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Abstract
AIM: To examine the effect of ibutilide on novel in-
dexes of repolarization in patients with persistent atrial 
fibrillation (AF). 

METHODS: We studied consecutive patients scheduled 
for elective electrical cardioversion. Intravenous ibuti-
lide (1 + 1 mg) was administered before the electrical 
cardioversion while close electrocardiographic (ECG) 
monitoring was performed. ECG indexes such as cor-
rected QT interval (QTc), the interval from the peak un-
til the end of T wave (Tpe), and the Tpe/QT ratio were 
measured before ibutilide infusion and 10 min after the 
end of infusion. 

RESULTS: The final study population consisted of 20 
patients (mean age: 67.1 ± 9.9 years, 10 men). Six 
patients were cardioverted pharmacologically and did 
not proceed to electrical cardioversion. Two patients 
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developed short non-sustained episodes of torsades 
de pointes ventricular tachycardia. All but one of the 
aforementioned ECG indexes increased significantly af-
ter ibutilide administration. In specific, the QTc interval 
increased from 442 ± 29 to 471 ± 37 ms (P  = 0.037), 
the Tpe interval in precordial leads from 96 ms (range 
80-108 ms) to 101 ms (range 91-119 ms) (P  = 0.021), 
the Tpe interval in lead Ⅱ from 79 ms (range 70-88 ms) 
to 100 ms (range 87-104 ms) (P  < 0.001), the Tpe/QT 
ratio in precordial leads from 0.23 ms (range 0.18-0.26 
ms) to 0.26 ms (range 0.23-0.28 ms) (P  = 0.028), and 
the Tpe interval dispersion from 25 ms (range 23-30 
ms) to 35 ms (range 27-39 ms) (P  = 0.012). However, 
the Tpe/QT ratio in lead II did not change significantly.

CONCLUSION: Ibutilide increases the duration and 
dispersion of ventricular repolarization. The prognostic 
value of Tpe and Tpe/QT in the setting of drug-induced 
proarrhythmia needs further study.

© 2013 Baishideng. All rights reserved.
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Core tip: In this pilot study we examined the effect of 
ibutilide on novel indexes of repolarization in patients 
with persistent atrial fibrillation scheduled for electrical 
cardioversion. Electrocardiographic (ECG) indexes such 
as corrected QT interval, the interval from the peak 
until the end of T wave (Tpe), and the Tpe/QT ratio 
were measured. We showed that ibutilide significantly 
increases the dispersion of ventricular repolarization as 
assessed by modern ECG markers such as Tpe interval 
and Tpe/QT ratio. These indexes may have a prognos-
tic value with regard to drug-induced proarrhythmia.
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INTRODUCTION
Drug-induced proarrhythmia represents a significant 
problem that poses special risks in the implementation 
of  drug therapy[1]. Several antiarrhythmic drugs seem to 
have proarrhythmic potential[2,3]. Ibutilide is a class III 
antirrhythmic agent effective for pharmacological car-
dioversion of  recent-onset atrial fibrillation (AF) or atrial 
flutter[4,5]. It is administered intravenously and has a rapid 
onset of  action[5]. In addition, ibutilide pretreatment facil-
itates external electrical cardioversion of  persistent AF[6-8]. 
However, its QT-prolonging properties and the increased 
risk for torsades de pointes (TdP) ventricular tachycardia 
raise safety concerns and limit its widespread use[5].

A well-known pathogenetic factor for malignant 
ventricular arrhythmias is the increased dispersion of  re-
polarization which reflects the heterogeneity rather than 
the total duration of  repolarization[9]. The T peak-to-end 
(Tpe) interval and the Tpe/QT ratio represent novel elec-
trocardiographic indexes of  arrhythmic risk that possibly 
correspond to the spatial dispersion of  ventricular repo-
larization[9-11]. It has also been demonstrated that in the 
setting of  acquired QT prolongation the Tpe/QT ratio 
is a better predictor of  TdP compared to the corrected 
QT interval (QTc) interval and QT dispersion[12]. Thus, in 
this pilot observational study we sought to investigate the 
impact of  ibutilide pretreatment on the aforementioned 
electrocardiographic (ECG) indexes in the setting of  per-
sistent AF before electrical cardioversion.

