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Evaluation of Tp-e interval, Tp-e/QT ratio, and Tp—e/QTc ratio in
patients with Behcet's disease
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ABSTRACT

Objective: Behget's disease (BD), a multisystemic inflammatory disorder, has been associated with a number of cardiovascular dysfunctions,
including ventricular arrhythmias and sudden cardiac death. The mechanism of increased ventricular arrhythmias in BD remains uncertain. The
aim of the present study was to assess the ventricular repolarization by using the Tp—e interval, Tp—e/QT ratio, and Tp—e/QTc ratio as candidate
markers of ventricular arrhythmias in patients with BD.

Methods: A total of 42 patients (mean age: 42.71£10.99 years) with BD and 50 sex- and age-matched healthy volunteers (mean age: 39.24+11.32
years) as the control group were evaluated. The risk of ventricular arrhythmia was evaluated by calculating the electrocardiographic, the Tp—e
interval, and the QT, QTc, Tp—e/QT, and Tp—e/QTc ratios.

Results: QTmax (p=0.005), QTcmax (p=0.015), QTmin (p=0.011), and QTcmin (p=0.024) were statistically significantly higher in the BD group thanin the
control group. The Tp—e, cTp—e, Tp—e/QT, and Tp—e/QTc ratios were also significantly higher in patients with BD than in the control group (80.26+4.55
and 74.74+6.47, respectively, p<0.001; 83.23+6.36 and 82.68+7.81, respectively, p<0.001; 0.21+0.01 and 0.20+0.01, respectively, p=0.008; and 0.19+0.01
and 0.18+0.01, respectively, p=0.01). Positive correlations were found between Tp—e/QTc ratio and disease duration (r=0.382, p=0.013).

Conclusion: Our study showed that the Tp—e interval, Tp—e/QT ratio, and Tp—e/QTc ratio, which are evaluated electrocardiographically in pa-
tients with BD, have been prolonged compared with normal healthy individuals. A positive correlation was determined between disease duration
and Tp—e/QTc ratio. These results may be indicative of an early subclinical cardiac involvement in patients with BD, considering the duration of
the disease. Therefore, these patients should be more closely screened for ventricular arrhythmias. (Anatol J Cardiol 2019; 22: 85-90)
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(5, 6). Previous studies have shown that ventricular arrhythmias
in patients with BD are more frequent than those in healthy con-
trols (7, 8). However, the mechanism of increased ventricular ar-
rhythmias in BD remains uncertain.

Myocardial repolarization can be assessed with QT inter-
val (QT), corrected QT interval (QTc), QT dispersion (QTd), and

Introduction

Hulusi Behcet, a Turkish doctor, described Behget's disease
(BD) in 1937 as a triad of recurrent aphthous ulcers in the mouth,
genital ulcer, and recurrent uveitis episodes (1). This disease can
be seen as the involvement of the mucocutaneous, eye, gastro-

intestinal, respiratory, neurological, urogenital, joint, and car-
diovascular systems (2). Heart involvement is rarely known as
"Cardio-Behget's disease," and the mortality rate in the literature
is reported between 7% and 46% (3, 4). Cardiovascular involve-
ment of BD consists of pericarditis, myocarditis, endocarditis,
dilated cardiomyopathy, right-sided endomyocardial fibrosis,
disturbances of the conduction system, atrial fibrillation, life-
threatening ventricular arrhythmias, and sudden cardiac death

transmural dispersion of repolarization (TDR) (9, 10). Tp—e inter-
val, which is the interval between the peak and the end of the T
wave on an electrocardiogram (ECG), is accepted as an index of
TDR (10). However, in many studies in the literature, Tp—e/QT and
Tp—e/QTc ratios were used as a new electrocardiography index
for ventricular arrhythmogenesis (11, 12). Previous studies have
examined the frequency of qrs fragmentation and QTd in predic-
tors of ventricular arrhythmias in patients with BD (13, 14). How-

Address for correspondence: Dr. Siho Hidayet, Indnii Universitesi Tip Fakiiltesi,

