
Abstract 
 
Objectives: Renal transplant recipients are at risk for 
ventricular arrhythmia and sudden death. To assess 
that risk, we compared the ventricular repolarization 
markers of pediatric renal transplant recipients with 
those of healthy children. 
Materials and Methods: We included 30 children and 
adolescents who were followed for at least 6 months 
after renal transplant; 30 age- and sex-matched children 
were included for the control group. Demographic 
features, medications, and laboratory findings were 
recorded. Blood pressure measurements, ventricular 
repolarization indexes including QT dispersion, 
corrected QT dispersion, T-wave peak-to-end interval 
dispersion, the T-wave peak-to-end interval/QT ratio, 
the T-wave peak-to-end interval/corrected QT ratio, 
left ventricular mass index, and relative wall thickness 
were compared between groups. In addition, the 
correlations of ventricular repolarization indexes with 
other variables were evaluated. 
Results: Blood pressure standard deviation scores, the 
mean heart rate, QT dispersion, corrected QT 
dispersion, the T-wave peak-to-end interval/QT ratio, 
the T-wave peak-to-end interval/corrected QT ratio, 
left ventricular mass index, and relative wall thickness 
values were significantly higher in renal transplant 
patients, whereas T-wave peak-to-end interval 
dispersion, ejection fraction, and fractional shortening 

were similar between groups. Although ventricular 
repolarization indexes were similar in patients with 
and without left ventricular hypertrophy, only 
corrected QT dispersion was significantly higher in 
patients with hypertension (P = .006). The only variable 
that significantly predicted prolonged corrected QT 
dispersion was the systolic blood pressure standard 
deviation score (P = .005, β = .403). 
Conclusions: Ventricular repolarization anomalies, 
hypertension, left ventricular hypertrophy, and cardiac 
geometry irregularity may be observed after renal 
transplant in pediatric recipients despite acceptable 
allograft functions and normal serum electrolyte 
levels. Control of systolic blood pressure would 
decrease the risk of ventricular repolarization 
abnormalities, namely, the corrected QT dispersion. 
Follow-up of cardiovascular risks with noninvasive 
methods is recommended in all pediatric renal 
transplant recipients. 
 
Key words: Ventricular repolarization, Blood pressure, 
Children 
 
Introduction 
 
Patients with end-stage renal disease (ESRD) have 
increased risk for cardiovascular problems, including 
left ventricular hypertrophy (LVH), systolic and 
diastolic dysfunction, and ventricular arrhythmia, 
which may lead to unexpected and sudden death.1-4 
In pediatric renal transplant (RTx) recipients, 
cardiovascular-related mortality is 100 times higher 
than in the age-matched population.5 In a huge 
group of young RTx recipients, including 18 911 
patients who received transplants at < 21 years  
old, it was demonstrated that the highest cause  
of death was cardiovascular problems, although 
cardiovas cular mortality rates fell by 16% for  
every 1 year after RTx.6 As a result, despite a 
significant reduction in cardiovascular risk  
factors such as hypertension, hyperparathyroidism,  
anemia, and hyperlipidemia, the incidence of cardiac 
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mortality has remained high in pediatric RTx 
recipients.5,6 

Ventricular repolarization (VR) indexes deter -
mined by electrocardiography (ECG) have long been 
used for determination of the risk of arrhythmia in 
patients with chronic kidney diseases. Of those, QT 
interval, QT dispersion (QTd), corrected QT (QTc), 
and QTc dispersion (QTcd) are indicators of general 
abnormality of VR and distribution of ventricular 
recovery time.1 The T-wave peak-to-end interval  
(Tp-e) and its dispersion (Tp-ed) are some other 
indexes of VR. The Tp-e interval provides an index of 
the maximum dispersion of VR, whereas the Tp-ed 
value reflects variation of the transmural dispersion 
of the repolarization vector among different parts of 
the ventricle.7,8 Recently, Tp-e/QT and Tp-e/QTc 
ratios have emerged as novel markers for total 
variability in the myocardial repolarization that are 
used as an index of arrhythmogenesis.8-10 It was 
assumed that these ratios were more sensitive than 
Tp-e and QT intervals, since these measurements are 
not affected by heart rate (HR) and body weight.11 

