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 A B S T R A C T  

Objective: Increased T wave peak and end distance (Tpe interval) shows 
abnormal spread in ventricular repolarization, it is associated with 
increased risk of ventricular arrhythmia and poor prognosis. However, 
Tpe interval, corrected Tpe (Tpe-c) upper limit value, and normal 
reference interval have not been reported in healthy population. In our 
study, it was aimed to determine the normal reference range of Tpe and 
Tpe-c interval in healthy population. 

Materials and Methods: 414 healthcare professionals who had no 
complaints were included in the study. Tpe and Tpe-c measurements 
of all patients were performed on 12-lead electrocardiography taken 
at rest. Average and standard deviation, median, minimum, maximum, 
95% confidence intervals (95% CI) values of these parameters were 
obtained.

Results: According to the data obtained in our study; Tpe mean and 
standard deviation, median, minimum, and maximum values were 
found to be 70.3 ± 12.3 ms, 70 ms, 50 ms and 100 ms, respectively. 
The 95% CI value of the Tpe interval was detected as 50-90 ms. Tpe-c 
mean and standard deviation, median, minimum, and maximum 
values were found to be 76.1 ± 14.6 ms, 75 ms, 48 ms and 128 ms, 
respectively. The 95% CI of the Tpe-c interval was detected as 53-100 
ms. It was determined that Tpe and Tpe-c intervals were not affected by 
demographic and clinical parameters.

Conclusion: As a result of our study, it was determined that the upper 
limit of Tpe and Tpe-c interval values in adult, not-elderly and healthy 
normal population were 90 ms and 100 ms, respectively. It was thought 
that this information could be used for prolonged Tpe interval, which 
shows an increased risk of arrhythmia in daily practice. However, it was 
concluded that studies should be done in other communities and races 
on this subject as well.

Keywords: Tpe interval, normal limit values

What is the Normal Value of Tpe Interval and Corrected Tpe 
Interval?

INRODUCTION

In electrocardiography (ECG), P - QRS - T wave 
occurs as the result of atrial and ventricular 
depolarization and repolarization, respectively. P 
wave duration, PR distance, duration of QRS waves 
and QT duration limit values are known and their 
prolongation is used in many diagnoses.

Ventricular myocardium depolarization occurs 
from the endocardial region to the epicardial 

region. Ventricular repolarization occurs following 
depolarization. There is dispersion between 
the endocardial and epicardial region during 
ventricular repolarization. The interval between 
the T wave peak and the end distance is called the 
Tpe interval, and this is associated with transmural 
ventricular repolarization [1, 2]. The Tpe interval and 
the ratio of this interval to the QT interval have been 
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shown to be associated with the arrhythmic clinical 
condition in many cardiac pathological conditions, 
and also pose a high risk for sudden cardiac death 
(SCD) [3, 4, 5]. Association of the increased Tpe 
interval and Tpe/QT ratio with arrhythmia and SCD, 
dispersion at repolarization between epicardial 
and endocardial regions of myocardium causing 
slow transmission in these two anatomical regions, 
and this situation causing an increase especially 
in re-entry related arrhythmia -the most common 
arrhythmia reason- are thought. However, as far 
as we have researched, there are no studies on 
the normal limit values of the Tpe interval and the 
corrected Tpe interval (Tpe-c), despite both were 
studied so much and that their increase clearly 
known to have prognostic significance.

In our study, it was aimed to determine the normal 
reference range of Tpe and Tpe-c interval in healthy 
population.

MATERIALS and METHODS

For the study, 625 health professionals working at 
Adana City Training and Research Hospital between 
the ages of 18 and 65 who had no active complaints 
were scanned. After the exclusion criteria, 414 
healthy individuals (198 men and 216 women 
with a mean age of 40.4 ± 10.3) were included in 
the study. In the study, those are determined as 
the exclusion criteria: ongoing regular medicine 
treatment of any kind, long QT and QTc distance 
and QRS > 100 ms, known syncope or sudden 
cardiac arrest history, acute or chronic systemic or 

local infection within pediatric and geriatric age 
group (< 18 age and > 65 age), failure to perform 
Tpe and QTc measurements on ECG examination, 
known coronary artery disease (CAD) or CAD major 
risk factors, valvular disease, and heart failure with 
reduced ejection fraction. The study was carried 
out in line with the Helsinki Principles; and was 
approved by the Local Ethics Committee (Adana 
City Hospital, Ethics Committee, 2020).

