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Abstract

Objective: To explore the predictive ability of Tp-ec, Q-Tc, Tp-¢/Q-T and
HRV on malignant arrhythmia during hospitalization. Method: 100 patients
with malignant ventricular arrhythmia were included as the experimental
group, another 100 patients without malignant ventricular arrhythmia were
included as control group. The differences of Tp-ec, Q-Tc, Tp-e/Q-T and
HRYV were compared between the two groups. Multivariate logistic regression
analysis was used to study variables and establish prediction model. ROC
curve was used to evaluate the predictive ability and best predictive value of
each index for malignant ventricular arrhythmia in hospital. Result: Com-
pared with the control group, Tp-ec, Q-Tc, Tp-e/Q-T and HRV in the expe-
rimental group were significantly increased, (P < 0.001), HRV was decreased
significantly. Multivariate logistic regression showed that the increase of
Tp-ec, Q-Tc, Tp-e/Q-T and the decrease of HRV were the risk factors of ma-
lignant ventricular ventricular arrhythmia in hospital (OR = 11.169, 1.788,
1.001, 0.780), and bulid prediction model Z = —-254.827 + 0.203 * Tp-ec +
0.581 * Q-Tc + 878.066 * Tp-e/Q-T-0.248 * SDNN. ROC curve showed that
the area under the curve (AUC) of TP EC, Q-T¢, Tp-e/Q-T, HRV and predic-
tive model for the diagnosis of malignant ventricular ventricular arrhythmia
in hospital were 0.988, 0.905, 0.973, 0.901, 0.993, the best critical values were
100.365 ms, 447.078 ms, 0.239, 100.500, 181.792. Conclusion: The decrease
of Tp-ec, Q-Tc, Tp-e/Q-T and HRV were the risk factors of malignant ven-
tricular arrhythmia, and has predictive value for malignant ventricular arr-
hythmia in hospital. The prediction model combined with Tp-ec, Q-Tc,
Tp-e/Q-T and HRV can improve the prediction ability of variables on malig-
nant ventricular arrhythmia in hospital.
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1. Introduction

Sudden cardiac death (SCD) is the consequence of malignant progression of
various heart diseases, including coronary heart disease, cardiomyopathy, Bru-
gada syndrome, long QT syndrome, etc. Epidemiological studies showed that
SCD accounted for 75% of all kinds of sudden death, malignant ventricular arr-
hythmia is an important mechanism of SCD. Tp-ec is the time intervals between
the top of T wave and the end of T wave in ECG after heart rate correction [1],
its formation mechanism is that endocardial cells, middle-layer cells (M cells)
and epicardial cells of ventricular myocytes have different electrophysiological
characteristics. There was potential difference in the two-phase plateau phase of
action potential in three-layer cardiomyocytes. The potential difference between
M cells and epicardial cells forms the ascending, apex and descending branches
of T wave in surface electrocardiogram with the participation of endocardial po-
tential difference. The T-wave reaches its peak when epicardial repolarization
ended, the T wave decreased to the equipotential line when M cell repolarization
ended. This action potential duration difference, that is, the difference between
the repolarization speed of ventricular myocytes, is called ventricular transmural
repolarization dispersion (TDR) [2]. Relevant studies show that TDR is closely
related to malignant ventricular arrhythmia [3]. Tp-ec, Tp-e/Q-T can indirectly
reflect TDR. Q-Tc is based on the corrected Q-T interval of heart rate, excluding
the influence of heart rate on Q-T interval. It reflects the general process of de-
polarization and repolarization of ventricular myocytes and corresponds to the
total refractory period of ventricular myocytes. Studies have shown that prolon-
gation of QTd is related to the severity of myocardial fibrosis after myocardial
infarction [4]. Heart rate variability (HRV) refers to the changes of ECG R-R in-
terval based on fast Fourier transform. It can reflect the activity of autonomic
nerve and balance between cardiac vagus and sympathetic nerves. HRV can be
used to predict the progress and prognosis of heart disease, epilepsy, diabetes
and other diseases [5]. The purpose of this study is to analyze the relationship
between Tp-ec, Q-Tc, Tp-e/Q-T, HRV and malignant ventricular arrhythmia,
establish the prediction model by synthesizing all indexes, and evaluate the
comprehensive predictive value of each index with the use of receiver operating

characteristic curve (ROC curve).