MATERIALS AND METHODS
We screened consecutive patients with persistent AF 
scheduled for elective electrical cardioversion. Patients 
taking drugs or having conditions that affect the QT in-
terval were excluded. In specific, exclusion criteria were 
recent acute coronary syndrome within the past 6 mo, 
recent percutaneous coronary intervention or cardiac 
surgery, congestive heart failure with New York Heart 
Association class > Ⅱ, presence of  nonsustained ven-
tricular tachycardia on Holter monitoring, presence of  
bundle brunch block, QRS duration > 120 ms, previous 
implantation of  a pacemaker or a defibrillator, adminis-
tration of  antiarrhythmic drugs, administration of  drugs 
that prolong the QT interval, thyroid dysfunction, renal 
failure, and electrolyte disturbances. All patients were on 
b-blockers and/or digoxin for rate control as well as on 
vitamin K antagonists for anticoagulation treatment.

The patients were admitted to the coronary care unit 
in the morning hours. After checking the laboratory 
examinations, intravenous ibutilide (1 mg for 10 min + 

1 mg after 20 min if  the patients were still in AF) was 
administered at a fasting state before the electrical car-
dioversion while close ECG monitoring was performed. 
ECG indexes such as QTc, the interval from the peak un-
til the end of  T wave (Tpe) and the Tpe/QT ratio were 
measured before ibutilide infusion and 10 min after the 
end of  administration. 

The ECG indexes were assessed at baseline in the 
supine position and calculated as described in our previ-
ous reports[13-15]. Specifically, the QT and the QTpeak 
intervals were measured manually on ECG recordings 
at a paper speed of  50 mm/s. QT interval was assessed 
as the time between the first deflection of  QRS and the 
point of  return of  the T wave to the isoelectric line. 
The Tpe interval was calculated as QT-QTpeak. The 
QT interval was measured in as many of  the 12 leads as 
possible while Tpe interval was assessed in lead Ⅱ and 
in the precordial leads[10,13-15]. The Tpe interval and the 
Tpe/QT ratio were calculated using the corresponding 
values from each lead. The measurements were obtained 
in 5 consecutive complexes of  each lead and the result-
ing average value was finally accepted. In order to avoid 
diurnal variations, all procedures were performed during 
the same time interval (from 9.00 am to 11.00 am). QT 
interval corrected for heart rate (QTc) was calculated us-
ing the Bazett’s formula (QTc = QT/RR-2)[16]. The Tpe 
and QTc reported values were the maximum obtained 
values. All measurements were performed by one experi-
enced investigator (Korantzopoulos P) who was unaware 
of  the clinical characteristics of  the study participants. 
To identify intraobserver variability, the ECG tracings of  
6 randomly selected patients were reexamined 10 d after 
the initial evaluation. Intraobserver variation was less 
than 5%.

Statistical analysis
Continuous variables are expressed as mean ± SD, or 
as median (25th-75th percentile) if  their values are not 
normally distributed. The examination of  normality was 
performed by the Kolmogorov-Smirnov test. Categori-
cal variables are presented as frequencies. Comparisons 
of  the continuous variables performed using the paired 
t-test or the non-parametric Wilcoxon signed-rank test. A 
two-tailed P value < 0.05 was considered significant. All 
analyses were performed using the SPSS software (version 
16.0; SPSS Inc., Chicago, IL, United States).

RESULTS
The final study population consisted of  20 patients (mean 
age: 67.1 ± 9.9 years, 10 men). The baseline clinical and 
demographic characteristics of  the patients are presented 
in Table 1. The mean duration of  persistent AF before 
the attempted electrical cardioversion was 3 mo while the 
patients had preserved left ventricular ejection fraction 
and marginally dilated left atria (Table 1).