Anamnesis and physical examinations of all 
individuals were performed. Age, gender, height, 
weight, body mass index, heart rate, and blood 
pressure values were recorded from demographic 
and clinical data. 

12-lead Electrocardiographic Evaluation
12-lead ECGs obtained by MAC 2000 ECG Machine 
(GE medical systems information technologies, Inc., 
WI, USA) with a sinus rhythm of 25 mm/sec speed 
and 1 mv/10 mm standard calibration were from 
the individuals included in the study. Tpe interval 
was defined as the time from the peak of the T wave 
to the point where the T wave joins and ends with 
the isoelectric line (Figure 1). Measurements were 
made primarily from V5. If V5 is not suitable for 
measurement (amplitude <1.5 mm), measurements 
were made from V4 and V6, and their averages were 
taken [6]. For the QT time, the time from where the 
QRS started to where the T wave inverse on the 
isoelectric line was calculated. QT intervals were 
corrected for heart rate using Bazett’s formula: QTc 
= QT/(RR) 1/2. Tpe interval was corrected for heart 
rate and Tpe-c was calculated similar to QTc interval 

Figure 1. Normal Tpe interval measurement from V5 derivation in 12-lead electrocardiography in the healthy 
individual
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[7, 8]. All the ECG examinations in sinus rhythm were 
evaluated by two Cardiologists with at least 5 years 
of experience in electrophysiology and evaluating 
≥2000 patients with arrhythmia annually, without 
knowing the identities of the individuals.

Statistical Analysis 
All analyzes were performed using SPSS 22.0 
(Chicago, IL, USA) statistical software package. 
Whether the distribution of continuous variables is 
normal or not was evaluated by the “Kolmogorov-
Smirnov” test. Continuous variables were 
determined with mean ± standard deviation (SD). 
The mean ± SD, median, minimum, and maximum 
values of the parameters obtained with Tpe, Tpe-c, 
QT, QTc and their ratios were calculated. Due to the 
normal distribution of Tpe and QT measurements, 
95% confidence interval (CI) values of these 
parameters were given for upper and lower limit 
analysis. The kappa coefficient was used to examine 
the inter-observer and intra-observer variability of 
the Tpe and other ECG measurements. Continuous 
variables that showed normal distribution were 
compared using the Student t test. Whether there is 
a relationship between countable parameters was 
evaluated by “Pearson’s and Spearman’s” correlation 
analysis. Statistical significance was accepted if p 
<0.05.

RESULTS

Tpe interval measurement was successfully 
performed from all individuals included in the 
study. Cohen kappa values that evaluate intra-
observer and intra-observer variability were over 
90% for all ECG measurements (Table 1 and p<0.001 
for each-one).

The demographic and clinical parameters of the 
individuals included in the study are shown in 
Table 2. Tpe, Tpe-c, QT and QTc measurements of all 
individuals and mean ± SD, median, lower, upper 
and 95% CI values of the rates obtained. Tpe mean 
and SD, median, minimum, and maximum values 
were found to be 70.3 ± 12.3 ms, 70 ms, 50 ms and 
100 ms, respectively. The 95% CI value of the Tpe 
interval was detected as 50-90 ms. Tpe-c mean and 
SD, median, minimum, and maximum values were 
found to be 76.1 ± 14.6 ms, 75 ms, 48 ms and 128 
ms, respectively. The 95% CI of the Tpe-c interval 
was detected as 53-100 ms (Table 3). When the 
effect of gender on the Tpe interval is evaluated; Tpe 
interval in males was slightly higher than females, 
but this was not statistically significant (71.4 ± 12.6 
and 69.5 ± 12.1, and p = 0.099). Similarly, there 
were no gender differences in Tpe-c, QT and QTc 
measurements. When the relationship between 
baseline demographic/clinical data and Tpe was 
evaluated, no parameters closely related to Tpe 
interval were determined.