2. Materials and Methods

100 patients (48 males and 52 females) who had malignant ventricular arr-
hythmia and 100 patients (56 males and 46 females) who had no malignant
ventricular arrhythmia were collected from January 2000 to may 2021 in the
second people’s Hospital of Hefei. Inclusion criteria: 1) Inpatients aged 18
years or older and who underwent DCG during hospital; 2) Patients with ven-
tricular fibrillation, ventricular tachycardia, pleomorphic ventricular premature
beat and RonT ventricular premature beat (malignant ventricular arrhythmia

group). Exclusion criteria: 1) Patients who have taken metoprolol, bisoprolol,
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amiodarone and other drugs which may affect the Tp-e interval and Q-T inter-
val in the past 1 month; 2) Patients with chronic atrial fibrillation and atrial
flutter; 3) Patients with ectopic heart beats > 300 beats per day, significant sinus
bradycardia, sinus atrial block of degree II or above, atrioventricular block
(Healthy control group).

Analyzing the admission ECG, ECG in-hospital and Holter retrospectively
with the use of Shenzhen Boying ECG and Holter system. Ventricular rhythm,
Q-T interval and Q-Tc interval were collected according to the ECG of the pa-
tients, and T'p-e interval of precordial lead was measured (The intverval from the
top of T wave to the end of T wave), and taking the average. The Tp-ec and
Tp-e/Q-T interval was calculated according to the formula. SDNN was collected
according to dynamic electrocardiogram during hospitalization. The Tp-ec,
Q-Tc, Tp-e/Q-T, SDNN of the total sample were Compared. Multivariate logis-
tic regression analysis was used to analyze the correlation between Tp-ec, Q-Tkc,
Tp-e/Q-T, SDNN and the occurrence of malignant ventricular arrhythmia in
hospital, and get the prediction model. ROC curve was used to detect Tp-ec,
Q-Tc, Tp-¢/Q-T, SDNN and predictive model in the diagnosis of malignant

ventricular arrhythmia.

Statistical Methods

Spss25.0 software was used for data processing and statistical analysis. The mea-
surement data of the whole sample are based on the average + Standard devia-
tion. T test was used to compare the indexes between groups. Multivariate logis-
tic regression analysis was used to obtain the predictive model of Tp-ec, Q-Tc,
Tp-e/Q-T and SDNN for malignant ventricular arrhythmia, and draw the ROC
curves of TP EC, Q-Tc¢, Tp-e/Q-T, SDNN and predictive model. The difference
was statistically significant (P < 0.05).

3. Results

3.1. Comparison of Each Index between Groups

There were differences in Tp-ec, Q-Tc, Tp-e/Q-T and SDNN between malignant
ventricular arrhythmia group and healthy control group (p < 0.001). Compared
with the control group, Tp-ec, Q-Tc, tp-e/q-t in the malignant ventricular arr-
hythmia group were larger than those in the healthy control group, and SDNN

was smaller. As shown in Table 1.

3.2. Regression Relationship between Tp-ec, Q-Tc, Tp-e/Q-T,
SDNN and Malignant Ventricular Arrhythmia in Hospital

It suggests that there is regression relationship between Tp-ec, Q-Tc, Tp-¢/Q-T,
SDNN and the occurrence of malignant ventricular arrhythmia. The regression
relationship was Tp-ec, Q-Tc, Tp-e/Q-T, SDNN in proper sequence. The predic-
tion model is P = 1/(1 + e™), Z = —254.827 + 0.203 * Tp-ec + 0.581 * Q-Tc +
878.066 * Tp-e/Q-T-0.248 * SDNN. As shown in Table 2.
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Table 1. Comparison of each index between the two groups.

