimen 
for inpatient initiation of Sotalol for symptomatic AF, to reach target 
maintenance dose faster may cut down the cost associated with the 
Sotalol initiation and expedite discharge on a stable oral regimen.

Limitations
Our study presents the obvious limitations of a retrospective 

observational study. Predetermined selection criteria were not used 
prior to initiation of either Dofetilide or Sotalol thus leading to the 
possibility of selection bias. Specific drug titration and discontinuation 
parameters could not be enforced due to the retrospective nature of 
the study. Despite higher proportion of patients receiving Dofetilide 
at our institution, we did not notice any statistically significant 
differences in the safety and efficacy profiles of Dofetilide and Sotalol. 
Conclusion:

In our large, single center experience, we did not observe significant 
differences in the safety or efficacy between inpatient initiations of 
Dofetilide and Sotalol in AF patients. The use of Dofetilide resulted 
in significantly higher QTc when compared to that of Sotalol however, 
it did not translate to a difference in pharmacological cardioversion 
rates, tolerance, or adverse events. 

Dofetilide and Sotalol by the virtue of their potassium current 
(IKr) blockade, cause prolongation of action potential duration and 
effective refractory period, resulting in concentration dependent QT 
interval prolongation in order to be effective. This is suspected to be 
high with Sotalol compared to Dofetilide because of its inherent beta 
blockade properties resulting in simultaneous bradycardia while QT 
prolongation. In the presence of appropriate substrate (hypokalemia, 
hypomagnesaemia, bradycardia or genetic predisposition) this QT 
prolongation may predispose to torsades de pointes. The risk of life 
threatening ventricular arrhythmias warrants inpatient initiation of 
both Dofetilide and Sotalol with electrocardiographic monitoring.

At the outset, current practice patterns at our institution reflected 
a predominant use of Dofetilide (78.8%) over Sotalol (21.2%). 
In part, this is because of safety data supporting the use of DF in 
chronic heart failure (CHF). Moreover, In DIAMOND sub study, 
Dofetilide was found to improve survival in patients with AF and 
LV dysfunction when sinus rhythm was restored and maintained [12]. 
Safety and efficacy of Sotalol has not been systematically evaluated 
in CHF patients, but its use has been associated with a reduction in 
the risk of death and shocks in patients with implantable cardioverter 
defibrillators (ICDs), many of whom have LV systolic dysfunction 
[13].

In our study, 70 %( 215) of patients in the Dofetilide group and 60 
%( 48) in the Sotalol group had AF on admission. Of these patients, 
there was no statistically significant difference in the pharmacological 
conversion rates between the two groups (Dofetilide- 125/215(58%) 
vs. Sotalol - 30/48 (62.5%)). Our study contradicts earlier reports 
which suggest Sotalol is not effective for chemical cardioversion 
and thus not indicated for this purpose[14]. This discrepancy may be 
because of the large proportion (approximately 60%) of our study 
population with paroxysmal AF. There is a possibility that these 
patients might have spontaneously converted to sinus rhythm. 

Our primary safety endpoint was occurrence of adverse events 
like QT prolongation, bradyarrhythmias and tachyarrhythmias. We 
did not observe significant differences in the rates of overall adverse 
events or bradyarrhythmias/tachyarrhythmias individually between 
the groups. Dosage specific outcome stratification was not relevant 
as dosages were selected based on calculated creatinine clearance. 
Serum drug levels would have been the same between groups if 
adjusted for renal function. In a similar study by Agusala et al, there 
was no difference in overall adverse events between Sotalol and 
Dofetilide groups however, DF group had more QT prolongation 
and ventricular arrhythmias. They also reported higher baseline QTc 
as an independent predictor of adverse events in patients treated 
with Dofetilide[15].

