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Objective: As far as we have investigated, although there are researches on QT and QTc interval, there are no 
studies evaluating T wave peak-to-end distance (Tp-e interval), the ratio of Tp-e to QT and QTc used in the 
evaluation of cardiac arrhythmia risk and ventricular repolarization changes in patients with hypoxia due to 
hypertensive pulmonary edema. Therefore, in this study was aimed to study whether there is a change in Tp-e 
interval, the ratio of Tp-e to QTc in hypoxia due to hypertensive pulmonary edema. 
Methods: Forty patients diagnosed with hypertensive pulmonary edema in the emergency room were included in 
the study retrospectively. Forty patients with similar age and gender distribution were included in the study as a 
control group. All patients underwent 12-lead electrocardiography (ECG). In addition to the routine 
measurements, Tp-e interval, the ratio of Tp-e to QTc were measured in ECG. Study data were grouped as 
patients with and without hypoxia 
Results: Mean age for patients was 68.60 ± 15.25. QTc interval, Tp-e interval and Tpe / QTc values were found to 
be significantly higher in hypoxia caused by hypertensive pulmonary edema (p <0.001 for each). QTc interval, Tp-
e interval and Tpe / QTc ratio showed significant negative correlation with hypoxia levels. 
Conclusion: In patients with hypertensive pulmonary edema, Tp-e interval and Tp-e/QTc rates are increased 
significantly compared to those without hypertensive pulmonary edema, and these measurements can be used 
more effectively in the close follow-up of cardiac fatal arrhythmias. 
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Introduction 

Hypertensive pulmonary edema is an important cause of mortality and morbidity, which is 

frequently encountered in the emergency room and often occurs as a result of acute heart 

failure. It may occur due to conditions such as diastolic and systolic dysfunction, myocardial 

ischemia, acute mitral regurgitation1, and may cause cardiac rhythm disorders with resulting 

hypoxia2. In addition, it is stated that resulting hypoxia can prolong the QT interval3,4. 

Prolonging of QT interval increases the risk of developing ventricular arrhythmias and sudden 

cardiac death3. As far as is known, although there are studies showing that hypoxia prolongs 

the QTc interval, there are no other studies studying hypoxia-related changes in Tp-e interval 

and Tp-e/QTc rates, which are indicators of ventricular arrhythmia. 
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There are multiple electrocardiographic (ECG) measurements related to ventricular 

repolarization, which are associated with the risk of ventricular arrhythmia. These 

measurements used are QT and QTc interval, QT and QTc dispersion and T wave peak-to-end 

distance (Tp-e interval). Among these parameters, QT and QTc are indicators of ventricular 

depolarization in addition to repolarization. However, Tp-e is more indicative of ventricular 

repolarization, and may be more meaningful especially in repolarization assessment. The ratio 

of Tp-e to QT and QTc obtained are associated with the ventricular transmural dispersion that 

occurs during repolarization5. Increased Tp-e interval shows abnormal spread in ventricular 

repolarization and is associated with an increased risk of ventricular arrhythmia6. Literature 

research shows there is no research related to the Tp-e interval, ratio of Tp-e to QT and QTc 

used in the assessment of ventricular repolarization in those with hypoxia detected in the 

emergency department. 

It was aimed to evaluate the changes in QTc, Tp-e interval, ratio of Tp-e to QTc in patients 

with hypoxia due to hypertensive pulmonary edema compared to patients without pulmonary 

edema and hypoxia in the emergency room. 
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Methods 

Records of patients who applied to XXX Hospital emerrgency Medicine Clinic between July 

1, 2019 and December 31, 2019, and who are diagnosed with hypertensive lung edema after 

evaluation of vital signs, physical examination and radiological imaging were examined 

retrospectively. Electrocardiography (ECG) recordings obtained from the files of these 

patients were examined. A total of 40 patients were enrolled as the patient group. Arterial 

blood pressure values, physical examination findings, and radiological imaging results of the 

patients admitted to the emergency department for various reasons were examined and found 

to be healthy. ECG recordings of these patients without hypertensive lung edema were 

obtained. 40 outpatients who were found to be healthy were enrolled as the control group. 

