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Abstract
Introduction: Purpose of this study was to investigate the changes in Tp-e/QTc rates
and Tp-e intervals in patients poisoned with tricyclic antidepressants. Methods: 187
patients whowere poisoned with tricyclic antidepressants and admitted to our emergency
department were included in this study. Control group consisted of 187 healthy
individuals with similar age and gender characteristics. All patients underwent 12-lead
electrocardiograms (ECG). In addition to QTc measurement, Tp-e/QTc ratios and Tp-e
interval were measured in the ECG. Study data were divided two groups as patients and
healthy controls. Results: It was found that the QTc interval, Tp-e interval, and Tp-
e/QTc ratio were significantly higher in the patient group compared to control group.
The analysis demonstrated that QTc interval; Tp-e interval and Tp-e/QTc ratio were
independently associated with heart rate. Conclusion: In poisoning with TCAs, the
rate of QTc interval, Tp-e/QTc and Tp-e interval has increased and is independently
associated with the heart rate in these patients. This may be the precursor of possible
fatal ventricular arrhythmias in tricyclic antidepressants.
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1. Introduction

Acute poisoning with tricyclic antidepressants (TCAs) is one
of the common causes of poisoning presenting to the emer-
gency room. Electrocardiographic (ECG) changes are themost
important marker detecting severe poisoning with anticholin-
ergic agents such as the TCAs. The presence of abnormal ECG
findings is a precursor of serious complications. Findings seen
on electrocardiography are prolongation of the PR interval,
widening of the QRS complex, long QT interval, AV block,
tachycardia and an increase in R/S ratio in the aVR derivation.
Careful evaluation is important as rhythm disorders may de-
velop that will increase mortality [1, 2].

ECG changes can be a precursor to ventricular arrhyth-
mias. These changes include the distance from the peak of
T wave to its end (Tp-e interval), QT and QTc time and
QT and QTc dispersion. Ventricular transmural dispersion
during repolarization is associatedmostly with Tp-e/QTc ratios
[3] while Tp-e is usually a sign of ventricular repolarization.
A prolonged Tp-e interval increases the risk of ventricular
arrhythmias and abnormal repolarization in the ventricles [4].
To our knowledge, there is no study on Tp-e interval and Tp-
e/QTc ratio used in the ventricular repolarization evaluation in
acute poisoning with TCAs in recent years.

Purpose of this study is to observe changes in Tp-e/QTc
ratios and Tp-e interval associated with TCA poisoning.

2. Method

2.1 Study Design
This was a retrospective study of patient records. The clinical
records of patients admitted to Adana City Training and Re-
search Hospital emergency medicine clinic due to poisoning
between 01 January 2018 and 31 December 2019 were exam-
ined. A total of 1985 records were examined, and 283 patient
records with features of TCA toxicity were observed. Of the
283 patient records reviewed, 69 patients were taking multiple
drugs and/or taking active substances other than TCA andwere
excluded from the study. Exclusion criteria for the remaining
214 patients whose files have been reviewed are as follows:
pharmacological treatments which would lengthen or shorten
the QTc range, a family history of sudden cardiac arrest or
syncope in the relations and patients, systemic or local acute
or chronic infection, being under 18 years of age, failure to
measure Tp-e and QTc in the ECG analysis, coronary artery
disease (CAD) history or major CAD risk factors, diabetes
mellitus, hypertension, medium-advanced valvular valve dis-
ease, systolic and diastolic heart failure and lack of file data.
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FIGURE 1. Measurement of QT and Tp-e Interval on
electrocardiograpy.

A final total of 187 patients met the inclusion criteria and
were included in the analysis. A comparative group of 187
healthy patients with sex and age characteristics close to the
patient group were included as a control group. The study was
conducted with the approval of the Local Ethics Committee
(Adana City Education and Research Hospital, Clinical Re-
search Ethics Committee, Date: 27.02.2020, Meeting Number:
51, Decision Number: 729), and all procedures followed were
in accordance with the ethical standards of Helsinki Principles.

Demographic information and vital signs of both patient and
control groups were scanned and age and sex characteristics,
heart rates, blood pressure values of all patients and controls
were recorded in the data registry form. Kidney function
tests, sodium, potassium, calcium levels and liver function test
parameters were measured from obtained blood samples.