Alterations of VR that might contribute to cardiac 
mortality have been studied in children and adults 
with RTx.1-3,12-16 However, to the best of our 
knowledge, Tp-e/QT and Tp-e/QTc ratios have not 
been studied before. We conducted this study to 
determine whether pediatric RTx recipients have 
higher VR indexes, including QTd, QTcd, Tp-e 
interval, Tp-e/QT, and Tp-e/QTc as the most 
sensitive VR indexes, in addition to ejection fraction 
(EF) and fractional shortening (FS) for left ventricular 
systolic function, left ventricular mass index (LVMI), 
and relative wall thickness (RWT) for LVH in our 
post-RTx population and compared the data with 
those of healthy children. 
 
Materials and Methods 
 
The study protocol was approved by the institutional 
review board (08.08.2019/322). Thirty children and 
adolescents with stable renal function who had 
follow-up of at least 6 months after RTx between 
March 2005 and October 2018 were included in the 
study. Patients were excluded if they were on any 
medication disruptive to QT duration or if they had 
heart failure, diabetes mellitus, or a previous history 
of dysrhythmia or electrolyte imbalances causing QT 
prolongation (hypokalemia, hypocalcemia, and 
hypomagnesemia). Patients with low glomerular 

filtration rate (< 60 mL/min/1.73 m2) were also 
excluded. The control group consisted of age- and 
sex-matched 10- to 18-year-old healthy children  
(n = 30) who were evaluated in the pediatric 
cardiology clinic for cardiac murmur and found to 
have physiological murmur without underlying 
cardiac pathology. 

This was a retrospective study. In our clinic, the 
standard policy was to evaluate all RTx patients with 
ECG and echocardiography (ECHO) for cardiac 
functions at least annually. Demographic features, 
medications, complete blood count and biochemical 
values, and estimated glomerular filtration rate 
(calculated according to the Schwartz formula) at the 
last visit were recorded, in addition to the last ECG 
and ECHO findings. Blood pressure (BP) readings 
recorded in the last 3 visits were averaged in all cases. 
Standard deviation scores (SDS) for body mass index 
(BMI, calculated as weight in kilograms divided by 
height in meters squared) and systolic and diastolic 
BP (SBP and DBP, respectively) were determined with 
the online Child Metrics program from the Turkish 
Pediatric Endocrinology and Diabetes Society.17 
Systolic and/or diastolic blood pressure values of ≥ 
95th percentile for age, sex, and height were considered 
as hypertension. Electrocardiographic and ECHO 
examinations were performed for all participants. 
 
electrocardiographic indicators 
A standard 12-lead ECG (Cardiofax GEM, model 
9022 K; Nihon Kohden) was recorded at a speed  
of 25 mm/s and an amplitude of 1 mV/cm. 
Calculations for QT interval, QTd, QTcd, Tp-ed, and 
Tp-e/QT and Tp-e/QTc ratios were performed for 
each participant by the same researcher (ES). 
 
QT dispersion. 
We measured the QT interval from the beginning of 
the QRS complex to the end of the T wave. The QTd 
was calculated as the difference between the 
maximum and minimum QT intervals. The QT 
interval corrected for HR was calculated according 
to the Bazett18 formula, where QTc is the QT interval 
divided by the square root of the R-R interval. The 
QTcd was calculated as the difference between the 
maximum and minimum of QTc intervals. 
 
Peak-to-end T-wave interval.  
The Tp-e was measured from the highest point to the 
end point of the T wave. If reverse T waves were 

29Belde Kasap Demir et al/Experimental and Clinical Transplantation (2023) 1: 28-35



present, then the measurement was taken from the 
lowest point to the end point of the T wave. The  
Tp-ed is the difference of the maximum and 
minimum Tp-e. 
 
