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INTRODUCTION

~20D ABSTRACT Coor

Objective: We aimed to investigate whether there is a change in Tp-e interval, Tp-e/
QT and Tp-e/QTc ratios in patients with brain death.

Materials and Methods: Fifty brain death patients and 50 age and sex matched healthy

controls were included in the study. In addition to routine evaluation, Tp-e interval,
Tp-e / QT and Tp-e / QTc ratios were measured in 12-lead electrocardiography. Tp-e

was measured in the precordial leads using the Tail method; the time from the peak

of the T wave to the point where the wave reached the isoelectric line.

Results: White blood cell, aspartate aminotransferase, alanine aminotransferase and

high sensitive c reactive protein levels were significantly higher in patients with brain

death. The frequency of patients with QTc prolongation, Tp-e interval, Tp-e/QT and

Tp-e/QTc values were significantly higher in patients with brain death (p <0.05). Tp-e

interval, Tp-e/QT and Tp-e/QTc values were found to be positively correlated with

HsCRP (p<0.001 for all).

Conclusion: Tp-e interval, Tp-e / QT and Tp-e / QTc ratios are increased in patients

with brain death compared to healthy controls. The mechanisms of this association

and possible relationship with neuroendocrine changes should be investigated in fu-
ture studies.

Keywords: Tp-e interval, Tp-e/QTc ratio, Brain death, QT interval

People diagnosed with brain death progress to so-
matic death in a few days due to vasodilatation
and cardiac dysfunction due to sympathetic ner-
vous system collapse caused by brain ischemia [1].
Pulmonary edema and diabetes insipidus in the
early stages of brain death may accelerate this car-
diopulmonary failure [2]. However, there is limited

information about changes in electrocardiography
(ECG) and cardiac arrhythmias in patients with brain
death.

There are many ECG parameters related to ventricu-
lar repolarization and are associated with risk of ven-
tricular arrhythmias. These parameters are QT and
QTc time, QT and QTc dispersion and T wave peak to
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end interval (Tp-e interval). The Tp-e / QTc and Tp-e /
QTc ratios are associated with ventricular transmural
dispersion during repolarization [3]. Increased Tp-e
interval shows abnormal spread of ventricular repo-
larization wave and is associated with increased risk
of ventricular arrhythmias [4]. Brain death and acute
brain injury were thought to affect the autonomic
nervous system and their effects on ventricular re-
polarization, and thus Tp-e interval [5]. To the best
of our knowledge, there are limited data on QT and
QTc interval, QT and QTc dispersion for the risk of
cardiac arrhythmias and the effect of brain death on
ventricular repolarization [5,6]. However, there is no
study on the Tp-e interval, Tp-e / QT and Tp-e / QTc
ratios.

Therefore, in our study, we aimed to investigate
whether there was a change in Tp-e interval, Tp-e /
QT and Tp-e / QTc ratios in patients with brain death
compared to the control group of the same age
and gender.

MATERIAL and METHODS

Patients Populations

Between 2011 and 2019, 100 patients with a diag-
nosis of brain death were retrospectively reviewed
in Adana Numune Training and Research Hospital
and Adana City Hospital. Brain death diagnosis was
made by a group of four medical doctors from an-
esthesia and reanimation, neurology, neurosurgery
and cardiology as described in the 2014 Turkish
Neurological Society’'s Brain Death Guideline [7].
50 patients with brain death (29 males, 21 females
and mean age 44.7 + 174 years) and 50 healthy
controls (27 males, 23 females and mean age 45.9
+ 16.4 years) were included in the study. We select-
ed age and sex matched healthy control group pa-
tients with no history of any medical condition from
the outpatient unit of our cardiology clinic. From
patients who were screened for brain death; pa-
tients under 18 years old, patients with suboptimal
Tp-e and QTc measurements on the ECG examina-
tion, known coronary artery disease (CAD) or hyper-
tension, diabetes mellitus from major risk factors of
CAD, intermediate or advanced valvular heart dis-
ease, systolic heart failure, syncope or sudden car-
diac arrest in the family or personal history, acute or
chronic systemic or local infection and patients who

use drugs known to prolong or shorten QT interval
were excluded from the study. The study was con-
ducted in accordance with the principles of Helsinki;
and approved by the Local Ethics Committee (Adana
City Hospital, Ethics Committee, 2018).