Kardiyoloji Anabilim Dali, 44100, Malatya- Tiirkiye
Phone: +90 422 341 06 60/4502 E-mail: shhidayet@hotmail.com
Accepted Date: 13.06.2019 Available Online Date: 29.07.2019
©Copyright 2019 by Turkish Society of Cardiology - Available online at www.anatoljcardiol.com

DOI:10.14744/AnatolJCardiol.2019.70019


https://orcid.org/0000-0002-4103-9345
https://orcid.org/0000-0001-8349-6651
https://orcid.org/0000-0002-2796-899X
https://orcid.org/0000-0001-5716-8750
https://orcid.org/0000-0002-1249-7240

Hidayet et al.
Repolarization anomalies in Behget disease

86

ever, the Tp—e interval, Tp—e/QT ratio, and Tp—e/QTc ratio, novel
repolarization indexes, have not been studied in these patients.
The aim of the present study was to evaluate the myocardial re-
polarization in patients with BD using the Tp—e interval, QT and
QTc, Tp—e/QT ratio, Tp—e dispersion, and Tp—e/QTc ratio.

Methods

Study design
This was as an observational, cross-sectional study.

Study population

A total of 42 patients who met our study criterion who were
diagnosed with BD according to the International Study Group
for BD diagnostic criteria were recruited from our patients’ pool
(15). A total of 50 sex- and age-matched healthy volunteers were
randomly selected for the control group. The Local Ethics Com-
mittee approved the study protocol. Informed written consent
was obtained from each patient.

Patients with the following conditions were excluded from
the study: coronary artery disease and/or previous myocar-
dial infarction, left ventricular (LV) dysfunction, hypertension,
diabetes mellitus, moderate-to-severe valve disease, hepatic
and renal failures, chronic lung disease, thyroid dysfunction,
atrial fibrillation, history of dysrhythmia, history of pacemaker
or cardioverter defibrillator implantation, bundle branch block,
evidence of any other intraventricular conduction defect, bra-
dycardia (<60 beats/min), tachycardia (>100 beats/min), electro-
lyte abnormalities, and poor-quality imaging on two-dimensional
echocardiography. All the patients were in sinus rhythm, and
none of the participants were taking antiarrhythmic drugs, be-
ta-blockers, non-dihydropyridine calcium-channel blockers, tri-
cyclic antidepressants, antihistamines, or antipsychotics for at
least 6 months before the study.

Weight and height measurements were performed, and body
mass index (BMI) was calculated as the ratio of weight to height
squared (kg/m?). Blood pressure was measured consecutively
three times, 15 min apart in the sitting position, and the mean
value was used. The disease duration was estimated by con-
sidering the day of the initial examination, in which the patient
fulfilled all the International Study Group criteria, to be the on-
set. Samples for complete blood count (CBC) analysis were col-
lected in EDTA-anticoagulated tubes (VacuSEL, Turkey). Blood
samples were analyzed using Sysmex XN 1000 automated he-
matology analyzer (Sysmex Corporation, Kobe, Japan) for CBC.
In addition, the serum C-reactive protein (CRP) was measured
by chemiluminescence microparticle immunoassay (ci 4100 AR-
CHITECT, USA).

Electrocardiographic and echocardiographic assessments
All echocardiographic examinations were performed by
the affinity 50 ultrasound imaging system with S4-2 transducer
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(Philips, Bothell, WA, USA). In the left lateral decubitus posi-
tion, parasternal long and short axes, apical 4 and 2 chamber
images were obtained. Left atrial, LV end-systolic, and LV end-
diastolic diameters were obtained from 2D images. The ejec-
tion fraction was calculated using Simpson’s biplane method.
The apical four-chamber view was acquired by PW Doppler
method with the sample volume positioned at the tip of the mi-
tral valve leaflets that allowed to calculate the maximum ve-
locities of early diastolic peak transmitral flow velocity (E) and
late diastolic peak transmitral flow velocity (A) in cm/s. The E/A
ratio was calculated. E wave deceleration time is calculated
in milliseconds (ms). Again, mitral lateral annulus peak early
diastolic (Em), peak late diastolic, and systolic wave velocities
were measured in cm/s by tissue Doppler in apical four-cham-
ber sections. Thereafter, the same tissue was measured as
myocardial isovolumetric relaxation time (IVRT), isovolumetric
contraction time, and ejection time (ms) in the Doppler image.
E/Em ratio was also calculated.