We reported dose dependent QTc prolongation in both groups 
but was significantly higher in Dofetilide compared to Sotalol. 
Despite Dofetilide being associated with higher QTc prolongation 
it did not translate into an increase in risk of ventricular arrhythmias 
including TdP. This observation could have been because of the way 
both medications are dosed. Dofetilide is usually started at a higher 
dose and titrated down if patient develops adverse effects. In case of 
Sotalol, patients are started at a lower dose and then titrated up if 
tolerating the dose well. Moreover, Sotalol’s class III effects which 
causes the QT prolongation is only seen with doses ≥160mg.
Future directions

As these two drugs clearly cause dose dependent QTc prolongation, 
in-hospital monitoring is required to avoid rare but life-threatening 

Figure 2:

 Intravenous versus oral Sotalol loading for postoperative atrial 
fibrillation. Notice that the target dose was achieved in less than 
6 hours with intravenous regimen compared with ~36 hours 
in standard oral regimen (80 mg po bid) (Courtesy: Center for 
translational medicine - University of Maryland Baltimore, USA.)
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Introduction
Reduced P-wave amplitude in lead I (PVL1) has recently been 

shown to be associated with recurrence of atrial fibrillation (AF) [1]. 
In this study, conduction was shown to be displaced in the Bachmann 
region in patients with lower P-wave voltages using left atrial voltage 
and activation maps. A possible mechanism for the higher rates of 
AF recurrence in patients with reduced PVL1 was proposed to be 
abnormal interatrial conduction along the Bachmann region, the 
same mechanism as believed to underlie interatrial block (IAB).[1] 

Interatrial block has previously been shown to be associated with 
atrial fibrillation in multiple cardiac populations. [2-13] The P-wave 
represents atrial depolarization and as such is an indirect measure 
of atrial conduction.[14] With normal anatomy, in sinus rhythm, the 
P-wave initiates at the sino-atrial node and travels inferiorly through 
the right atrium via the intra-atrial conduction pathways and most 

commonly crosses the interatrial septum superiorly via the Bachmann 
region, a broad muscular set of fibers.[15-18] Partial interatrial block 
(IAB) results from a delay of conduction on this interatrial pathway 
at the Bachmann region. When this pathway is completely blocked, 
the right atrium is activated cranio-caudally; however, the left atrium 
is depolarized from the level of the coronary sinus to the posterior 
and superior region (retrograde activation) producing the classic 
biphasic P-wave of advanced IAB.[19] IAB is clinically important due 
to its correlation with the development or recurrence of AF in various 
cardiac populations.[2-13] While the exact pathology underlying 
the conduction abnormalities seen in IAB have not yet fully been 
determined it has been hypothesized that electrical remodeling and 
fibrotic atrial remodeling due to reduction of the blood supply to 
the Bachmann region may play a key role.[20-23] In support of this, 
IAB has been shown to be associated with diffuse coronary artery 
disease (CAD).[11] This study sought to determine the association of 
reduced PVL1 with development of AF in a population of patients 
with NSTEMI and its correlation with IAB and diffuse CAD.
Material and Methods
Patient Selection
Electronic records of a consecutive cohort of patients at Kingston 
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Abstract
Background: Reduced P-wave voltage in lead 1 (PVL1) has been associated with atrial fibrillation (AF) recurrence.This study sought to 

determine the association between reduced PVL1 and AF in the NSTEMI population and the correlation between reduced PVL1 and interatrial 
block (IAB)/coronary artery disease (CAD).

Methods: Data were recorded for clinical, echocardiographic, angiographic, electrocardiographic and outcome variables. Patients were 
followed for a minimum of one year. Chi-square tests, independent samples t-tests and one-way ANOVA were used for the analysis, which 
was done using IBM SPSS.

Results: A total of 322 consecutive patients were included in the analysis. Patients with new-onset AF had a significantly lower PVL1 
(0.085 ± 0.030mV vs. 0.103 ± 0.037mV; p=0.007). There was a significant difference in mean PVL1 between those with no IAB, partial IAB 
and advanced IAB (p = <0.001). Those with any type of IAB had a significantly lower mean PVL1 than those without (0.094 ± 0.032 mV vs. 
0.106 ± 0.038 mV; p=0.005). Patients who developed AF had a significantly longer P-wave duration (126 ± 20ms vs. 119 ± 17ms; p=0.022). 
Patients with IAB were more likely to develop new-onset AF (15.4% versus 7.5%, p=0.025). There were significant co-linear associations 
between reduced PVL1 and IAB (p=0.005); reduced PVL1 and diffuse CAD (p=0.031) and IAB and diffuse CAD (p=0.022).