Exclusion criteria for all patients included in the study and control group were all medical 

treatments known to extend or shorten QT and QTc distance, known syncope or sudden 

cardiac arrest history in the patients or their family, presence of acute or chronic systemic or 

local infection, being in the pediatric age group (<18 years), inability to perform Tp-e and 

QTc measurements on ECG, presence of known diabetes mellitus, medium-advanced valvular 

disease, electrolyte deficiency, and having the diagnosis of chronic liver disease or chronic 

renal failure. This research complies with Helsinki Declaration and ethics approval has been 

obtained. 

12-lead ECG and laboratory results of all patients were obtained from the files. From the 

demographic variables of the patients, age, sex, pulse, blood pressure, oxygen saturation 

values of all patients were recorded from the archived files. From the routine biochemistry 

parameters, renal function tests, serum electrolytes, liver function tests were recorded.  

12-Lead Electrocardiographic Evaluation 

Firstly, 12-lead ECG obtained by MAC 2000 ECG Machine (GE medical systems information 

technologies, Inc., WI, USA) with a sinus rhythm of 25 mm / sec and 1 mv / 10 mm standard 

calibration was obtained from the files. The time from QRS to the point where T wave returns 

to the isoelectric line was calculated for the QT time. QTc in patients with heart rate between 

60-100/minute was calculated using the Bazett Formula (QTc= QT/√R–R). QTc in patients 

with heart rate outside the range of 60-100/minute was calculated using Frederica Formula 

(QTc=QT/RR 1/3). The Tp-e interval was defined as the time from the peak of the T wave to 

the point where the T wave interconnected with the isoelectric line. Measurements were made 
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primarily from V5. If V5 was unsuitable for measurement (amplitude <1.5 mm), 

measurements were taken from V4 or V67. Tp-e/QTc ratio was calculated based on these 

measurements. All ECG examinations in sinus rhythm were evaluated by a cardiologist with 

at least 5 years of experience in electrophysiology and ≥2000 arrhythmia patients annually, 

while unaware of the clinical status of the patient.  
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Statistical Analysis 

All analyzes were performed using SPSS 22.0 (Chicago, IL, USA) statistical software 

package. Using the Kolmogorov-Smirnov test, it was determined whether continuous 

variables distribution was normal. Continuous variables in data were presented as mean ± 

standard deviation, and categorical as numbers and percentages. Continuous variables 

showing normal distribution was compared using the Student t test, whereas the Mann-

Whitney U test is used to compare differences between two independent groups when the 

dependent variable is either ordinal or continuous, but not normally distributed. Categorical 

variables were compared using Chi-square (χ2) test. The kappa coefficient was used to 

examine the interobserver variability of all ECG measurements. Pearson’s and Spearman’s 

correlation analysis was used to determine the presence of a relationship between countable 

parameters. Statistical significance level was accepted as p <0.001. 
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Results 

The study data was conducted as two groups; patient and control. Electrocardiographic 

measurements were taken successfully from all patients. 

When demographic data were compared according to the study groups, age and sex were 

similar. Laboratory results were also similar (Table 1). 

When ventricular repolarization parameters were examined according to the study groups, 

QTc interval, Tp-e interval and Tp-e/QTc values were significantly higher in patients with 

hypoxia (Table 2). 

