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ABSTRACT 
Introduction: Cardiac surgery involves a series of aggressive mechanical and 
chemical elements that affect the cardiac muscle; which may be shown by the elec- 
trocardiogram. 
Objectives: To evaluate whether electrocardiographic measurements reflecting 
ventricular depolarization and repolarization are prolonged after cardiac surgery. 
Method: We studied 51 patients with cardiac surgery who underwent an electro-
cardiogram before and after surgery. The difference between QT, QTc, QT disper-
sion, TPEAK-TEND interval (TP-TE), TP-TE dispersion and QRS duration, before and 
after surgery was compared using the T test. 
Results: Electrocardiogram after surgery showed significantly higher QTc values, 
QT dispersion, TP-TE, TP-TE dispersion and QRS duration (p<0.006). The uncor-
rected QT interval was greater in the postoperative electrocardiogram, without sta- 
tistically significant difference (p=0.49). 
Conclusions: Myocardial aggression during cardiac surgery modifies the ventricu-
lar electrical activity and is verified by the significantly prolonged depolarization 
and repolarization measurements. These variables could be used in future studies 
as predictors of adverse events in this procedure. 
Keywords: Cardiac surgery, Myocardial aggression, Electrocardiogram 
 
Prolongación de la despolarización y la repolarización 
ventriculares en pacientes operados de cirugía cardíaca 
 
RESUMEN 
Introducción: La cirugía cardíaca establece una serie de elementos mecánicos y 
químicos de agresión al musculo cardíaco, que pudiese verse reflejada en el elec-
trocardiograma.  
Objetivo: Evaluar si las medidas electrocardiográficas que reflejan la despolariza-
ción y la repolarización ventriculares se prolongan posterior a la cirugía cardíaca.  
Método: Se estudiaron 51 pacientes con cirugía cardíaca, a quienes se les realizó 
electrocardiograma antes y después del procedimiento. Se comparó, mediante la 
prueba T, la diferencia de los valores de intervalo QT, QTc, dispersión del QT, 
intervalo TPICO-TFINAL (TP-F), dispersión del TP-F y duración del QRS, antes y 
después de la intervención quirúrgica.   
Resultados: Los valores del QTc, dispersión del QT, TP-F, dispersión del TP-F y du-
ración del QRS fueron significativamente mayores (p<0,006) en el electrocardio- 
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grama posterior a la cirugía. El intervalo QT sin corregir fue mayor en el electro-
cardiograma posquirúrgico, sin diferencia estadísticamente significativa (p=0,49).  
Conclusiones: La agresión al músculo cardíaco durante la cirugía cardíaca modi-
fica la actividad eléctrica ventricular y se constata en la prolongación significativa 
de las mediciones que reflejan la despolarización y repolarización ventriculares. 
Estas variables pudieran utilizarse en futuros estudios como predictores de even-
tos adversos de este procedimiento.  
Palabras clave: Cirugía cardíaca, Agresión miocárdica, Electrocardiograma 

 
 
 

 

INTRODUCTION   
 
Cardiac tissue damage is known to occur following 
cardiac surgery due, in part, to a series of chemical 
and metabolic changes related to the surgical tech-
nique, as well as to the effects produced by the 
drugs used in the procedure1. The present study 
was designed to demonstrate the electrical altera-
tions after cardiac surgery by comparing the differ-
ences between pre and post-surgical electrocardio-
gram (ECG) measures that reflect ventricular depo-
larization and repolarization, such as: QT interval, 
corrected QT interval (QTc), QT interval dispersion 
(QTd), TPEAK-TEND interval (TP-E), TP-E dispersion (TP-

Ed) and QRS duration. 
 
 
METHOD  
 
Between August and November 2017, patients who 
underwent surgery at the Instituto de Cardiología y 
Cirugía Cardiovascular from Havana, Cuba, were 
studied. All patients underwent 12-lead ECGs prior to 
surgery and immediately upon arrival in the post-
surgical intensive care unit. Those with previous 
arrhythmias, permanent pacemakers or with exter-
nal pacemaker-dependent rhythm placed during sur-
gery were excluded. 