echocardiographic examinations 
The evaluated parameters were EF and FS obtained 
by ECHO examination and the calculated LVMI  
and cardiac geometry parameters. The LVM was 
calculated with the Devereux formula as follows:  
0.8 × {1.04 × ([LVIDed + PWTd + IVSTd]3 – 
[LVIDed]3) + 0.6 g}, where LVIDed is left ventricular 
internal diameter at the end of diastole, PWTd is 
posterior wall thickness in diastole, and IVSTd is 
interventricular septum thickness (in diastole) and 
indexed to height (in m2.7) for LVMI.19,20 A value of 
LVMI exceeding the 95th percentile for sex and age in 
normal children and adolescents was used to define 
LVH.20 The RWT was calculated by the following 
formula: RWT = 2 × PWTd/LVIDed. In patients with 
LVH, a value of RWT ≤ 0.42 was defined as 
“eccentric” and > 0.42 was considered “concentric” 
in terms of cardiac geometry.21 
 
Statistical analyses 
The SPSS package program (version 24.0) was used 
for statistical analyses. Continuous variables are 
shown as mean values ± SD, and descriptive statistics 
are expressed as frequency. Kolmogorov-Smirnov 
test was used to evaluate the normal distribution of 
continuous variables between groups. Normally 
distributed continuous variables were compared by 
t test, whereas parameters not distributed normally 
were evaluated by Mann-Whitney U test. The chi-
square test was used to compare categorical variables 
between groups. Depending on the distribution type 
of the variables, a Pearson or Spearman correlation 
analysis was performed for bivariate analysis and 
linear regression for multivariate analysis. P < .05 
was considered statistically significant for all 
statistical evaluations. 
 
Results 
 
Thirty RTx recipients and 30 healthy age- and sex-
matched children (11 females and 19 males in each 
group with mean age of 14.3 ± 4.2 years) were 
included (Table 1). None of the patients in the control 
group was obese, and the BMI values were similar 
between the groups (P < .05; Table 1). The mean 

duration after RTx was 54.0 ± 37.9 months in RTx 
patients. Congenital urological abnormalities (46.6%) 
were the most common causes of ESRD in these 
patients, followed by glomerulonephritis (20%), 
cystic renal diseases (16.6%), chronic tubulopathy 
(10%), amyloidosis (3.3%), and hemolytic uremic 
syndrome (3.3%). The mean duration of dialysis in 
patients receiving hemodialysis or peritoneal dialysis 
before transplant was 23.2 ± 19.1 months. Twenty-
nine patients received mycophenolate sodium and 
tacrolimus, and 1 patient received mycophenolate 
sodium and everolimus in addition to corticosteroids 
for the immunosuppressive therapy. Twenty-one 
patients were not receiving any antihypertensive 
therapy. Five patients were using 1 antihypertensive 
agent, and 4 patients were taking 2 antihypertensive 
agents. No patient was receiving any other 
medication known to be associated with QT 
prolongation. The mean glomerular filtration rate  
of patients was 102.5 ± 31.3 mL/min/1.73 m2. Any 
abnormalities of serum hemoglobin or electrolytes 
that may cause arrhythmia were absent in 
participants. The data pertaining to the pediatric RTx 
recipients are presented in Table 2. 
 

Blood pressure measurements 
Mean SBP measurements were similar between the 
groups (119.8 ± 12.4 vs 114.5 ± 10.4 mmHg; P = .083), 
although DBP measurements were significantly higher 
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table 1. Comparison of Blood Pressure Measurements and 
Electrocardiographic and Echocardiographic Data of Pediatric Renal 
Transplant Patients and Volunteer Control Patients

RTx Patients Control Patients P 
(n = 30) (n = 30) 

Age, y 14.3 ± 4.2 14.3 ± 4.2 1.000 
No. of female/male patients 11/19 11/19 1.000 
BMI-SDS -0.10 ± 1.26 -0.22 ± 1.14 .719 
SBP-SDS 1.21 ± 1.10 0.54 ± 0.81 .009 
DBP-SDS 1.00 ± 1.04 0.04 ± 0.94 .001 
HR, beats/min 93.8 ± 17.6 82.3 ± 11.2 .004 
QTd 0.04 ± 0.01 0.03 ± 0.02 .001 
QTcd 0.05 ± 0.02 0.02 ± 0.02 .001 
Tp-ed 0.04 ± 0.03 0.03 ± 0.01 .126 
Tp-e/QT 0.17 ± 0.02 0.14 ± 0.036 .003 
Tp-e/QTc 0.15 ± 0.01 0.12 ± 0.027 .001 
EF, % 67.3 ± 5.4 68.5 ± 5.8 .432 
FS, % 37.4 ± 2.96 37.69 ± 4.07 .838 
LVMI, g/m2.7 38.93 ± 12.95 30.91 ± 8.0 .004 
RWT 0.46 ± 0.12 0.40 ± 0.06 .007