Table 3 shows the correlation of QTc, Tpe-interval and Tpe/QTc measurements with the 

systolic and diastolic blood pressure, and pulse-oximeter values. All three measurements 

were positively correlated with systolic and diastolic blood pressure, and were negatively 

correlated with pulse-oximeter oxygen saturation levels (Table 3). In linear regression 

analysis, hypoxia significantly related to QTc, Tpe-interval Tpe/QTc measurements (Table 

4). In linear regression analyses, QTc, Tpe-interval and Tpe/QTc ratio were independently 

associated with pulse-oximeter oxygen saturation levels. In Scatterplot analyses of pulse-

oxymeter oxygen saturation levels with QTc interval, Tp-e interval and Tp-e/QTc ratios, R2 

linear values were 0.722, 0.696 ve 0.690 respectively (Figure 1-3). 
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Discussion 

The most important result of our research was that in patients with hypoxia due to 

hypertensive pulmonary edema, the rate of QTc, Tp-e interval and Tp-e/QTc were 

significantly higher than control group. As far as known, findings of our research is the first in 

the literature to show an increase in ventricular repolarization parameters Tp-e interval and 

Tp-e/QTc in patients with hypertensive pulmonary edema. Our study also supported previous 

studies showing QT and QTc prolongation in hypoxic patients. 

Depolarization of ventricular myocardium takes place from endocardial region towards the 

epicardial region. Depolarization occurs before ventricular repolarization. There is dispersion 

between the endocardial and epicardial region. The interval between the T wave peak and the 

end distance is called the Tp-e interval, and this is associated with transmural ventricular 

repolarization5,7. It has been showed to be associated with arrhytmias in the Tp-e interval and 

the ratio of this interval to the QT interval in presence of many cardiac pathological 

conditions, and also pose a high risk for sudden cardiac death8-11. The association of increased 

Tp-e interval and Tp-e/QTc ratios with arrhythmias and sudden cardiac death was tought to 

stem from the dispersion in the ventricular myocardium between the epicardial and 

endocardial region, causing the slow conduction of these two anatomic regions, which could 

cause arrhythmias associated with re-entries, one of the most common causes of arrhytmias. 

Hypertensive pulmonary edema is a clinical condition caused by increased hydrostatic 

pressure or capillary permeability, resulting in decreased oxygen delivery to tissues due to 

ventilation / perfusion mismatch12. Even short hypoxemia periods are reported to be 

associated with prolonged sinusal pauses, transient A-V blocks, multifocal ventricular 

extrasystoles, and ventricular tachycardia13. Hypoxia changes the plateau phase of the action 

potential of L-type Ca++ channels, which is the main pathway of calcium flow into cells, 

therefore may result in cardiac arrhythmias14. There are studies evaluating the QT and QTc 

interval, one of the ventricular repolarization parameters that can lead to arrhythmias due to 

hypoxia, and similar to ours, these studies shows that prolongation in QTc is an independent 

risk factor for hypoxia3,4. On the other hand, there is no research evaluating the ratio of Tp-e 

interval, Tp-e/QT and Tp-e/QTc in hypoxic patients with hypertensive lung edema. Increase 

in ventricular repolarization parameters such as QT and QTc duration, QTc dispersion, Tp-e 

interval and Tp-e/QTc have been shown risk determinants for ventricular arrhythmias and 
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death15,6. In our study, the Tp-e/QT and Tp-e/QTc ratio increases significantly in patients with 

hypoxia. 

Hypoxia with hypertensive pulmonary edema, besides prolonged QTc distance, changes in 

Tp-e and Tp-e/QTc parameters are precursors of ventricular dispersion and repolarization as a 

result of hypoxia. This shows the importance of monitoring patients with hypertensive 

pulmonary edema under strict observation accompanied by rhythm monitoring, due to cardiac 

complications that may arise from hypoxic conditions. According to this research, it may be 

efficacious to use the Tp-e and Tp-e/QTc ratio in addition to QT and QTc intervals for the 

assessment of ventricular repolarization. 
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Conclusion 

Tp-e interval and Tp-e/QTc rates are significantly increased in hypoxic patients with 

hypertensive pulmonary edema. In addition to QT and QTc evaluation during routine ECG 

evaluation in patients with hypertensive pulmonary edema in the emergency departments, it 

should be noted that Tp-e-interval and Tp-e/QTc ratios, which are among other ventricular 

repolarization parameters, could be observed more frequently due to increased probability of 

cardiac arrhytmias in patients with an increase in these values. However, since this 

information obtained in our study is shown for the first time, studies involving new and more 

patients are required. 