Mali t ventricul
Healthy control group alignant ventricuiat

arrhythmia group ¢ P value

Mean standard deviation = Mean  standard deviation
Tp-ec(mm) 75.97 16.67 141.59 45.10 —-14.07 <0.001
Q-Tc(mm) 421.50 20.48 484.95 107.34 -5.81 <0.001
Tp-e/Q-T 0.18 0.04 0.29 0.05 -17.88 <0.001
SDNN 127.40 35.18 81.50 12.39 12.307 <0.001

Table 2. Multivariate logistic regression analysis of indexes and the occurrence of malig-
nant ventricular arrhythmia.

B Sg Wald P OR 95% CI
Tp-ec 0.203 0.777 5.238 0.022 11.169 0.037 - 0.775
Q-Tc 0.581 0.252 5.330 0.021 1.788 1.092 - 2.929
Tp-e/Q-T 878.066  366.734 5.733 0.017 1.001 1.494E+69 - 0.000
SDNN —-0.248 0.101 6.003 0.014 0.780 0.640 - 0.952
prediction model -254.827 108.240  5.543 0.019

3.3. Diagnostic Value of Tp-ec, Q-Tc, Tp-e/Q-T, SDNN and
Predictive Model in the Occurrence of Malignant Ventricular
Arrhythmia in Hospital

ROC curve showed that AUC of Tp-ec, Q-Tc, Tp-e/Q-T, SDNN and predictive
model were 0.988, 0.905, 0.973, 0.901, 0.993 respectively. According to the You-
den index (Sen + Spe-1), the optimal critical values are 100.365 mm, 447.078
mm, 0.239, 100.500 and 181.792, respectively. From high to low, the predictive
value of the diagnosis of malignant ventricular arrhythmia was predictive model,
Tp-ec, Tp-e/Q-T, Q-Tc, SDNN (see Table 3 and Table 4).

4. Discussion

Ventricular muscle can be divided into epicardial cells, endocardial cells and M
cells between them, M cells had larger late inward potassium currents and
smaller slowly activated delayed rectifier potassium currents. At the early stage
of repolarization, the action potential showed a typical peak dome shape. There
were differences in electrophysiology among the three layers of ventricular
myocytes, which lead to the different duration of action potential (APD). The
APD of epicardial cells was the shortest, M cells was the longest, and endocardi-
al cells were between them, that is, epicardial cells repolarized the earliest and M
cells repolarized the latest [6]. The difference of APD among epicardial cells,
endocardial cells and M cells leads to the inconsistency of transmural repolariza-
tion, which is called transmural repolarization dispersion (TDR). Studies have
shown that the increase of TDR is one of the mechanisms of ventricular arr-
hythmia [7].
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Table 3. AUC of each index in malignant arrhythmia.

AUC Se P 95% CI
Tp-ec 0.988 0.006 <0.001 0.977 - 0.998
Q-Tc 0.905 0.021 <0.001 0.863 - 0.947
Tp-e/Q-T 0.973 0.009 <0.001 0.954 - 0.991
SDNN 0.901 0.024 <0.001 0.854 - 0.947
prediction
0.993 0.004 <0.001 0.985 - 1.000
model

Table 4. Predictive cut-off value of each index for malignant ventricular arrhythmia.