Abbreviations: BMI, body mass index, calculated as weight in kilograms 
divided by height in meters squared; DBP, diastolic blood pressure; EF, 
ejection fraction; FS, fractional shortening; HR, heart rate; LVMI, left 
ventricular mass index; QTd, QT dispersion; QTcd, corrected QTd; RTx, 
renal transplant; RWT, relative wall thickness; SBP, systolic blood pressure; 
SDS, standard deviation score; Tp-e, T-wave peak-to-end interval; Tp-ed, 
Tp-e dispersion 
Data are mean values ± standard deviation.  



in RTx patients (74.0 ± 12.7 vs 65.1 ± 9.4 mmHg;  
P = .003). When we compared SDS values of SBP and 
DBP measurements, these were both significantly 
higher in RTx patients (Table 1). None of the patients 
in the control group was hypertensive, but 40% of the 
RTx recipients were hypertensive. 
 

electrocardiographic findings 
In ECG investigations, mean HR was significantly 
higher in RTx patients (P = .004). The mean QTd and 
QTcd values were significantly longer in RTx patients 
(P = .001 and P = .001, respectively). Although RTx 
recipients had Tp-e dispersion (Tp-ed) values similar 
to healthy children, mean Tp-e/QT and Tp-e/QTc 
ratios were significantly higher than those of the 
healthy children (P = .003; P = .001) (Figure 1). 

In addition, patients with LVH had similar QTd, 
QTcd, Tp-ed, Tp-e/QT, and Tp-e/QTc values com -
pared with patients without LVH. In hypertensive 
cases, only QTcd levels were significantly higher  
(0.054 ± 0.028 vs 0.035 ± 0.025; P = .006), and the other 
4 indexes were similar to those of the patients 
without hypertension. 

echocardiographic findings 
Echocardiographic assessment showed no significant 
difference in mean EF or FS values between  
RTx recipients and healthy children (P > .05), 
whereas LVMI and RWT were significantly higher  
in RTx recipients (P = .004 and P = .007, respectively;  
Table 2). The rate of LVH was 47% and those  
with concentric changes were 37% in RTx  
recipients. 
 
correlation analyses 
Interestingly, there was no significant correlation 
between LVMI and SBP-SDS or DBP-SDS. In 
addition, LVMI was not correlated with QTd,  
QTcd, Tp-ed, Tp-e/QT, Tp-e/QTc, EF, or FS,  
but signi ficantly correlated with RWT (P < .001,  
r = 0.499) and BMI-SDS (P = .026, r = 0.290) as  
expected in univariate analysis. The significance  
of correlations persisted when adjusted for age,  
sex, and HR. Multivariate regression analyses  
showed that only RWT retained significance  
(P = .001, β = .530). 

Time after RTx had no correlation between any 
ECG or ECHO indicators (P > .05). Comparison of 
the other ECG parameters with the parameters 
including BMI-SDS, SBP-SDS, DBP-SDS, HR, EF, FS, 
LVMI, and RWT showed the following correlations. 
QTcd was significantly correlated with SBP-SDS  
(P = .004, r = 0.363), DBP-SDS (P = .008, r = 0.343), 
and HR (P = .008, r = 0.341); Tp-e/QTc was 
significantly correlated with HR (P < .001, r = -0.491). 
The correlation between Tp-e/QTc and HR was no 
more significant when adjusted for age, sex, and BMI 
(P = .165, β = -.211). When multivariate analyses were 
carried out, the only variable significantly predictive 
of prolonged QTcd was SBP-SDS (P = .005, β = .403) 
(Figure 2). 
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table 2. Demographic Data and Laboratory Parameters of Renal Transplant 
Patients
Parameter Result (No. of Patients or  

Mean ± SD) 