Laboratory values and echocardiography of all pa-
tients were examined. Demographic data of all pa-
tients; sex, height, weight, body mass index, blood
pressure values were recorded from the files in the
archive. Complete blood count, renal function tests,
liver function tests, high sensitive C reactive protein
(hs-CRP) values were recorded from routine bio-
chemistry parameters. From the recorded echocar-
diography images and reports; the patients were
evaluated for organic heart disease, valvular heart
disease or systolic dysfunction [8].

12-lead Electrocardiographic Evaluation
Twelve-lead ECG were registered on MAC 2000
ECG recorders (GE medical systems information
technologies, Inc.,WI, USA) using a 25 mm/s paper
speed and 1 mv/10 mm standard calibration in pa-
tients with sinus rhythm. The time from the begin-
ning of the P wave to the beginning of the QRS com-
plex was measured as the PR interval. The QT inter-
val was calculated from beginning of the QRS com-
plex to the end of the T wave. QTc was calculated
using the Bazett Formula (XXX = KX/+/X - X). QTc val-
ues longer than 460 miliseconds in women and 450
miliseconds in men was accepted as prolonged QTc.
Tp-e was measured in the precordial leads using the
Tail method; the time from the peak or nadir of the
T wave to the point where the wave reached the
isoelectric line [9]. Tp-e measurements were made
primarily from V5 (Figure 1). If V5 is not suitable for
measurement (@mplitude <1.5 mm), measurements
are made from V4 or V6 [10]. All ECG examinations
were evaluated by two electrophysiologists who
had at least 5 years of experience in electrophysiol-
ogy and who were blind to the patient data. To de-
crease the error of the measurements, QT and Tp-e
intervals were measured manually with calipers and
magnifying glass. As a result of this evaluation, if
there was an incompatible result between the two
electrophysiologists (interobserver difference), the
final decision was given by the 3rd electrophysiol-
ogy specialist.
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Figure 1. (A) Tp-e / QTc measurement in a patient with brain death, (B) Tp-e / QTc measurement in a patient without

brain death
Statistical Analysis

Statistical analyses were performed using SPSS sta-
tistical software (version 20.0; SPSS Inc., Chicago, IL,
USA). A two-sided P value <0.05 was considered sig-
nificant and the CI was 95%. Continuous variables
were expressed as mean + SD or median (interquar-
tile range) and categorical variables were expressed
as percentages. Continuous variables were tested
for normal distribution by the Kolmogorov-Smirnov
test. Categorical variables were analyzed by chi-
square test or Fisher’s exact test. Comparisons of
continuous variables between the two groups were
performed using the Student’s t-test. The kappa
coefficient was used to examine the interobserver
variability of the all ECG measurements. Pearson’s
and Spearman’s correlation were used to examine

Table 1. Comparison of demographic and laboratory findings

the relationship between continuous variables.
RESULTS

Cohen kappa values that evaluate interobserver
and intraobserver variability were over 90% for all
ECG criteria.

Comparison of Demographic,
Laboratory Variables

Age and sex were found to be similar between
groups. The blood pressure of the two groups was
also similar. White blood cell (WBC), aspartate ami-
notransferase (AST), alanine aminotransferase (AST)
and hsCRP levels were significantly higher in pa-
tients with brain death. Other laboratory data were
similar between the two groups (Table 1).

Clinical and

Brain death group Control group
n=50 n=50 P
Age (years) 44.7+17.4 50.9+16.4 0.069
Male gender n (%) 29 (48) 27 (54) 0.859
(Sr’r'lsr;‘:;"i;)b'o"d pressure, 132.9+13.4 130.2415.6 0.354
aiqanitHog)c blood pressure 741109 76.0+11.5 0.397
Height (cm) 76.1£8.2 165.£10 0.301
Weight (kg) 82.5+7.5 73.5£6.3 0.068
Body mass index (kg/m?) 27.5+2 27.2+1.7 0.323
White blood cell (103/ulL) 12.8+6.5 9.7+26 0.002
Hemoglobin (g/dl) 10.8 £1 11.2£1.1 0.082
Platelet (103/uL) 181.9+£122.2 121.2+£86.5 0.160
Urea (mg/dl) 60.0 £ 45.1 31+£85 0.236
Creatinine (mg/dl) 0.81+1.14 0.74+0.13 0.624
Glomerular filtration rate 84.3 84.7 0.933
Sodium (mEq/L) 143.6 £ 11.2 142.3+6.8 0.490
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Potassium (mEq/L) 45+0.6
AST (mg/dl) 90.3+76
ALT (mg/dl) 50.0 23
Hs-CRP 59.7 £0.3