2.2 Evaluation of ECG

The surface 12-lead electrocardiograms (ECG), set with a
paper speed of 25 mm/s and 10mm/1mV calibration, were
analysed (MAC 2000 ECG Machine, GE medical systems
information technologies, Inc., WI, USA). Presence of the
sinus rhythm on the ECGwas accepted as the inclusion criteria.
The QT time was calculated as the interval between the start
of the Q wave and where T wave ends in the isoelectric
line. (Fig. 1). QTc in patients with heart rate between 60 -
100/minute was accounted for by using the Bazett Formula
(QTc = QT/

√
R–R). Frederica Formula (QTc = QT/RR 1/3)

was used in order to calculate theQTc of patients with heart rate
outside the range of 60 - 100/minute. Tp-e interval was defined
as the time between the peak point of the T wave and the point
T wave connects to the isoelectrical line (Fig. 1). V5 lead was
used as the primary lead for all the measurements. In cases
where V5 was not suitable (amplitude< 1.5 mm), calculations
were made from the leads V4 or V6 [8]. Tp-e/QTc ratio was
calculated based on these measurements. All ECG recordings
were evaluated by two cardiologists unaware of the patients
clinical condition, who have experience of six years or more
in electrophysiology and evaluate more than 2000 arrhythmia
patients yearly.

2.3 Statistical Analysis
SPSS 22.0 (Chicago, IL, USA) statistical software package
were used to perform all analyzes. Kolmogorov-Smirnov test
was used to determine whether the distribution of continuous
variables was normal. Mean ± standard deviation was used
to present continuous variables and categorical variables were
presented as numbers and percentages. Continuous variables
with normal distribution were compared using the Student t
test, whereas the Mann-Whitney U test was used to compare
variables that do not follow a normal distribution. Cate-
gorical variables were compared using Chi-square (χ2) test.
We use kappa coefficient to examine all ECG measurements
for interobserver variability. The presence of a relationship
between countable parameters was determined using Pearson’s
and Spearman’s correlation analysis. p< 0.05 was accepted as
statistical significant.

3. Results

Electrocardiographic evaluations were successfully completed
in all patients. The Cohen kappa value for intra-observer and
interobserver variability for all ECG criteria was over 90%.
A comparison of the demographic data of the historical and

study groups, demonstrated no difference regarding age and
sex. Although the systolic and diastolic blood pressure, blood
urea nitrogen and potassium values of the clinical parameters
differed significantly between the groups, all four parameters
were within normal limits. When compared to the control
group, study subjects with tricyclic antidepressant overdose
showed longer QTc and Tp-e intervals associated with a higher
Tp-e/QTc ratio. (Table 1).
QTc, Tp-e interval and Tp-e/QTc measurements were pos-

itively correlated with the heart rate (Table 2). In linear
regression analysis, Tp-e-interval and Tp-e/QTc ratio were
detected to be independently related with heart rate (Table 3).
In the Scatterplot analysis performed with the Tp-e interval,

QTc interval and Tp-e/QTc ratios with heart rate, R2 linear
values were determined as 0.266, 0.311 and 0.285, respectively
(Table 3).

4. Discussion

The main finding of our study is that Tp-e/QTc ratios, QTc
interval and Tp-e intervals were significantly higher in the
group of patients poisoned with TCAs than the control group.
Literature research shows there are no other published studies
investigating the changes in the Tp-e interval and Tp-e/QTc
ratios in the patients with TCA overdose. Depolarization
of the ventricular myocardium occurs before ventricular re-
polarization and takes place from the endocardial region to
the epicardial region. During ventricular repolarization there
is dispersion between the epicardial and endocardial region.
The Tp-e interval, is associated with transmural ventricular
repolarization, is the interval between the T wave peak and
the end distance [3, 6]. The Tp-e/QTc ratios and Tp-e interval
predispose to a high risk of sudden cardiac death and are associ-
ated with arrhythmias in many pathological cardiac conditions
[4, 7–9]. The dispersion of repolarization between endocardial
and epicardial region in the ventricular myocardium causes
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TABLE 1. Comparison of demographic and laboratory findings groups.
Patients Group ( n = 187) Control Group (n = 187) p