Etiology of CKD 
     CAKUT 14 
     Chronic glomerulonephritis 6 
     Renal cystic disease 5 
     Chronic tubulopathy 3 
     Amyloidosis 1 
     HUS 1 
Duration of dialysis, mo (range) 23.2 ± 19.1 (0-84) 
Duration of RTx, mo (range) 54.0 ± 37.9 (9-150) 
Donor type, n 
     Deceased 16 
     1st degree living related 10 
     2nd degree living related 2 
     3rd degree living related 1 
     4th degree living related 1 
Immunosuppressive treatment 
     CS+MPS+TAC 29 
     CS+MPS+mTOR 1 
Antihypertensive treatment 
     None 21 
     Yes (with 1 drug/with 2 drugs) 9 (5/4) 
eGFR, mL/min/1.73m2 (range) 102.5 ± 31.3 (61.25-163.8) 
Hemoglobin, g/dL (range) 12.5 ± 1.2 (9.6-14.9) 
Sodium, mg/dL (range) 140.4 ± 2.0 (136-145) 
Potassium, mg/dL (range) 4.3 ± 0.5 (3.4-5.6) 
Calcium, mg/dL (range) 10.0 ± 0.5 (8.7-10.8) 
Phosphorus, mg/dL (range) 4.1 ± 0.7 (1.6-5.6)

Abbreviations: CAKUT, congenital anomalies of kidney and urinary tract; 
CKD, chronic kidney disease; CS, corticosteroids; eGFR, estimated 
glomerular filtration rate; HUS, hemolytic-uremic syndrome; MPS, 
mycophenolate sodium; mTOR, mammalian target of rapamycin; RTx, renal 
transplant; SD, standard deviation; TAC, tacrolimus 

Figure 1. Comparison of Electrocardiographic Ventricular Repolarization 
Indexes Between the Groups

Abbreviations: QTc, corrected QT; QTcd, corrected QTd; QTc-max, 
maximum corrected QT; QTd, QT dispersion; RTx, renal transplant; Tp-e,  
T-wave peak-to-end interval 
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Discussion 
 
We demonstrated that the relatively more sensitive 
ECG indexes for VR (QTd, QTcd, Tp-e/QT, Tp-e/QTc, 
BP, LVMI, and RWT) in pediatric RTx recipients were 
significantly higher than those of healthy control 
patients. Ventricular indexes were not influenced by 
LVMI. The QTcd was prolonged in pediatric RTx 
recipients, and higher SBP-SDS values predicted 
longer QTcd levels. 

Because the most frequent cause of death in 
pediatric RTx recipients is cardiovascular problems 
resulting in arrythmia and sudden death, noninvasive 
prediction methods such as ECG and ECHO are 
important.1 Measurement of the QT interval is a 
noninvasive method for VR assessment.1,22 Prolonged 
QT, QTc interval, and QTd have been associated with 
electrical instability of the myocardium and increased 
risk for ventricular arrhythmias.23,24 Recent studies 
have suggested that QT, QTd, QTc, and QTcd are good 
predictors for cardiac events just like EF, HR, and HR 
variability.2,23-25 Patients with ESRD have shown 
prolonged QTd and QTcd compared with healthy 
control patients.1,13,15,26,27 

The effects of RTx on QT, QTd, QTc, and QTcd 
were studied previously in several adult and 
pediatric cohorts (Table 3); in adult RTx recipients, 
these indexes or only maximum QTc levels 
significantly improved after RTx, along with 
improvement in LVMI and serum electrolytes and 
acid-base status.2,12-15 There are few pediatric case 
studies, and the results are conflicting. In the earliest 
study, QTc levels were in normal ranges and no 

patient had LVH.16 In another study, QTc and QTcd 
levels decreased after RTx and were similar to those 
of the control group; however, LVMI values were 
significantly higher in post-RTx patients than in the 
control patients but regressed remarkably compared 
with the pretransplant period.3 In the most recent 
study, Tp-ed, a relatively novel ECG marker, was 
evaluated in addition to QTd and QTcd. All VR 
indexes improved after RTx, although these 
remained longer than in the control patients,1 and 
LVMI was not evaluated. In our study, we evaluated 
Tp-e/QT and Tp-e/QTc ratios along with QTd, 
QTcd, and Tp-ed. We demonstrated that, although 
mean Tp-ed values were similar to healthy 
individuals, Tp-e/QT and Tp-e/QTc ratios were 
significantly higher in pediatric RTx recipients in 
addition to QTd and QTcd, which suggested that 
these patients were at risk for ventricular 
arrhythmias. To our knowledge, our study is the first 
to determine the Tp-ed, Tp-e/QT, and Tp-e/QTc as 
VR markers in RTx recipients. 