4.31+£0.5
30.0+13.7
23.0+10.5
1.5 £05

0.401
<0.001
<0.001
<0.001

ALT: Alanine aminotransferase, AST: Aspartate aminotransferase CRP: C reactive protein

Comparison of Electrocardiographic Variables

When the electrocardiographic parameters were examined; The frequency of patients with QTc prolon-
gation, Tp-e interval, Tp-e / QT and Tp-e / QTc values were significantly higher in patients with brain death

Table 2. Comparison of ECG findings

Brain death group

n=50
Heart rate (bpm) 80.4+16.2
PR interval (ms) 146.0+17.9
QRS duration (ms) 88.6+11.7
QRS axis 38.5+36.6
Ventricular extra systole, n (%) 4 (8%)
lSelfzr(a:’Z()entncular extra systo- 4(8%)
QT interval (ms) 386.4+43.8
QTc interval (ms) 422.1+63.4
EZ:’e?\t(SO/Z;”th QTc prolonga- 18 (36%)
Tp-einterval (msn) 92.3+18.9
Tp-e/QT 0.24+0.1
Tp-e/QTc 0.22+0.1

Control group
n=50

80.4+17.8
141.1+11.
87.5£10.8
34.8+31.8
0(0)

0(0)

372.4+45.6
402.2+32.9

0 (%0)

70.4+18.5
0.19+0
0.18+0

0.995
0.108
0.682
0.594
0.117

0.117

0.164
0.093

<0.001

<0.001
<0.001
<0.001

QTc: Corrected QT interval

Correlation  Analysis

of ECG and Laboratory

Figure 2. Tp-e/QT ratio was found to be positive-

Parameters

Correlation analysis of ECG and laboratory parame-
ters was shown in Table 3. Tp-e interval was found
to be positively correlated with HsCRP (r=0.387,
p<0.001), ALT (r=0.251, p=0.012), AST (r=0.249,
p=0.012) and potassium values (r=0.209, p=0.037)
in bivariate analysis. Scatter plot diagram of the re-
lationship of Tp-e interval with HsCRP is shown in

Table 3. Correlation analysis of ECG and laboratory data

ly correlated with HsCRP (r=0.348, p<0.001), ALT
(r=0.283, p=0.004), AST (r=0.312, p=0.002) and WBC
(r=0.205, p=0.041) in bivariate analysis. Tp-e/QTc ra-
tio was found to be positively correlated with HsCRP
(r=0.371, p<0.001), ALT (r=0.275, p=0.006) and AST
(r=0.327, p=0.001) in bivariate analysis. Scatter plot
diagram of the relationship of Tp-e/QTc ratio with
HsCRP is shown in Figure 3.

Tp-einterval Tp-e/QT ratio Tp-e/QTc ratio
r p r p r p
Hs-CRP 0.387 <0.001 0.348 <0.001 0.371 <0.001
ALT 0.251 0.012 0.283 0.004 0.275 0.006
AST 0.249 0.012 0.312 0.002 0.327 0.001
WBC 0.122 0.227 0.205 0.041 0.215 0.032

Tp-e: T wave peak to end interval, QTc: Corrected QT interval
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Figure 2. Scatter plot diagram of the relationship of Tp-e inter-
val with HsCRP.

DISCUSSION

The main findings of the present study are that: 1)
We found significant increase of Tp-e interval, Tp-e /
QT and Tp-e / QTc ratios in patients with brain death
compared to healthy controls. 2) Tp-e interval, Tp-e
/ QT and Tp-e / QTc ratios were found to be positive-
ly correlated with HsCRP. To the best of our knowl-
edge, this is the first study to demonstrate signifi-
cant increase of Tp-e interval, Tp-e / QT and Tp-e /
QTc ratios from ventricular repolarization parame-
ters in patients with brain death.

Depolarization of ventricular myocardium occurs
from the endocardial region to the epicardial re-
gion. Ventricular repolarization follows ventricular
depolarization. There is a dispersion between the
endocardial and epicardial region during ventric-
ular repolarization. The interval between the peak
of the T wave and the end of the T wave is called
the Tp-e interval and is associated with this trans-
mural ventricular repolarization [3,11]. The Tp-e in-
terval and the ratio of this interval to the QT interval
have been shown to be associated with the arrhyth-
mic events in many cardiac pathological conditions
and also pose a high risk for sudden cardiac death
[4,12-14]. The association of increased Tp-e interval
and Tp-e / QT ratio with arrhythmia and SCD may
be the result of the dispersion occurring in the re-
polarization between the epicardial and endocardi-
al region of the ventricular myocardium which caus-
es slow transmission and re-entry.

