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Abstract Cardiovascular disease is a leading cause of
long-term morbidity and mortality among children with
chronic kidney disease (CKD). At which stage of CKD
these appear in children is unknown. This study aimed to
determine the prevalence of cardiovascular disease in
pediatric CKD patients and to explore the relationship of
these changes and treatment methods. The study enrolled
pediatric patients with stages 1-5 CKD including 20
patients receiving predialysis (PreD), 8 receiving peritoneal
dialysis, and 14 receiving hemodialysis. Aortic stiffness,
defined as decreased aortic strain (S) and increased pres-
sure strain normalized by diastolic pressure (Ep*), was
described. Sonography of the common carotid artery and
left ventricle was performed. The mean age of the children
was 13.3 + 5.3 years. The patients had lower S values
(0.35 £ 0.23) than the control subjects (0.44 £ 0.2)
(P < 0.05) but higher Ep* (2.46 £ 1.31 vs. 1.32 £ 0.09;
P < 0.05). Aortic stiffness was found in 13 patients. The
PreD group had lower As levels than the dialysis group but
higher levels than the control group. The patients (n = 32)
had greater carotid intima-media thickness than the control
subjects (0.58 £ 0.14 vs. 0.35 &£ 0.12; P < 0.05). The
intima-media thickness was greatest in the PreD group
(P < 0.05). The patients had a higher left ventricular mass
index (LVMI; 42.4 £ 15.6) than the control subjects
(28.8 £ 8.47) (P < 0.05) and a larger left ventricle end
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diastolic diameter (LVEDD; 3.44 4 0.76 vs. 2.59 4 0.34;
P < 0.05). Left ventricular hypertrophy was found in 32
patients. Both LVMI and LVEDD were higher in the
groups receiving hemodialysis and lower in the PreD
group. Increased carotid-intima media thickness and left
ventricle hypertrophy appeared without hypertension in the
PreD group. The indications and timing of dialysis should
be reevaluated for children with CKD. In the dialysis
groups, fewer cardiovascular changes were found with
peritoneal dialysis than with hemodialysis. Therefore,
peritoneal dialysis should be preferable to hemodialysis for
children with CKD.
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Chronic kidney disease (CKD) in the pediatric population
has become an important issue. The mortality rate for CKD
patients is higher than for the general population [46].
Children with CKD have a greater risk of death, particu-
larly from cardiovascular disease (CVD), than the general
pediatric population [26]. The risk for CVD seems
increased even with incipient renal failure. Weiner et al.
[44] showed that moderate renal insufficiency is associated
with a 19% excess risk for cardiovascular complications.

Cardiovascular disease is associated with a number of
risk factors such as malnutrition, diabetes, hyperlipidemia,
hypertension, smoking, male gender, uremia, and anemia
[10, 27, 39, 40, 42, 45]. Childhood-onset CKD has a high
incidence of arteriopathy, even in the absence of traditional
atherogenic risk factors [39, 45]. Progressive renal dys-
function is associated with multiple biochemical and
hemodynamic alterations that profoundly affect the car-
diovascular system.
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The pathologic basis for CVD is arterial damage in the
form of arteriosclerosis and atherosclerosis. Arteriosclero-
sis is described as diffuse thickening and stiffening of
mainly large and medium-sized arteries [22]. Atheroscle-
rosis is a form of arteriosclerosis that causes focal lesions
in the intima of large and medium-sized arteries. This
atherosclerotic process produces changes in the structure
and function of the arterial tree [38]. Cardiovascular dis-
ease is characterized by functional (aortic stiffness) and
morphologic abnormalities such as increased intima-media
thickness of the carotid artery (c-IMT) and left ventricular
hypertrophy (LVH) [27].