ECG recorder (Nihon Kohden, Tokyo, Japan) set at 50 mm/s
paper speed and 10 mm/mV voltage was used. The maximum
and minimum QT and Tp—e intervals were performed by two
cardiologists who were blinded to the patient data. QT and
Tp—e intervals were measured manually with calipers and
magnifying glass to reduce the error rate. Subjects with U
waves on their ECGs were excluded from the study. The QT
interval was measured from the beginning of the QRS complex
to the end of the T wave and corrected for heart rate using the
Bazett formula: QTc=QTV (R-R interval). Maximum (QTmax)
and minimum (QTmin) QT-wave durations were defined as
the longest and shortest measurable QT-wave durations, re-
spectively, in any lead. Accordingly, corrected QT dispersion
(QTcd) was calculated as the difference between maximal
and minimal QTc intervals. Tp—e interval was defined as the
interval between the peak and the end of T wave. Measure-
ments of Tp—e interval were performed from precordial leads
(16). The Tp—e/QT and Tp—e/QTc ratios were calculated from
these measurements.

Statistical analysis

Statistical analyses were performed using SPSS software
(version 20.0; SPSS Inc., Chicago, IL, USA). Continuous vari-
ables were presented as meanzstandard deviation, and cat-
egorical variables were expressed as number and percentage.
Continuous variables were compared between the groups us-
ing the Student’s t-test according to whether normally distrib-
uted, as tested by the Shapiro—Wilk test. The Chi-square test
was used to assess the differences between categorical vari-
ables according to their distribution. Pearson’s or Spearman’s
correlation coefficient tests were used to assess the strength
of the relationship between Tp—e/QTc ratios and BD duration.
Bland—Altman plots were used to determine the limits of agree-
ment, and 95% confidence interval about the mean difference
both within and between observers was constructed to test for
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bias between assessors. A p value <0.05 was accepted as sta-

tistically significant.

Results

Clinical characteristics and echocardiographic findings of
patients with BD and control subjects are shown in Table 1.
There were no statistically significant differences between the
groups with respect to age, sex, BMI, systolic and diastolic blood
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pressure, LV end-diastolic dimension, thickness of the interven-
tricular septum, left atrium dimension, and LV ejection fraction
(p>0.05). There was also no difference between the two groups
with respect to plasma level of CRP and erythrocyte sedimenta-
tion rate (p>0.05). There was no statistically significant differ-
ence between the two groups with respect to diastolic param-
eters (E, E/A IVRT, Sseptal, and E/Em) (p>0.05). The mean disease
duration was 14.27+8.5 years.

The electrocardiographic parameters of the groups are
shown in Table 2. The QTmax (p=0.005), QTcmax (p=0.015), QTmin