Limitations 

This research has some limitations. One of these was retrospective design of the search. The 

number of patients is limited to 40. Conducting prospective studies with more patients may 

produce more meaningful results. 
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Table 1. Comparison of Demographic and Laboratory Findings between Hypertansive Pulmonary 

Edema and Control Group. 

 

Patients with 

Hypertansive 

Pulmonary Edema 

n=40 

Patients without 

Hypertansive 

Pulmonary Edema 

n=40 

p 

Age (years)  68.60 ± 15.25 67.60 ± 7.77 0.607 

Systolic blood pressure (mmHg) 189.75 ± 21.90 169.63 ± 16.23 <0.001 

Diastolic blood pressure (mmHg) 104.75± 9.33 96.50 ± 6.90 <0.001 

Heart rate (pulse/minute) 121.75 ± 11.45 76.50 ± 11.25 <0.001 

Pulse-Oximeter (%) 82.55±5.39 97.03±5.33 <0.001 

Urea (mg/dL) 35.07 ± 5.74 32.50 ± 7.82 0.098 

Creatinine (mg/dL) 0.90 ± 0.18 0.74 ± 0.20 <0.001 

Sodium (mEq/L) 138.50 ± 2.84 138.50 ± 2.21 0.999 

Potassium (mEq/L) 4.53 ± 0.35 4.33 ± 0.49 0.043 

Glucose (mg/dL) 141.67 ± 18.20 110.22 ± 13.57 <0.001 

ALT (u/L)* 20.20 ± 8.47 18.80 ± 9.17 0.481 

AST (u/L)** 28.17 ± 10.02 23.13 ± 6.59 0.010 

*ALT: Alanine aminotransferase, **AST: Aspartate aminotransferase. 
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Table 2. Comparison of Ventricular Repolarization Parameters between Hypertansive Pulmonary 

Edema and Control Group. 

 

Patients with 

Hypertansive 

Pulmonary Edema 

n=40 

Patients without 

Hypertansive 

Pulmonary Edema 

n=40 

p 

QTc interval time (ms) 483.05± 8.91 415.90 ± 12.77 <0.001 

Tp-e interval time (msn) 108.85 ± 9.38 60.13 ± 7.80 <0.001 

Tp-e/QTc Ratio 22.51 ± 1,54 14.42 ± 1.43 <0.001 

QTc: Corrected QT  
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Table 3. Correlation of QTc, Tp-e-Interval and Tp-e/QTc Raito with blood pressure and pulse-

oximeter. 

 
QTc Tp-e-interval Tp-e/QTc Ratio 

r p r p R p 

Systolic blood pressure (mmHg) 0,431 <0.001 0,423 <0.001 0,417 <0.001 

Diastolic blood pressure (mmHg) 0.391 <0.001 0.378 <0.001 0.376 =0.001 

Pulse-Oximeter (%) -0.775 <0.001 -0.759 <0.001 -0.757 <0.001 
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Table 4. A Linear Regression Analysis for Pulse-Oximeter Significantly Correlated with QTc, Tp-e-

Interval and Tp-e/QTc Raito. 

 
QTc Tp-e-Interval Tp-e/QTc Ratio 

β p β p β p 

Pulse-oximeter -0.775 <0.001 -0,759 <0.001 -0,757 <0.001 

R Square for QTc, Tp-e interval and Tp-e/QTc Ratio as 651, 787, 707, respectively. 

 
Figure 1. Analysis of Scatterplot for the relationship between SpO2 and QTc interval. 
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Figure 2. Analysis of Scatterplot for the relationship between SpO2 and Tp-e interval. 
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Figure 3. Analysis of Scatterplot for the relationship between SpO2 and Tp-eQTc ratio. 
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