Conclusions: Reduced PVL1 and IAB are associated with new-onset AF in patients with NSTEMI. Reduced PVL1 and IAB are correlated with 
each other indicating a possible common underlying mechanism. Both parameters are associated with CAD. 
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variability.[1],[24] P-wave onset was defined as the first upward or 
downward deflection from the isoelectric baseline and the P-wave 
offset as the return of the waveform to the baseline (Figure 1b). 
P-wave duration measurement has been previously described and 
validated.[25] Partial IAB was defined as a P-wave ≥120ms while 
advanced IAB was defined as a P-wave ≥120ms with biphasic (±) 
morphology in the inferior leads (II, III and aVF) according to the 
most recent consensus definition.[19] Reduced PVL1 was defined as a 
P-wave voltage in lead I less than 0.10 mV. Echocardiographic and 
angiographic data were taken from clinical reports. Atrial fibrillation 
was evaluated through review of medical records, EGG’s and holter 
monitors. AF ≥ 6 minutes’ duration was considered as outcome[26].

General Hospital who had presented with a NSTEMI between 
November 2013 and August 2015 and had an ECG completed 
in-hospital as part of their work-up were retrospectively reviewed. 
Exclusion criteria were (i) prior history of AF (ii) lack of at least one 
significant coronary artery lesion (>70% occlusion) (iii) any STEMI 
within 90 days prior to the NSTEMI, (iv) significant valvular disease 
or cardiomyopathy and (v) any device pacing the atrium (vi) active 
hyperthyroidism.
Electrocardiogram, echocardiogram and angiogram parameters
     ECGs were scanned at 300 dpi and blindly analyzed using 
ICONICO semi-automatic calipers. PVL1 was measured from the 
peak of the P-wave to the isoelectric line of the TP interval (Figure 
1a). This method has been previously described and validated with 
high levels of agreement in both interobserver and intraobserver 

Statistical Methods
Data were collected in Excel and imported into IBM SPSS 

(version 24.0 for Windows) for statistical analysis. Data were initially 
described using means and standard deviations for continuous 
data, and frequencies and percentages for categorical data. This 
was followed by a univariate analysis to assess the association of 
the collected data with the outcome, using one-way ANOVA and 
independent sample t-tests for the continuous data and chi-square 
tests (Pearson or Fisher’s Exact as appropriate) for the categorical 
data.
Results
Population Demographics
     A total of 322 consecutive patients were included in the analysis. 
The population was 72.3% male, the mean age was 65.4 ± 11.9 years, 
the mean ejection fraction was 55.2 ± 12.7% and the mean left atrial 
diameter was 38.7 ± 6.0mm. Population characteristics are presented 
in [Table 1]. The prevalence of PVL1 less than 0.10 mV (reduced 
PVL1) was 50.3%, PVL1 between 0.10 and 0.20 mV was 48.8% and 
PVL1 > 0.20 mV was 0.9%. The prevalence of partial IAB was 31.7% 
and the prevalence of advanced IAB was 6.5%. The incidence of new 
onset AF within one year was 10.6%. The population was normally 
distributed in terms of P-wave voltage and duration.
Associations with Atrial Fibrillation
     Participants who developed new-onset AF within one year had 
a significantly lower PVL1 (0.085 ± 0.030mV vs. 0.103 ± 0.037mV; 

Figure 1: Method for the Measurement of P-Wave Duration and Amplitude

Table 1: Population characteristics.