Table 1. Demographic, biochemical, and echocardiographic characteristics of the controls and patients with Behcet's disease
Behcet's disease (n=42) Controls (n=50) Pvalues
Age (years) 42.71+10.99 39.24+11.32 0.141
Sex (Male/Female) 23/19 28/22 0,907
Body mass index (kg/m?) 27.62+5.55 26.37+3.67 0.199
SBP (mm Hg) 117.38+12.55 113.90+8.70 0.121
DBP (mm Hg) 72.69+9.53 71.60+7.85 0.549
Disease duration (years) 14.27+8.5
Glukoz (mg/dL) 97.74+13.35 95.58+11.72 0.411
Kreatinin (mg/dL) 0.83+0.132 0.83+0.134 0.978
Triglycerides (mg/dL) 159.9+82.58 143+61.57 0.264
HDL cholesterol (mg/dL) 45.97+10.36 49.56+10.49 0.104
LDL cholesterol (mg/dL) 108.91+26.79 112.76+31.95 0.538
Hemoglobin (g/dL) 14.21+1.37 14.62+1.62 0.202
CRP (mg/L) 6.75+11.49 4.23+8.92 0.239
Sedimentasyon (mm/h) 13.20+6.83 12.82+8.95 0.821
Medications n (%)
Colchicine 24 (57) %
NSAI drugs 2(4.7) %
Corticosteroids 5(11.9) %
Azathioprine 4(9.5) %
Cyclosporine 3(7.1) %
Echocardiography (2D)
LVEF (%) 61.31+2.94 62.04+2.76 0.223
LVEDD (mm) 46.74+3.63 46.52+2.89 0.749
IVS (mm) 0.95+0.11 0.94+0.78 0.769
Left atrial diameter (mm) 3.44+0.38 3.40+0.28 0.497
E 78.7£14.9 83.4+12.14 0.103
E/A 1.16+0.29 1.24+0.21 0.108
IVRT 76.43+11.4 72.6+11.4 0.112
Sseptal (cm/sn) 7.89+1.02 7.96+1.08 0.747
E/Em 6.16+1.07 5.84+1.14 0.166
Values are presented as meanststandard deviation.
SBP - systolic blood pressure; DBP - diastolic blood pressure; HDL - high-density lipoprotein; LDL - low-density lipoprotein; CRP - C-reactive protein; LVEF - left ventricular ejection
fraction; LVEDD - left ventricular end-diastolic diameter; IVS - interventricular septum; NSAI - nonsteroidal anti-inflammatory
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Table 2. Electrocardiographic findings of the two groups
Behcet's disease (n=42) Controls (n=50) Pvalues
QTmax (ms) 389.02+17.44 375.20+26.57 0.005
cQTmax (ms) 427.35+20.65 414.6+27.14 0.015
QTmin (ms) 361.90+18.24 350.92+21.77 0.01
¢QTmin (ms) 397.88+20.14 387.56+22.46 0.024
QTd (ms) 27.11£10.39 24.28+13.07 0.259
¢QTd (ms) 29.86+11.77 26.77+14.27 0.268
Tp-e (ms) 80.26+4.55 74.74+6.41 <0.001
cTp-e (ms) 88.23+6.36 82.68+7.81 <0.001
Tp-e/QT 0.21+0.01 0.20+0.01 0.008
Tp-e/cQT 0.19+0.01 0.18+0.01 0.010
Tp-e dispertion 21.2+4.3 14.2+3.4 <0.001
Values are presented as mean+standard deviation
QTmax - QTmaximum; QTcmax - corrected QT maximum; QTmin - QT minimum; QTcmin - corrected QT minimum; QTd - QT dispersion; QTcd - corrected QT dispersion;
Tp—e - transmural dispersion of repolarization; cTp—e - corrected transmural dispersion of repolarization; Tp—e/QT - transmural dispersion of repolarization/QT;
Tp—e/QTc - transmural dispersion of repolarization/corrected QT
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Figure 1. The Bland—Altman plot figure
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Figure 2. Correlations between Tpe—QTc ratio and disease duration

(p=0.011), and QTcmin (p=0.024) were statistically significantly
higher in the BD group than in the control group. The Tp—e, cTp—
e, Tp—e/QT, and Tp—e/QTc ratios were also significantly higher
in patients with BD than in the control group (80.26+4.55 and
74.74+6.47, respectively, p<0.001; 88.23+6.36 and 82.68+7.81, re-
spectively, p<0.001;0.21+0.01 and 0.20+0.01, respectively, p=0.008;
and 0.19+0.01 and 0.18+0.01, respectively, p=0.01, Table 2). The
Bland—Altman plot showed the mean bias+SD for intraobserver
Tpe interval measurements as 0.501+3.555 (limits of agreement
were -6.467 and 7.468) (Fig. 1a), for intraobserver Tpe/QT ratio
measurements as -0.833+3.771 (limits of agreement were -8.225
and 6.559) (Fig. 1b), and for intraobserver Tpe/QTc ratio mea-
surements as 0.064+4.086 (limits of agreement were -7.945 and
8.0723) (Fig. 1c). In addition, we found that QTd and QTcd values
increased in patients with BD, but this increase was not sta-
tistically significant. Positive correlations were found between
Tp—e/QTc ratio and disease duration (r=0.382, p=0.013) (Fig. 2).
No significant correlation was found between QT parameters
(QT dispersion, QTcmax, and QTcmin) and disease duration.
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Discussion

We found that the Tp—e, cTp—e, Tp—e/QT, and Tp—e/QTc ra-
tios were longer in patients with BD than in healthy subjects.
However, there was a statistically significant positive correlation
between disease duration and Tp—e/QTc.