Arterial stiffness is an important mechanical property
because it is related to vascular impedance and in turn to
the afterload presented to the left ventricle [32]. Stiffness
of the abdominal aorta increases with age, and its useful-
ness as a noninvasive method of assessment has been
demonstrated [17, 19, 20, 32]. The presence of vascular
calcifications in adult patients with end-stage renal disease
(ESRD) has been associated with increased stiffness of
large, capacitive, elastic-type arteries such as the aorta and
the common carotid artery [14], but only a few studies have
evaluated arterial stiffness in children with chronic renal
disease [2, 13, 24, 30, 37].

Increased intima-media thickness (IMT) of the large
arteries also is an early marker of atherosclerotic changes
and a predictor of cardiovascular events in adult dialysis
patients. Previous studies have noted an elevation in IMT
as early as in stage 2 CKD, with ¢-IMT most marked in
children receiving dialysis [23, 24].

Left ventricular hypertrophy occurs when renal insuffi-
ciency is mild or moderate in children and progresses as
renal sufficiency deteriorates. Approximately one-third of
children with mild to moderate renal insufficiency have
increased LVM [16, 29, 31].

Based on these observations, we hypothesized that path-
ologic changes in the cardiovascular system may give rise to
early-stage CKD. This study aimed to describe the preva-
lence of functional and morphologic changes in the cardio-
vascular system of pediatric CKD patients and to explore the
relationship of these changes and treatment methods.

Patients and Methods

This cross-sectional and observational study included
pediatric patients with stages 1-5 CKD followed by pred-
ialysis (PreD), peritoneal dialysis (PD), and hemodialysis
(HD) at Ege University Faculty of Medicine, Department
of Pediatric Nephrology in Turkey and selected from
October 2007 to May 2008.

The study enrolled 42 children (23 boys and 19 girls)
and 29 healthy children matched for age and gender. These
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patients included 20 PreD patients (5 stage 1, 9 stage 2, 2
stage 3, and 4 stage 4 patients). Of the 22 stage 5 CKD
patients with ESRD, 8 were treated with PD, and 14 were
treated with HD. The duration of renal replacement therapy
(RRT) ranged from 6 to 139 months (average, 50.6 +
36 months). The criteria for exclusion from the study
specified any clinically overinflammatory disease and
overdehydration at the time of screening. The study was
approved by the local ethical committees at Izmir.

All the subjects’ weights and heights were measured and
their standard deviation scores calculated. The body mass
index (BMI) of each subject also was calculated. Nutrition
status was evaluated by calculation of the weight—height
index. Blood pressure was evaluated by manual and
ambulatory 24-h blood pressure monitoring. Hypertension
was defined as an average systolic or diastolic blood
pressure greater than or equal to the 95th percentile for age,
sex, and height. Patients’ clinical characteristics and con-
comitant medications (phosphate binder, vitamin D, anti-
hypertensive drugs) were retrieved from a medical
interview, physical examination, and careful analysis of the
patients’ records.

Chronic kidney disease was defined in terms of an
estimated glomerular filtration rate (¢GFR) (Schwartz for-
mula). Stage 1 (renal injury) was defined by an eGFR
greater than 90 ml/min per 1.73 m?, stage 2 (mild) by an
eGFR of 6089 ml/min per 1.73 m? stage 3 (moderate) by
an eGFR of 30-59 ml/min per 1.73 m? stage 4 (severe) by
an eGFR of 15-29 ml/min per 1.73 m? and stage 5
(ESRD) by an eGFR of less than 15 ml/min per 1.73 m?.

Blood samples were collected from all the patients after
a 12-h fast in a standardized manner. The lipid parameters
of the patients were evaluated including total cholesterol,
high-density lipoprotein (HDL), low-density lipoprotein
(LDL) and triglycerides, hemoglobin, hematocrit, creati-
nine clearance (blood plus peritoneal fluid in the dialysis
group), serum albumin, calcium (Ca), phosphorus (P),
parathyroid hormone, Ca x P, lipid levels, and high sen-
sitive C-reactive protein.