Clinical Variable Value (n = 322)

Age (years) ± SD 65.4 ± 11.9

Male sex 233 (72.3%)

BMI (kg/m2) 29.8 ± 6.6

Partial interatrial block 102 (31.9%)

Advanced interatrial block 21 (6.5%)

Prior smoker 204 (63.4%)

Hypertension 232 (72.0%)

Dyslipidemia 182 (56.5%)

Diabetes 104 (32.3%)

Prior transient ischemia attack or stroke 35 (10.9%)

Obstructive sleep apnea 37 (11.4%)

Pulmonary disease 49 (15.2%)

Prior known coronary artery disease 118 (36.6%)

Congestive heart failure 15 (4.7%)

Previous cardiac surgery 43 (13.4%)

Prior atrial flutter 3 (1.0%)

Left ventricular ejection fraction (%) 55.2 ± 12.7

Body surface area (m2) 1.97 ± 0.22

Left atrial diameter (mm) 38.7 ± 6.0

Left atrial volume indexed to BSA (ml/m2) 31.6 ± 21.1

Right atrial volume indexed to BSA (ml/m2) 22.6 ± 15.6
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p=0.007) and significantly longer P-wave duration (126 ± 20ms vs. 
119 ± 17ms, p=0.022) than those who did not develop AF ([Table 
2]). Multivariate logistic regression analysis was not completed due 
to substantial co-linearity between the three variables in the model 
(IAB, reduced PVL1 and diffuse CAD defined as the presence of 
two or more significant coronary artery lesions in the same patient). 
There were significant co-linear associations between reduced PVL1 
and IAB (p=0.005); reduced PVL1 and diffuse CAD (p=0.031) and 
IAB and diffuse CAD (p=0.022).
Correlation of P-Wave Voltage with P-Wave Duration
     There was a significant difference of mean P-wave duration 

with no IAB, partial IAB and advanced IAB (p = <0.001) ([Table 
3]). This difference favored decreased PVL1 with increased severity 
of IAB category. Patients who had advanced IAB had a significantly 
lower mean PVL1 than those without advanced IAB (0.074 ± 0.029 
mV vs. 0.103 ± 0.362 mV; p=<0.001). Patients who had any type of 
IAB had a significantly lower mean PVL1 than those without IAB 
(0.094 ± 0.032 mV vs. 0.106 ± 0.038 mV; p=0.005) ([Table 2]).
Discussion

Reduced PVL1 was found to be significantly associated with 
the development of new-onset AF in this population. In addition, 
reduced PVL1and IAB were found to be significantly correlated 
with each other. It is plausible that reduced PVL1 and IAB may be 
associated with the same pathological process leading to increased 
P-wave duration and reduced voltage, namely atrial fibrosis. Park 
et al. have recently demonstrated a significant correlation between 
reduced PVL1 and displaced conduction in the Bachmann region 
using left atrial voltage and activation maps.[1] Atrial fibrosis delays 
cardiac electrical conduction and reduces voltage, phenomena which 
have been well described previously.[27-31] Since the P-wave voltage 
depends on the direction of electrical propagation relative to the axis 
of the lead being measured and the myocardial mass and intervening 
substrates; it has been proposed that reduced P-wave voltage may 
be a result of an altered atrial conduction pattern and decreased 
myocardial mass due to atrial fibrotic scarring and increased degree 
of electro-anatomical remodeling.[1] It has recently been shown that 
diffuse CAD is associated with IAB and development of AF in the 
NSTEMI population.[11] In this current study, both reduced PVL1 
and IAB are also significantly correlated with diffuse CAD. Therefore 
it is possible that the mechanism underlying both decreased PVL1 
and IAB is fibrosis of the atria, particularly in the Bachmann region.
[32],[33].
Limitations

This study was retrospective in nature and as such may present 
inherent bias. AF was determined by clinical examination, ECG and 
Holter monitor reports; thus silent AF episodes may not have been 
recorded.
Conclusions

Reduced PVL1 is associated with new-onset AF in the NSTEMI 
population. In addition, PVL1 and IAB are significantly correlated 
with each other and with diffuse CAD. While the exact mechanism 
responsible for each have yet to be worked out, it is possible that the 
underlying cause could stem from fibrosis of the atria
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