Cut-off TPR TNR YI PPV NPV

Tp-ec 100.365 0.960 0.940 0.900 92% 92%
Q-Tc 447.078 0.770 0.900 0.670 88.51% 79.65%
Tp-e/Q-T 0.239 0.890 0.960 0.850 91.76% 80.87%
SDNN 100.500 0.780 0.980 0.770 81.82% 98.73%
prediction model 181.792 0.990 0.940 0.930 91.42% 95.79%

Relevant studies have shown that the peak of T wave in surface ECG is con-
sistent with the end of epicardial cell repolarization, and the end of T wave is
consistent with the end of M cell repolarization [8]. The mechanism is that the
potential of M cells is the highest in the platform phase, the potential difference
between M cells and epicardial cells was opposite to that between M cells and
endocardial cells, the direction of the potential difference between M cells and
epicardial cells was the same as that of the ascending branch of T wave, but op-
posite to that of epicardial cells. Therefore, the sum of action potential differ-
ences among M cells, epicardial cells and endocardial cells constitutes the as-
cending branch of T wave. When the repolarization of epicardial cells ends, the
potential difference between M cells and endocardial cells forms the descending
branch of T wave. Because the APD of endocardial cells is longer than that of
epicardial cells, the potential difference between M cells and endocardial cells
limit the height of T wave peak. Finally, the repolarization of M cells ended and
the T wave ended accordingly [6]. Therefore, Tp-e and Q-T interval can indi-
rectly reflect TDR. Because Tp-e and Q-T intervals are easily affected by heart
rate, this study used Tp-ec, Q-Tc and Tp-e/Q-T which were corrected by heart
rate to eliminate the interference of heart rate [9]. Because HRV can reflect the
activity of cardiac autonomic nervous system and is related to the prognosis and
progress of various heart diseases such as coronary heart disease, HRV is in-
cluded in the research index to obtain a more accurate prediction model.

There was no significant difference in age and gender between the two groups,
and the interference of general factors such as age and gender was excluded.
There were significant differences in Tp-ec, Q-Tc, Tp-e/Q-T and SDNN between
the two groups. The Tp-ec, Q-Tc and Tp-e/Q-T of patients with malignant arr-
hythmia in hospital were higher than those of normal control group, while
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SDNN was lower than that of normal control group. Multivariate logistic regres-
sion was used to obtain the prediction model: Z = —254.827 + 0.203 * Tp-ec +
0.581 * Q-Tc + 878.066 * Tp-e/Q-T-0.248 * SDNN. ROC curve was used to test
the diagnostic value of each research index and prediction model for the occur-
rence of malignant arrhythmia in hospital. It was found that the prediction
model had the highest diagnostic value, with the area under the curve of 0.993,
followed by Tp-ec, Tp-e/Q-T and Q-Tc, with the area under the curve of 0.988,
0.973, 0.905 and 0.901, respectively. AUC = 0.5 means that the factor has no di-
agnostic value, AUC closer to 1 means that the diagnostic value is greater, 0.5 -
0.7 means that the diagnostic value is lower, 0.7 - 0.9 means that the diagnostic
value is medium, and 0.9 - 1 means that the diagnostic value is higher. Tp-ec,
Q-Tc, Tp-e/Q-T, SDNN and prediction model have high diagnostic value for
malignant ventricular arrhythmia in hospital. The best critical value of predictive
model for predicting malignant ventricular arrhythmia in hospital was 181.792,
its sensitivity and specificity were 0.990 and 0.940 respectively. The optimal
cut-off values of Tp-ec, Q-T¢, Tp-e/Q-T and SDNN were 100.365 ms, 447.078
ms, 0.239 and 100.500 respectively. Rautaharju et al [10] showed that the nor-
mal range of Tp-ec was (85 = 11) The tp-t/Qt was relatively constant in the
range of 0.1 - 0.25 MS, which was consistent with the results of this study.

In conclusion, Tp-ec, Q-Tc, Tp-e/Q-T indirectly reflect TDR, HRV reflects
cardiac autonomic nerve function, which are related to ventricular malignant
arrhythmia, and all have high predictive value. The predictive model which is
combined with the above four indicators has the highest predictive value for ma-
lignant ventricular arrhythmia in hospital, which is helpful for clinicians to pre-
dict early.
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