Although there are studies evaluating QT and QTc
interval and QT dispersion from ventricular repo-
larization parameters in patients with brain death,
there are no studies investigating Tp-e interval, Tp-e
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Figure 3. Scatter plot diagram of the relationship of Tp-e/QTc
ratio with HsCRP

/ QT and Tp-e / QTc ratio [5,6]. In a study by Vakilian
et al. [5], heart rate variability was found to be low-
er in patients with brain death compared to pa-
tients with comatose state, but no significant differ-
ence was found between the two groups in terms
of QT dispersion. In a study evaluating QTc interval
in ECG in children with brain death by Plymale et al.
[6] found that QTc duration was significantly high-
er in patients with brain death than healthy con-
trol group. In the same study, it was reported that
increased QTc and low potassium and high calcium
levels and male sex were positively related.

Several hypotheses that may be associated with QT
prolongation in brain damage and brain death in
adults have been considered. Reduced heart rate
variability and reduction in baro-sensitivity caused
by brain death and acute brain injury were thought
to affect the autonomic nervous system and their
effects on ventricular repolarization, and thus QT
and QTc intervals [5,6,15]. Severity of brain dam-
age has been shown to be associated with the se-
verity autonomic and cardiovascular system chang-
es [5,15]. Another possible cause of QT prolongation
is increased activity in the sympathetic nervous sys-
tem caused by brain damage [16].

The most common etiology of brain death in adults
are trauma and subarachnoid hemorrhage, but
there are some other causes with large-scale brain
damage such as intracerebral hemorrhage, hypox-
ic ischemic encephalopathy, ischemic stroke [17,18].
In patients with subarachnoid hemorrhage, which
is the most common cause of brain death, cardi-
ac findings such as elevated troponins, NT-proBNP,

© 2019 Acta Medica. All rights reserved.

29



Tp-e/QTc Ratio in Brain Death

cardiomyopathy with takotsubo-like apical hypoki-
nesia, QT interval prolongation, T-wave inversion,
ST-segment depression have been demonstrated
in previous studies and evaluated as a sign of poor
prognosis [19,20].

Increased values of ventricular repolarization param-
eters such as QT and QTc duration, QTc dispersion,
Tp-e interval, Tp-e / QTc have shown to be risk fac-
tors for ventricular arrhythmias and death [3,4,21]. In
the literature, QT and QTc duration and QTc disper-
sion have been shown to be increased in patients
with brain death in a limited number of studies [5,6].
Nevertheless, there are no studies regarding the
change of Tp-e interval, Tp-e/QT and Tp-e/QTc. Our
study is the first to demonstrate significant increase
in Tp-e interval, Tp-e/QT and Tp-e/QTc ratios in pa-
tients with brain death. In our study, although the
frequency of patients with long QT was more fre-
quent in brain death group, mean QT and QTc du-
rations were found to be similar in brain death and
healthy control groups. However, the Tp-e interval,
Tp-e / QT and Tp-e / QTc ratio were longer in pa-
tients with brain death. This finding may be related
to the characteristics of our patient population and
the fact that some conditions causing QT prolonga-
tion were excluded.

There are some important limitations in our study.
One of them is the retrospective design of the study
and the number of patients included in the study.

Because of the retrospective nature of our study, we
were not able to specify the relationship between
the causes of brain death and Tp-e values. In addi-
tion, due to the small number of patients and lack
of clinical follow-up, association with the clinical ar-
rhythmias and other clinical follow-up parameters
were not evaluated. Prospective and more compre-
hensive studies can provide further information. In
our study, patients using medical treatment which
causes QT prolongation were excluded; however, no
genetic evaluation was made for long or short QT
syndromes. These inherited channelopathies have
been thought to have minor effect on our study, be-
cause of their low prevalence. As a result of the na-
ture of our study, the results do not reveal a caus-
al relationship, but only demonstrate an association.
In Conclusion, Tp-e interval, Tp-e / QT and Tp-e /
QTc ratios are increased in patients with brain death
compared to healthy controls. For patients with
brain death, especially for organ donors; It should
be kept in mind that prolongation of ventricular re-
polarization may occur. The mechanisms of this as-
sociation and possible relationship with neuroen-
docrine changes should be investigated in future
studies.
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