The QT, QTc, QTd, TP-E, TP-Ed and QRS duration 
were measured manually. Twelve-lead electrocardi-
ograms were recorded at a paper speed of 25 mm 
per second. QTc was calculated using the Bazett 
formula2. QT interval was measured from the begin-
ning of the QRS complex to the end of the T wave, 
defined as the intercept between the isoelectric line 
and a tangent line drawn to the steepest part of the T 
wave3. QTd was defined as the difference between 
the maximum and minimum QT interval in the 12-
lead ECGs4. TP-E was obtained from the highest value 
obtained in the precordial leads, by the difference 
between the QT interval and the peak QT interval 

(measured from the beginning of the QRS complex 
to the peak of the T wave). In the case of negative or 
biphasic T waves, the Q-T peak interval was meas-
ured until the first nadir of the T wave. T waves less 
than 1.5 mm in amplitude were not measured. TP-Ed 
was obtained from the difference between the max-
imum and minimum TP-E obtained in the precordial 
leads5. Measurements were made by two independ-
ent observers, in case of a difference of>20 ms a 
third measurement was made by another observer 
(Figure 1 and Figure 2). 

Numerical variables were first compared with the 
F test for two variances and, according to the result, 
the two sample t-test was applied for equal or une-
qual variances according to the first analysis. 
 
 
RESULTS 
 
Fifty-one patients (60±11 years), predominantly 
males (78%), who underwent cardiac surgery were 
studied. A total of 27 patients underwent coronary 
artery bypass graft surgery (CABG), 21 valvular sur-
gery, 2 combined surgeries, and 1 case of atrial myx-
oma excision. 

QTc, QTd, TP-E, TP-Ed values and QRS duration 
were significantly higher in the postoperative ECG 
(p<0.006). QT interval was also higher in this ECG, 
but there was no significant difference (p=0.49) 
(Table 1).  

When the two main study-groups (CABG vs. val-
vular surgery), were analyzed, we found that both 
groups similarly showed prolonged values in the 
different electrocardiographic measurements (Ta-
ble 2). However, it is striking that, although there 
was an increase in the QTd and TP-E values in the 
group of CABG-patients, such increase was not statis-
tically significant; unlike the valvular surgery group 
(where it did occur). It should be noted that, as was 
observed in the general group (Table 1), the QT 
interval had practically no variation in such groups. 
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Figure 1. Electrocardiograms of a 74-year-old woman who underwent aortic valve replacement surgery. A. Preoperative.  

B. Postoperative. All values are in milliseconds, T waves < 1.5 mm were not measured. ECGs standardized at  
25 mm/s and 10 mm/mV. 

 
 
 

 
Figure 2. Electrocardiograms of a 64-year-old man who underwent coronary artery bypass graft surgery. A. Preoperative.  

B. Postoperative. All values are in milliseconds, T waves<1.5 mm were not measured. ECGs standardized at  
25 mm/s and 10 mm/mV. 
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Table 1. Comparison of pre and postoperative electrocardio-
graphic measurements in patients who underwent cardiac 

surgery (n=51). 
 

Parameter 
Electrocardiogram 

p 
Preoperative Postoperative 

QT 382 ± 40 388 ± 46 0.490* 

QTc 414 ± 32 462 ± 41 0.000Ω 

QTd 36 ± 22 49 ± 25 0.006* 

TP-E 80 ± 15 93 ± 23 0.002Ω 

TP-Ed 25 ± 12 41 ± 19 0.006Ω 

QRS width             85 ± 12 97 ± 17 0.000Ω 
The values are in milliseconds and express mean ± stand-
ard deviation.  
* T test for two samples with equal variances.  
Ω T test for two samples with unequal variances. 

 
 

 
DISCUSSION 
 
The prolongation of electrocardiographic measure-
ments that reflect ventricular depolarization and 
repolarization may be due to congenital or acquired 
causes6,7. Our study demonstrated that the meas-
urements of QTc, QTd, TP-E, TP-Ed and QRS duration 
are prolonged in the ECG after cardiac surgery with 
respect to the baseline. The QT interval reflects both 
depolarization and ventricular repolarization. The 
PROLOQIT results showed that both mechanical and 
pharmacological aggression to the myocardium dur-
ing cardiac surgery affects depolarization and ven-
tricular repolarization, which prolongs QTc. This 

study included 259 patients and found a postopera-
tive QTc of 462±43 ms, results similar to our find-
ings6. 