Six patients were cardioverted pharmacologically and 
did not proceed to electrical cardioversion. Two patients 
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developed short non-sustained episodes of  TdP ventricu-
lar tachycardia a few minutes after the infusion of  the 
second dose. All but one of  the aforementioned ECG 
indexes increased significantly after ibutilide administra-
tion. In specific, the QTc interval, the Tpe interval in 
precordial leads, the Tpe interval in lead Ⅱ, the Tpe/QT 
ratio in precordial leads, and the Tpe interval dispersion 
increased (Table 2). However, the Tpe/QT ratio in lead 
Ⅱ did not change significantly (Table 2).

DISCUSSION
In this pilot study we demonstrated that ibutilide signifi-
cantly increases the total duration of  repolarization reflect-
ed by the QTc interval and more importantly the dispersion 
of  ventricular repolarization as assessed by modern ECG 
markers such as Tpe interval and Tpe/QT ratio. 

Ibutilide confers a high risk of  TdP (up to 9% of  
cases), although most episodes are self-terminated and do 
not require electrical termination[17]. However, its proar-
rhythmic potential may hamper its use in several clinical 
settings. Besides its use for pharmaceutical cardioversion 
of  recent-onset AF or atrial flutter, ibutilide increases 
the success rates of  electrical cardioversion of  these ar-
rhythmias, facilitates electrical cardioversion of  refractory 
persistent AF, and lowers energy requirements during the 
procedure[6-8,17,18]. Of  note, ibutilide infusion must be fol-
lowed by 3-4 h of  ECG monitoring to exclude TdP[5-8].

Ibutilide prolongs repolarization by inhibition of  the 
rapidly activating component of  the delayed rectifier po-
tassium currents (IKr) and by selective enhancement of  
the slow inward sodium current[19]. It should be pointed 
out that the heterogeneity of  ventricular repolarization 
is a much more important parameter for proarrhythmia 
compared to the total duration of  repolarization. For 
example, it is well known that amiodarone carries a very 
low risk for proarrhythmia despite its QT prolonging ef-
fects[20]. This apparent paradox is explained by the fact 
that amiodarone prolongs the ventricular repolarization 
homogeneously and does not increase transmural disper-
sion of  repolarization[20].

Spatial dispersion of  repolarization reflects the het-

erogeneity of  repolarization which creates voltage gra-
dients and thus promoting ventricular arrhythmias. Tpe 
interval represents a promising marker of  total dispersion 
of  ventricular repolarization (transmural, apicobasal, or 
global)[10]. However, the Tpe/QT ratio appears to be a 
more sensitive arrhythmogenic index since it remains 
constant despite changes in the heart rate (dynamic 
changes in Tpe and QT interval occur in a proportional 
and parallel fashion)[10,12,21]. Remarkably, an increased 
Tpe/QT ratio has been associated with arrhythmic 
events in patients with acquired long QT syndrome[12], in 
patients with hypertrophic cardiomyopathy[22], and in car-
diac resynchronization therapy patients[23]. Also, the Tpe 
interval is independently associated with sudden cardiac 
death in the general population[24], as well as with mortal-
ity after acute myocardial infarction[25]. In the setting of  
stable coronary artery disease where exercise-induced 
arrhythmias represent a specific problem, we recently 
demonstrated that Tpe/QT ratio significantly increases at 
peak exercise[13]. Very recently we also showed that these 
novel indexes of  dispersion of  repolarization including 
Tpe/QT are increased in individuals with early repolar-
ization[14] and also after hemodialysis in patients with end-
stage renal disease[15].