Echocardiographic evaluation was performed with the
Hewlett-Packard Sonos-1000 system (Hewlett-Packard,
Izmir, Turkey) using a 3.5-mHz transducer by the same
cardiologist, who did not know the clinical situation of the
patients. Functional changes were defined as aortic
stiffness.

Aortic stiffness involves decreased aortic strain (S) and
increased pressure strain normalized by diastolic pressure
(Ep*). These were measured using a sphygmomanometer
with cuff and transthoracic echocardiography. The aortic
diameter was measured at the systolic phase (D;) and the
diastolic phase (Dy). All aortic measurements were per-
formed as previously described by Okubo et al. [34] and
Lacombe et al. [17]. The aortic strain was calculated from
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the changes in aortic diameter as measured by echocardi-
ography using the formula

S = (Ds — Dyg)/Dq.

Pressure strain elastic modulus (Ep) was calculated from §
and the changes in brachial artery pressure using the
formula

Ep = (Ps — Pq)/S.

The pressure strain normalized by diastolic pressure (Ep*)
was calculated using the formula

Epx = Ep/Pqy,

where S represents distensibility or elasticity of the aortic
wall and Ep* is the mean stiffness of the aorta. Whereas S
and Ep* are dimensionless ratios, Ep has the dimension and
is represented as N/m? (force/unit area).

Morphologic changes were defined as increased c-IMT
and LVH. Evaluation of c-IMT was performed by carotid
artery ultrasound. Measurements in B-mode were per-
formed on both common carotid arteries.

Intima-media thickness was defined as the distance
between the leading edges of the lumen—intima interface
and the media adventitia interface of the far wall. Left
ventricular hypertrophy was defined as increased left ven-
tricular mass index (LVMI) and increased left ventricle end
diastolic diameter (LVEDD).

The measurements were determined using standard
techniques in accordance with the recommendations of the
American Society of Echocardiography. Both LVM and
LVMI were calculated using the following standard for-
mulas [7, 8]:

LVM = (0.8 X {1.04{(LVEDD +IVSTd + LVPWTd}?

—(LVEDD)*} + 0.6})

LVMI = LVM divided by height to the 2.7 power.

Statistical Analysis

Normality of the data distribution was assessed using the
Kolmogorov—Smirnov test, and the values are presented as
mean =+ standard deviation or as median (interquartile
range) unless otherwise specified. Student’s 7 test, analysis
of variance (ANOVA), and Wilcoxon signed ranked test
were used to compare differences between numeric values
in different groups. Correlations between numeric values
were assessed by Pearson analysis. The chi-square test was
used to compare prevalence between different groups.
Calculations were performed with SPSS version 11.0 for
Windows (SPSS, Chicago, IL, USA), and a P value less
than 0.05 was determined to be significant.

Results

The study investigated 42 patients. As treatment, 20
patients (F/M: 8/12) received PreD, 8 patients (F/M:3/5)
received PD, and 14 patients (F/M:8/6) received HD at the
nephrology clinic. The mean age of the patients was
12.0 + 4. 6 years (range, 3.3-19 years). The mean of
duration of therapy was 40.7 & 30.7 months for PD and
31.1 £ 33.5 months for HD. The mean of weight-height
index of the patients (104.3 4 19.1) was found to be lower
than that of the control subjects (113.1 £ 27.1) (P = 0.08).
Seven patients (1 receiving PreD, 2 receiving PD, and 4
receiving HD) were found to have malnutrition compared
with the control subjects. The systolic and diastolic blood
pressures in the patient groups were found to be signifi-
cantly higher than in the control group. The mean levels of
serum lipids were higher in the patients than in the control
subjects. The mean high sensitive C-reactive protein
(HsCRP) concentration was 1.07 & 1.86 mg/dl (range,
0.1-8.41 mg/dl). The 16 patients (45.7%) who presented
HsCRP levels above 0.3 mg/dl were considered to be
inflamed. A larger proportion of HD patients (59%) were
inflamed. The main clinical and laboratory characteristics
are given in Table 1.