Biry et al8 also showed prolongation of QTc by 
assessing 82 patients with cardiac surgery and found 
that 25% of them had very long QTc (>500 ms), while 
the majority had moderate QTc prolongation (>440 
ms in men and>460 ms in women)8. The impact of 
QTc prolongation in cardiac surgery is still under 
discussion, as there are studies such as that of Pas-
quier et al9 which did not show an increase in mor-
tality related to QTc prolongation, in contrast to that 
of Tisdale et al10, demonstrating the contrary. 

It should be noted that in our study the QT inter-
val did not show any significant variation, however 
the QTc interval did. This is due to the fact that the 
RR interval was significantly lower in the postopera-
tive ECG (869±183 vs. 713±136 ms; p<0.0001), which 
indicates the importance of correcting the above-
mentioned interval. 

The dispersion of ventricular repolarization can 
be assessed by QTd, in such a way that its prolonga-
tion is related to a marked heterogeneity of trans-
myocardial refractoriness11. Normal values range 
between 30 and 65 ms and its prolongation has been 
related to congenital long QT and acute ischemic 
heart disease12.  

We did not find data regarding QTd and cardiac 
surgery. We observed in our study that although the 
values of both pre and postoperative QTd were nor-
mal, the difference was statistically significant (36±22 
vs. 49±25 ms, p<0.0001), which reflects alteration in 
the homogeneity of ventricular repolarization. 

Table 2. Comparison of measurements between pre and postoperative electrocardiograms in patients with  
coronary artery bypass graft surgery and cardiac valvular surgery. 

 

Paremeter 
Coronary artery bypass graft 

surgery (n=27) p 
Valvular surgery (n=21) 

p 
Preoperative Postoperative Preoperative Postoperative 

QT 380 ± 33 384 ± 47 0.689Ω 384 ± 49 391 ± 47 0.611* 

QTc 404 ± 27 455 ± 44 0.000* 427 ± 35 471 ± 40 0.000* 

QTd 36 ± 25 45 ± 26 0.207* 39 ± 18 53 ± 23 0.003* 

TP-E 78 ± 13 86 ± 22 0.104Ω 85 ± 18 113 ± 21 0.004* 

TP-Ed 26 ± 13 42 ± 20 0.002Ω 26 ± 11 42 ± 18 0.001Ω 

QRS width             86 ± 12 96 ± 18 0.015Ω 85 ± 12 98 ± 18 0.007* 
The values are in milliseconds and express mean ± standard deviation.  
* T test for two samples with equal variances.  
Ω T test for two samples with unequal variances. 
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Prolonged TP-E is also related to alterations in 
ventricular repolarization, and has been associated 
with an increase in cardiovascular mortality and 
heart failure, according to the Copenhagen study13. 
In addition, the prolongation of TP-E is a marker as-
sociated with increased arrhythmogenic risk in Bru-
gada and long QT syndromes, hypertrophic cardio-
myopathy and structural heart disease5,14-18.  

In our study, TP-E considerably increased after 
cardiac surgery (80±15 vs. 93±23 ms p=0.002), which 
demonstrates the transmural instability of the heart 
muscle after this surgical procedure. But we did not 
find previous published reports in this type of pa-
tients. 

The TP-Ed was proposed by Castro Hevia et al14, 
as a predictor of malignant arrhythmias in Brugada 
syndrome. It was then applied in other conditions 
and proved to be useful as a predictor of malignant 
arrhythmias and sudden cardiac death19. We have 
not seen data on this marker in patients with cardiac 
surgery and found a significantly increased postop-
erative value (TP-Ed 25±12 vs. 41±19 ms, p=0.006), 
which reflects an alteration in the transmural disper-
sion of repolarization in different areas of the heart. 

Conduction delays reflected in the increase in 
QRS duration has been assumed to be an ar-
rhythmogenic risk factor in various disorders such 
as the J wave syndrome20-22. We have not found data 
in patients with cardiac surgery. In our study, how-
ever, patients had an increase in QRS duration after 
surgery (88±12 vs. 97±17 ms, p<0.0001), which may 
reflect a postoperative intraventricular conduction 
disorder. 

 
 

CONCLUSIONS 
 
The electrocardiographic measurements analyzed 
(QTc, QTd, TP-E, TP-Ed, QRS duration) may represent, 
from the electrical point of view, the aggression in-
flicted on the heart muscle during surgery. Whether 
these measurements predict adverse events in the 
patients deserves further study. 
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