Table 1. Interobserver and intraobserver agreements in 
interpreting the electrocardiographic analysis

Interobserver 
(%)

Intraobserver 
(%)

Tpe interval (msn) 96 98

Tpe-c interval (msn) 96 98

QT interval time (ms) 98 100

QTc interval time (ms) 96 98
QTc: Corrected QT, Tpe-c: Corrected Tpe

Table 2. The clinic and demographic findings of study 
population

Variable

Age (year) 40.4 ± 10.3

Sex (male/female) 207/207

Systolic blood pressure (mmHg) 113 ± 12

Diastolic blood pressure (mmHg) 69 ± 9.2

Heart rate (bpm) 70.5 ± 10

Body mass index (kg/m2) 24.2 ± 2.3

Table 3. Electrocardiographic ventricular depolarization and repolarization findings of study population

Mean ± SD Median Lower - Upper 95% CI

Tpe interval (msn) 70.3 ± 12.3 70 50 - 100 50 - 90

Tpe-c interval (msn) 76.1 ± 14.6 75 48 - 126 53 - 100

QT interval time (ms) 368 ± 14 365 340 - 440 350 - 393

QTc interval time (ms) 397 ± 24.5 394 316 - 485 360 - 440

Tpe/QT ratio 0.192 ± 0.35 0.195 0.130 - 0.290 0.139 - 0.252

Tpe/QTc ratio 0.178 ± 0.33 0.178 0.110 - 0.280 0.128 - 0.237

Tpe-c/QT ratio 0.208± 0.43 0.205 0.120 - 0.370 0.146 - 0.281
The values were shown as mean ± standard deviation, CI: Confidence interval, QTc: Corrected QT, Tpe-c: Corrected Tpe SD: Standard deviation
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DISCUSSION

The main finding of our study is to determine 
that the normal upper reference value of Tpe and 
Tpe-c interval in the healthy adult population is 90 
ms and 100 ms, respectively. It was thought that 
measurements above the same reference values 
in both genders could be used for prolonged 
ventricular repolarization symptom or increased 
risk of arrhythmia, since the difference in both 
genders had no effect on the Tpe. 

The QT distance covers all the ventricular 
depolarization and repolarization, also called 
the electrical systole and consists of the QRS 
complex, J point, ST segment and T wave. 
Ventricular myocardium depolarization occurs 
from the endocardial region to the epicardial 
region. Ventricular repolarization occurs following 
depolarization. The QRS complex represents 
ventricular depolarization, which begins in the 
inter-ventricular septum, proceeding from the 
endocardium to the epicardium and from left to 
right. The normal QRS complex has duration of 
60-100 ms. The J point corresponds to the end of 
ventricular depolarization. It is located between 
the end of QRS complex and the beginning of the 
ST segment, generally on the isoelectric line. The 
ST segment is measured from the J point to the 
onset of the T wave, and it usually remains close 
to the isoelectric line. The phase of ventricular 
repolarization includes the ST segment and the 
T wave. The latter has asymmetric ascending and 
descending limbs and tends to be positive in the 
extremity leads (except aVR) and in the precordial 
leads (except V1). In rare cases, the T wave is followed 
by a U wave, which is usually positive. There is 
dispersion between the endocardial and epicardial 
region during ventricular repolarization. The interval 
between the T wave peak and the end distance 
is called the Tpe interval, and this is associated 
with dispersion of ventricular repolarization [9]. 
Prolongation of the Tpe or dispersion of ventricular 
repolarization is associated with ventricular 
tachycardia and ventricular fibrillation, which are 
severe ventricular arrhythmia [10]. 

Although the QRS and QT times are clearly 
known from the ventricular depolarization and 
repolarization parameters, the normal values of the 
Tpe and Tpe-c interval times are not clearly known. 

Only, in a recent study on healthy volunteers by 
Hnatkova et al. [7] did Tpe interval measurement 
in 12-Lead Holter recordings. As a result of this 
study, it was reported that the Tpe interval was 
significantly longer in men than in women, but it 
was not affected by ethnicity. In the same study, the 
Tpe interval has been shown to be unaffected by 
heart rate and age [7]. The heart rate dependency of 
Tpe intervals is very shallow and different subjects 
show both negative and positive correlations of 
Tpe with the different rates [7]. Although corrected 
Tpe according to heart rate differs numerically, it 
has no clinical significance, so routine correction is 
not recommended. However, in this study, no limit 
values were specified and mean ± SD were given 
by all genres and ethnicity. While Caucasian female 
race was 87.7 ± 6.4, it was 94.3 ± 5.7 in males. Our 
study differs on some features according to the 
above-mentioned study. First, unlike the previous 
study, the Tpe and Tpe-c intervals were gender 
independent. The mean ± SD value we obtained 
was approximately 10-15 ms lower than the 
previous study. This may be due to our assessment 
of 12-lead ECG withdrawal at rest. Also, Tpe interval 
measurement from Holter records may not be 
optimal. 