Hypertension constitutes a common problem in 
RTx recipients. Although the underlying mechanisms 
for the persistence of hypertension after successful  
RTx is not completely understood, use of high-dose 
steroids and other immunosuppressive drugs has 
been reported as a possible contributing factor.28 

Blood pressure SDS values were significantly higher 
in our patients with RTx compared with the control 
group. Regression in LVMI is a desired finding after 
RTx; however, studies in children have conflicting 
results. In several studies, LVMI and LVH rates 
and/or cardiac geometry remained similar in the 
post-RTx period compared with the pre-RTx period 
or remained significantly higher compared with the 
control values, although these decreased, especially 
in the early period.3,29-31 In the long-term, improve -
ment in LVH has been reported in pediatric renal RTx 
recipients, and, because the ratio of hypertension 
increased, no significant correlations between LVMI 
and BP measurements have been found.32 In our 
study, we could not demonstrate a correlation 
between LVMI and the BP measurements or BP-SDS 
values, either. However, BP-SDS, LVMI, and RWT 
levels were significantly higher in RTx patients than 
those shown in the healthy children. On the contrary, 
other left ventricular function parameters, including 
EF and FS, were similar to those shown in the healthy 
children. These findings suggested that RTx patients 
do not have normal cardiovascular risk after RTx. 

Abbreviations: QTcd, corrected QT dispersion; SBP-SDS, systolic blood 
pressure standard deviation score 

Figure 2. Correlation of Corrected QT Dispersion and Systolic Blood Pressure 
Standard Deviation Score in Pediatric Renal Transplant Recipients
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The mechanisms behind repolarization abnormal -
ities are not well defined. Systemic hypertension  
and LVH have been reported as important factors  
for QT interval variability and risk of ventricular 
arrhythmia.14,33 Reports have shown LVMI to be 
significantly correlated with VR indexes in several 
adult studies,12,14 whereas another study showed that 
neither BP nor LVMI was related to increased QTd.13 

In children, this association has not been evaluated 
in previous studies, but it was found that QTd, QTcd, 
and Tp-e were significantly correlated with left 
IVSTd1 (Table 3). We could not demonstrate such a 
correlation between LVMI and VR indexes, but QTcd 
was significantly correlated with SBP-SDS. In our 
study, it seems that VR abnormality was likely 
associated with BP rather than LVMI. 

Although this study provides new information on 
VR abnormalities in RTx recipients, the results should 
be interpreted within the context of its limitations. First, 
it was a retrospective study with a small sample size. 
Although the mean follow-up period of the patients 
was 52 months, the follow-up periods and the ECG 
and ECHO schedules for each patient were different. In 
addition, treatment with tacrolimus could have 
interfered with the VR indexes. Among the immuno -
suppressives used after RTx, mostly tacrolimus has 
been suspected as a cause for prolonged QT levels or 
various arrhythmogenic phenomena.33-36 All but one 
of our patients were on tacrolimus treatment during 
the study period. Finally, if we had the chance to 
compare the data of the pretransplant period, this 
would be a more comprehensive study. 

table 3. Previous Studies on Ventricular Repolarization in Renal Transplant Recipients
Study Study Group (No.) ECG Param ECHO Param LVMI ~ ECG Improvement After RTx Result  

Adults 

Yildiz et al HD: RTx (27), QTmax, IVSTd, LVPWTd, Present Improvement in QTd HD patients had abnormal late  
   (2001)12 control (24) QTmin, QTd E/A, LVMI in post-RTx vs pre-RTx potentials, which disappeared 

(HD) period. after RTx. 

Koc et al RTx (34), QTd, QTcd LVMI Absent No pre-RTx group. RTx patients had similar  
   (2002)13 control (34) QTd and QTcd vs control.  