All the children receiving dialysis were administered
calcium-based P-binders and calcitriol, whereas the 13
predialysis patients (65%) were given P-binders and 14
(70%) were given calcitriol. A total of 26 patients (9 PreD,
5 PD, and 12 HD patients) (61.9%) were taking antihy-
pertensive drugs.

Of the 42 study patients, 19 (45.2%) had glomerulopa-
thy, 1 (2.3%) had Alport syndrome, 13 (31%) had reflux
nephropathy, 4 (9.5%) had neurogenic bladder, 3 (7.1%)
had obstructive uropathy, and 2 (4.8%) had hereditary
conditions.

Both strain (S) and stiffness (Ep, Ep*) values showed
significant differences between the patient and the control
groups. The mean S value for the patients (0.27 + 0.13)
was lower than for the control subjects (0.44 £ 0.2)
(P = 0.00), whereas the patient Ep (N/m?) and Ep* values
were higher than the corresponding control values
(respectively, 175 £98 and 119 £27; P =0.00 vs.
2.44 £ 1.37 and 1.32 & 0.09; P = 0.00). Aortic stiffness
was found in 35 (69%) of the 42 patients (15 PreD, 8 PD,
and 12 HD patients; P = 0,167). The S values were higher
in the PreD group (0.30 £ 0.13) than in the PD group
(0.24 4+ 0.13) or the HD group (0.23 &£ 0.09), but the
difference was not statistically significant (P = 0.31). The
mean Ep* value was lower in the PreD group (2.36 £
1.61) than in either the PD group (2.46 + 1.36) or the HD
group (2.59 £+ 0.89) (P = 0.9) (Table 2).

The mean c-IMT for the patients (0.58 £ 0.14) was
higher than for the control subjects (0.35 £ 0.12)
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Table 1 Demographic and clinical data and biochemical characteristics for all the groups

Parameters PreD (n = 20) PD (n = 8) HD (n = 14) Controls P value
Male/female 12/8 5/3 6/8 15/14 -
Age (years) 1223 £ 5.6 9.17 + 4.99 149 + 4.12 12.08 £+ 4.41 0.80*
Duration of CKD (years) 5.89 + 4.1 6.02 + 2.41 5.83 + 4.09 - 0.36"
Duration of dialysis (mos) - 40.7 £+ 30.7 31.1 £33.5 - 0.51°¢
GFR (ml/min/1.73 m?) 46.1 £ 179 11.8 £ 4.1 123 £ 5.1 - -
Weight SDS -02+£13 —1.7+£ 1.1 —-17+£13 0.53 + 0.95 0.00*
Height SDS -07+£12 —22+£20 -23+1.7 1.3+15 0.00*
BMI SDS —-02+14 —-1.0+£ 15 —-15+£13 14 + 1.7 0.09*
Systolic BP (mmHg) 108 £ 16.9 114 £ 22.6 115 £ 20.3 101 £ 10 0.00*
Diastolic BP (mmHg) 68.3 + 8.6 71.8 £ 11.3 733+ 14 65 + 8 0.02*
Pulse pressure (mmHg) 41 £ 8 44 £ 8 46 £ 9 36 £5 0.01*
Serum albumin (mg/dl) 354+08 38+ 1.6 4.08 £ 0.46 45+ 09 0.28°
Total cholesterol (mg/dl) 188 193 178 149 0.14°
LDL cholesterol (mg/dl) 93 94 98 82 0.55°
Triglyceride (mg/dl) 116 166 102 68 0.75"
Calcium (mg/dl) 9.3 £ 0.51 9.3 + 0.49 94 4+ 1.26 - 0.94°
Phosphorus (mg/dl) 49 +2.07 4.8 + 1.61 6.6 +2.83 - 0.04°
Parathyroid hormone (pg/ml) 151.8 £ 206.9 180.7 £+ 168 526 + 546 - 0.01°
HsCRP (mg/dl) 1.6 = 4.0 0.1 £0.1 347 + 6.8 — 0.34°