Although cardiac involvement is not common in BD, com-
plications, such as complex ventricular arrhythmias and sud-
den cardiac death, have been reported (13). In the literature, it
has been shown that the incidence of ventricular arrhythmia is
higher in patients with BD than in normal healthy individuals, but
the pathophysiology of this increase has not been fully clarified.
Tp—e interval is defined as the total dispersion index of ventricu-
lar repolarization (10, 11). The relationship between prolonged
Tp—e interval and ventricular arrhythmias and mortality was
shown (17, 18). Since Tp—e interval is affected by heart rate vari-
ability and body surface area, Tp—e/QTc index is considered to
be more meaningful as ventricular repolarization index because
it is not affected by these variables (19, 20). We believe that in-
creased Tp—e, Tp—e/QT, Tp—e/QTc, and Tp—e dispersion ratios in
patients with BD increase ventricular repolarization heterogene-
ity and ventricular arrhythmias and may help to clarify the patho-
physiological mechanisms in these patients.

In previous studies, increased mortality was observed in
patients with both Brugada syndrome and long QT syndrome
if they had longer Tp—e intervals (19). BD is a systemic disease
that may affect the cardiovascular coronary microcirculation of
the pathophysiological changes in the system (14). It is known
that the disease is a vasculitis affecting arteries and arterioles,
and it causes focal fibrinoid and fibroelastic proliferation in the
vessel lumen over time (21). Myocardial ischemia and functional
abnormalities and the resulting myocardial fibrosis can stem from
vasculitis of the small arteries and arterioles in the coronary vas-
cular bed and impairment of the microcirculation (22). Myocardial
fibrosis may prolong these parameters. Ventricular repolarization
was previously evaluated using QTd measurements in BD, and
these studies have shown that QTd increases in patients with BD
(7, 13). Tp—e dispersion, Tp—e/QT ratio, and Tp—e/QTc have been
proposed to be better markers of ventricular repolarization than
QT parameters (5, 23). In our study, we found that QTd increased,
but this increase was not statistically significant in patients with
BD. This may be due to the small number of patients and may also
be because the QTd deteriorates later than the other ventricular
repolarization parameters. To the best of our knowledge, this is the
first study to evaluate the new parameters of Tp—e interval, Tp—e/
QT ratio, and Tp—e/QTc in patients with BD. Therefore, to clarify
this issue, larger randomized studies are needed.

Prolongation of Tp—e interval, Tp—e/QT, and Tp—e/QTc dura-
tion may be a cause of ventricular arrhythmias in patients with
BD. In our study, there was a positive correlation between the
duration of the disease and Tp—e/QTc. As in many other chronic
diseases, the date of the first diagnosis was taken as the onset of
BD in our study. For this reason, it is thought that it will be more
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beneficial to detect and prevent arrhythmic events that may de-
velop in patients who have long-term BD. We think that our study
may be a first on this topic. Many studies are needed to support
our findings.

Study limitations

Our study has several limitations. The main limitation of our
study was that the cross-sectional design of the study limited
the follow-up with respect to ventricular arrhythmias. Long-term
Holter recording would be useful to evaluate the incidence of
ventricular arrhythmias in these patients. For standardization,
to determine the duration of the disease, we based the date of
diagnosis at the hospital. This is a limitation of the study and is
also an inevitable condition in similar chronic diseases. To show
correlations between these parameters and arrhythmic events
in this population, large prospective studies are needed.

Conclusion

To our knowledge, this is the first study to evaluate the myo-
cardial repolarization using the Tp—e interval and Tp—e/QT ratio
in patients with BD. We think that it would be useful to follow-up
the electrocardiographic parameters of patients who were fol-
lowed up for BD. Large-scale long-term studies are needed to
support our data.
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