Age (years) 29.91 ± 8.12 29.37 ± 8.23 0.528
Systolic blood pressure (mmHg) 116.36 ± 12.43 107.59 ± 13.60 < 0.001
Diastolic blood pressure (mmHg) 71.76 ± 8.46 70.00 ± 7.90 0.038
Heart rate (pulse/minute) 99.33 ± 9.56 76.57 ± 9.80 < 0.001
Urea (mg/dL) 34.38 ± 8.96 37.00 ± 7.02 < 0.001
Creatinine (mg/dL) 0.67 ± 0.18 0.70 ± 0.19 0.084
Sodium (mEq/L) 138.84 ± 2.12 138.68 ± 2.04 0.471
Potassium (mEq/L) 4.09 ± 0.40 4.20 ± 0.45 0.008
Glucose (mg/dL) 94.63 ± 10.27 99.21 ± 10.21 < 0.001
ALT (u/L)* 19.88 ± 7.59 20.83 ± 6.96 0.207
AST (u/L)** 25.11 ± 7.55 23.71 ± 6.82 0.061
Calcium (mg/dL) 9.48 ± 0.26 9.52 ± 0.27 0.114
QTc (msec) 459.22 ± 27.72 411.02 ± 13.65 < 0.001
Tp-e (msec) 94.22 ± 14.76 64.51 ± 10.43 < 0.001
Tp-e/QTc Ratio (%) 20.43 ± 2.45 15.68 ± 2.48 < 0.001
*ALT: Alanine aminotransferase, **AST: Aspartate aminotransferase.

TABLE 2. Correlation of QTc, Tp-e-interval and Tp-e/QTc raito with heart rate.
QTc Tp-e-interval Tp-e/QTc Ratio

r p r p r p
Heart rate (pulse/minute) 0.534 < 0.000 0.558 < 0.000 0.516 < 0.000

TABLE 3. A linear regression analysis for heart rate significantly correlated with QTc, Tp-e interval and Tp-e/QTc
ratio.

QTc Tp-e-Interval Tp-e/QTc Ratio
β p β p β p

Heart rate (pulse/minute) 0.534 < 0.001 0.558 < 0.001 0.516 < 0.001
R2 Linear for QTc, Tp-e interval and Tp-e/QTc ratio as 0.285, 0.311, 0.266, respectively.

slow transmission to these two anatomic regions and is thought
to increase re-entry-related arrhythmias.
The effects of TCAs on the heart are realized by voltage-

dependent Na+ channel and K+ channel blockade, and post-
synaptic inhibition of central and peripheral α-adrenergic re-
ceptors. Voltage-dependent Na+ channel blockade is the root
cause of cardiotoxicity (arrhythmias, conduction blocks and
hypotension) caused by TCA’s. Inhibition of fast Na+ chan-
nels in His-Purkinje cells causes depolarization delay and con-
duction abnormality. Na+ channel blockade results in elon-
gation of the action potential in Phase 0, tachycardia, hy-
potension, hyponatremia and acidosis. Na+ channel blockade
leads to hypotension, various heart blocks, right axis devia-
tion, QRS enlargement and ectopic heart beats. In addition,
through voltage-dependent K+ channel blockade, bradycardia
and prolonged QTc interval are observed [10]. The most
common rhythm disorder of associated with TCA toxicity is
sinus tachycardia. Non-uniform ventricular conduction due to
anterograde conduction may also cause ventricular tachycar-
dia. The prolongation of the QT interval is an ECG finding
that can be seen with either therapeutic or toxic doses of TCAs.
QT prolongation is due to slowed depolarization. Patients with
QT prolongation are prone to torsades de pointes rhythm [11].

Our study demonstrates that prolongation of the QTc interval,
and increases in the Tp-e interval and Tp-e/QTc ratio predict
prolongation of ventricular prolongation.
There are many studies which show QTc increases in acute

TCA toxicity [12–14]. Okayasu et al examined the effect of
antidepressants on the change of QTc interval, Tp-e interval
and Tp-e/QTc ratio and found that there was an increase in
the QTc ratio, but not in the Tp-e interval and Tp-e/QTc ratio
[15]. However, this research was conducted on patients using
prescribed doses of TCAs. There is no study investigating Tp-
e interval and Tp-e/QTc ratio in TCA toxicity. Our research
also demonstrates that increase in the heart rate of patients has
a significant correlation with the increase in Tp-e interval and
Tp-e/QTc ratio in addition to the QTc interval. This finding
may be related to cardiac toxicity caused by competitive inhi-
bition of Na+ and K+ channels of TCA’s.

5. Conclusion

In addition to QTc evaluation of patients with acute poisoning
with TCA during routine ECG evaluation, the measurement
of Tp-e-interval and Tp-e/QTc ratios, should be made. An
elevation of these values may be an early precursor of ventric-
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ular arrhythmias. Further studies are needed to support these
findings.

LIMITATION OF STUDY

The retrospective design of the study is an important limitation
of our study. Further research with prospective design and
higher number of patients can provide more information about
this subject.
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