Taking into account the aforementioned consider-
ations we focused on the measurement of  the novel 
indexes Tpe and Tpe/QT in order to investigate the 
effects of  ibutilide administration on the dispersion of  
ventricular repolarization in patients with AF. Accumulat-
ing evidence suggests that the older index “QTc disper-
sion” does not actually reflect the dispersion of  ventricu-
lar repolarization[26] and therefore we did not assess this 
parameter. In experimental models such as in the rabbit 
left ventricular wedge preparation the estimation of  
transmural dispersion of  repolarization represented by 
Tpe interval and Tpe/QT ratio proved to be a useful tool 
for the prediction of  drug-induced QT prolongation and 
proarrhythmic potential[27]. In this context, Yamaguchi et 
al[12] showed that Tpe/QT ratio is a better predictor of  
TdP compared to QTc interval and QT dispersion in the 
setting of  acquired QT prolongation. With regard to ibu-
tilide, Kannankeril et al[28] recently demonstrated that QT 
prolongation by the drug does not correlate to baseline 
QTc and does not differ between the 2 sexes. Given that 
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Table 1  Baseline and clinical charactersistics of the study 
population

Patients’ characteristics    Value

Age (yr)   67.1 ± 9.9
Men        50%
Duration of atrial fibrillation (d)      94 ± 51
Baseline heart rate (beats per minute)      87 ± 19
Hypertension        65%
Diabetes        30%
Coronary artery disease        25%
Left ventricular ejection fraction   58% ± 7%
Left atrial diameter (mm)   41.7 ± 4.3
Sodium (mEq/L) 139.0 ± 3.0
Potassium (mEq/L)     4.4 ± 0.4

Table 2  Electrocardiographic variables before and after 
ibutilide infusion

Variables Before ibutilide After ibutilide  P value

QTc (ms)     442 ± 29    471 ± 37    0.037
Tpe in lead Ⅱ (ms)    79 (70-88) 100 (87-104) < 0.001
Tpe in precordial leads (ms)    96 (80-108) 101 (91-119)     0.021
Tpe dispersion (ms)    25 (23-30)   35 (27-39)     0.012
Tpe/QT in lead Ⅱ 0.22 (0.18-0.24) 0.24 (0.22-0.28)     0.12
Tpe/QT in precordial leads 0.23 (0.18-0.26) 0.26 (0.23-0.28)     0.028

The parameters are presented as means ± SD or as median values (25th-75th 

percentile). QTc: Corrected QT interval; Tpe: T peak-to-end.



the QT prolongation by ibutilide is highly variable and 
does not accurately predict the occurrence of  TdP the as-
sessment of  dispersion of  ventricular repolarization may 
confer an advantage for this purpose. 

Limitations
We feel that our study adds to the current knowledge of  
drug-induced proarrhythmia and its evaluation through 
novel ECG markers of  dispersion of  repolarization. 
However, some limitations are apparent. Firstly, the study 
population was small. Secondly, due to the limited num-
ber of  patients it was not feasible to compare the indexes 
of  repolarization between patients who suffered short 
episodes of  TdP (n = 2) and patients who did not suffer 
any ventricular arrhythmia (n = 18). Thirdly, we have to 
acknowledge that our patients did not have significant co-
morbidities and especially they did not have significant 
LV dysfunction. The effect of  ibutilide on ventricular 
repolarization may be more prominent in more advanced 
heart disease states. Finally, although we measurements 
of  the ECG were obtained in 5 consecutive complexes 
of  each lead and the resulting average value was finally 
accepted, we have to admit that the high variability of  the 
RR intervals during AF poses specific problems in the 
accuracy of  measurements.

In conclusion, ibutilide administration increases the 
duration and the dispersion of  ventricular repolarization. 
Therefore, Tpe interval and Tpe/QT ratio may represent 
useful prognostic markers for the occurrence of  TdP af-
ter ibutilide infusion. Undoubtedly, the prognostic role of  
these ECG indexes and their variations in the setting of  
drug-induced proarrhythmia needs further study.
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