In the published studies, different methods were 
used for the measurement of Tpe. The “tangent” 
method usually performed manually, defines the 
T-peak as the maximum absolute T-wave deflection 
from the isoelectric line, and the T-end as the 
intersection of the isoelectric line and the tangent 
to the downslope of the T-wave. Various previously 
published studies have used the tangent method in 
V2, V5, DII, and the average of measurements in V1-
V6 and the average of measurements in V4-V6 [3, 
6, 8]. In another one, the automated GE Healthcare 
measurement algorithm ‘12SL/QT Guard Plus’s 
(12SL, described below) also has been used in 
previously published studies [8, 9, 10]. Although 
the optimal measurement is automatic 12 lead, 
this may not always be achievable. In our study, 
because of the lack of automatic measurement, the 
“tangent” method and V5 were used in our study. If 
V5 is not suitable for measurement, measurements 
were made from V4 and V6, and their averages 
were taken. 
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The Tpe interval and the ratio of this interval to 
the QT interval have been shown to be associated 
with the arrhythmic clinical condition, and also 
pose a high risk for sudden cardiac death [3-5, 11]. 
Association of the increased Tp-e interval and Tp-e/
QT ratio with arrhythmia and SCD, dispersion at 
repolarization between epicardial and endocardial 
regions of myocardium causing slow transmission 
in these two anatomical regions, and this situation 
causing an increase especially in re-entry related 
arrhythmia -the most common arrhythmia reason- 
are thought. 

In the literature, it has been reported that Tpe 
interval increases in coronary artery disease [5, 12, 
13], Brugada syndrome [14-16], heart failure [8, 9, 
17], Short QT [18], catecholaminergic polymorphic 
ventricular tachycardia [19], hypertrophic 
cardiomyopathy [20], and brain death from non-
cardiac diseases [21], gastroesophageal reflux 
[22] anorexia nervosa [23], hypothyroidism [24], 
obesity [25] and primary aldosteronism [26] and 
this has a diagnostic and prognostic significance. 
In these studies, different mean ± SD values were 
obtained in healthy controls taken alongside 
the patient groups. The most important reason 
for this may be the factors such as the derivation 
being measured, the measurement being done by 
manual or automatic methods, etc. It is observed 
that the lowest of the mean values obtained from 
9 studies was 68.6 ± 8.1 ms and the highest was 
95.6 ± 12.4 ms [25, 27]. At the Health 2000 Study 
(1,870 individuals) and Framingham Heart Study 
(3,745 individuals), which are two large studies 
involving huge number of participants with Tpe 
interval measurements, a Tpe interval of 73.6 ± 
8.4 and 95.6 ± 12.4 reported, respectively [27]. 
However, not all participants consisted of healthy 
controls in both studies [28]. In 2 studies containing 
a healthy control group conducted in our clinic, the 
Tpe interval value was shown to be around 70 ms 
[21, 26]. 

According to the data obtained in our study; Tpe 
mean and SD, median, minimum, and maximum 
values were found to be 70.3 ± 12.3 ms, 70 ms, 50 
ms and 100 ms, respectively. The 95% CI value of 

the Tpe interval was detected as 50-90 ms. Tpe-c 
mean and SD, median, minimum, and maximum 
values were found to be 76.1 ± 14.6 ms, 75 ms, 
48 ms and 128 ms, respectively. The 95% CI of the 
Tpe interval was detected as 53-100 ms. As far as 
we have researched, there is no data on normal 
reference range of Tpe and Tpe-c interval in healthy 
population. Therefore, we could not compare our 
values with any study data.

Limitations
There are some important limitations in our study. 
Firstly, while the healthy control group taken was 
relatively adequate, the performed study had a 
single center and a single ethnicity. Regarding this 
kind of limit value studies, it would be better if it were 
done with more communities and races. Another 
significant limitation is the Tpe measurement 
method in our study. As we mentioned earlier, 
more accurate data could be obtained if automatic 
measurement was made.

CONCLUSION

The relationship of long QT and Tpe intervals with 
arrhythmia is clearly shown. Especially, although 
the QTc normal reference range is clearly known, 
we still do not have clear information or evidence 
of the normal Tpe interval. As a result of our 
study, it was determined that the normal Tpe and 
Tpe-c interval values in adult, not-elderly and 
healthy normal population. It was thought that 
this information could be used for prolonged 
Tpe interval, which shows an increased risk of 
arrhythmia in daily practice. Our current findings 
consist of data obtained from a specific community 
of a specific region of our country. For this reason, 
it is necessary to conduct studies with different 
regions, different races, and more individuals, and 
compare these with our data.
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