Arnol et al RTx eGFR ≥ QT, QTc, IVSTd, LVPWTd, Present No pre-RTx group. Greater LVM is associated with   
   (2008)14 60 (40), SDNN-QT, LVIDed, LVMI, increased VR heterogeneity 

RTx eGFR < rMSSD-QT, E/A, EF heterogeneity and associated 
60 (28) QTRR risk of arrhythmia and cardiac  

death specifically in patients 
with DGF. 

Monfared and RTx (26), QTc-max, None ND Improvement in QTc Decreased QTc-max levels     
   Ghods (2008)2 HD (26), QTd, QTcd max of RTx vs HD may result from normalization 

control (22) patients. of electrolytes and acid-base 
status. 

Monfared et Pre-HD to QTc-max, QTd, None ND Improvement of QTc- Decreased QTc-max levels  
   al (2012)15 HD: RTx (34) QTcd max  of RTx patients vs  may result from normalization 

pre-HD and HD period. of electrolytes and uremic status. 

Children 
Butani et al CKD (20), QTc LVD, LVH, FS Absent ND QTc prolongation is uncommon     

   (2002)16 RTx (16) in children with CKD or RTx in 
absence of cardiac dilatation. 

Kim et al (2009)3 RTx (32), QTc, QTcd EF, FS, E/A, ND Improvement of QTc Indexes of VR and LVMI  
control (29) LVPGLS, and QTcd in RTx patients improved; LVMI was significantly 

deceleration vs pre-RTx period. higher in RTx vs control.
time, IVRT,  
Tei index, LVMI 

Amoozgar RTx (45), QTd, QTc, EF, FS, IVSTs/d, ND QTd, QTcd, and Tp-e Indexes of VR improve after RTx,  
   et al (2013)1 control (45) QTcd, Tp-e LVPWTs/d, E/A  improved after RTx. but remain longer vs control. 

Our study RTx (30), QTd, QTcd, EF, FS, LVMI, RWT Absent No pre-RTx group. QTd, QTcd, Tp-e/QT, Tp-e/QTc, 
control (30) Tp-e, Tp-e/QT, LVMI, RWT, and BP were higher 

Tp-e/QTc in pediatric RTx vs control. 

Abbreviations: DGF, decreased graft function; ECG, electrocardiography; ECHO, echocardiography; EF, ejection fraction; eGFR, estimated glomerular filtration 
rate; FS, fractional shortening; HD, hemodialysis; IVRT, isovolumic relaxation time; IVSTs/d, interventricular septum thickness at systole and diastole, 
respectively; LVD, left ventricular dilatation; LVH, LV hypertrophy; LVIDed, LV internal diameter at the end of diastole; LVMI, LV mass index; LVMI ~ ECG, 
significant correlation between LVMI and ECG parameters; LVPGLS, LV peak global longitudinal strain; LVPWTs/d, LV posterior wall thickness at systole 
and diastole, respectively; ND, not determined; Param, parameter; QTcd, corrected QTd; QTc-max, maximum corrected QT; QTd, QT dispersion; QTmax, 
maximum QT; QTmin, minimum QT; QTRR, QT interval variability relative to heart rate variability; rMSSD-QT, root-mean-square of the successive QT 
interval difference; RTx, renal transplant; RWT, relative wall thickness; SD, standard deviation; SDNN-QT, SD of normal-to-normal intervals from which 
artifacts have been removed; Tp-e, T-wave peak-to-end interval 
Note: the E/A ratio is a marker of the function of the left ventricle of the heart. E/A represents the ratio of peak velocity blood flow from left ventricular 
relaxation in early diastole (the E wave) to peak velocity flow in late diastole caused by atrial contraction (the A wave).
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In conclusion, we demonstrated that VR anoma -
lies, hypertension, LVH, and cardiac geometry 
irregularity may be observed after RTx in pediatric 
recipients despite acceptable allograft functions  
and normal serum electrolyte levels. Systolic  
BP-SDS values were significantly predictive of 
prolonged QTcd in our study and suggested that 
control of SBP would decrease the risk of VP 
abnormalities. We recommend follow-up for cardiac 
functions, LVH with LVMI and RWT, and VR 
abnormalities with noninvasive and easily accessible 
methods, as well as BP measurements in all  
pediatric RTx recipients. Further studies are needed 
to resolve the conflicting results in the current  
literature. 
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