PreD predialysis, PD peritoneal dialysis, HD hemodialysis, CKD chronic kidney disease, GFR glomerular filtration rate, BMI body mass index,
BP blood pressure, LDL low-density lipoprotein cholesterol, HsCRP high sensitive C-reactive protein, SDS standard deviation score

 Patients vs. control subjects
® PreD vs. renal replacement therapy
¢ PD vs. HD

Table 2 Comparison of cardiovascular system measurements

PreD (n = 20) PD (n = 8) HD (n = 14) Controls P value® P value®

Functional changes (As®)

S 0.30 + 0.13 0.24 £+ 0.14 0.23 £ 0.09 044 £ 0.2 0.00 0.31

Ep (N/m?) 174 £ 115 168 + 89.5 189.4 +£ 72 119 £ 27 0.00 0.89

Ep* 2.36 + 1.61 246 + 1.31 2.59 + 0.89 1.32 + 0.09 0.00 0.91
Morphologic changes

c-IMT 0.58 £ 0.10 0.50 £ 0.13 0.52 +£ 0.19 0.35 + 0.12 0.01 0.25

LVMI (g/m*” 95.2 £ 62.5 41.01 £ 22.7 103.5 £ 55.6 30.25 + 7.23 0.00 0.03

LVEDD (cm) 3.18 £ 0.58 2.98 + 0.57 3.62 + 0.52 2.59 + 0.34 0.00 0.02

PreD predialysis, PD peritoneal dialysis, HD hemodialysis, As aortic stiffness, c-IMT carotid intima-media thickness, LVMI left ventricle mass
index, LVEDD left ventricle end diastolic diameter, S aortic strain, Ep pressure strain elastic modulus, Ep* pressure strain normalized by diastolic

pressure
4 Patients vs. controls
® PreD vs. renal replacement therapy

¢ Defined by decreased aortic strain (S) and increased pressure strain normalized by diastolic pressure (Ep*)

(P = 0.01). Increased c-IMT was found in 36 patients (17
PreD, 8 PD, and 14 HD patients). The mean c-IMT was
higher in the PreD group (0.58 &£ 0.10) than in either the
PD group (0.5 £ 0.13) or the HD group (0.52 £ 0.19)
(P = 0.25) (Table 2).
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In the PreD group, factors affecting increased IMT of
the carotid were examined using Pearson’s correlation test,
and the results are presented in Table 3. In this group,
c-IMT correlated positively with systolic blood pressure
(r=0.700; P =0.001) and cholesterol (r = 0.669;
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Table 3 Factors affecting increased carotid intima-media thickness
(c-IMT) in predialysis (PreD) patients examined by Pearson’s corre-
lation test

Gender Disease duration SBP Cholesterol
c-IMT
R 0.254 0.395 0.700 0.669
P 0.279 0.085 0.001 0.001

SBP systolic blood pressure

P = 0.001), whereas it showed no correlation with gender
or duration of disease.

We found that the patients had higher values than the
control subjects for LVMI (87.5 & 58.3 vs. 28.8 £ 8.47
g/im*’; P =0.00) and LVEDD (329 & 0.60 vs.
2.59 £ 0.34 cm; P = 0.00). Left ventricular hypertrophy
was found in 36 patients (18 PreD, 4 PD, and 14 HD
patients). The LVMI values were higher in the HD group
(103 £ 55.6) than in the PD group (41.01 & 22.7) or the
PreD group (95.2 & 62.5) (P = 0.03). The LVEDD values
were higher in HD group (3.62 £ 0.51) than in the PD
group (2.98 £ 0.57) or the PreD group (3.18 %+ 0.58)
(P = 0.02) (Table 2). In all the patient groups, LVMI was
found to be correlated with systolic blood pressure

(r=10.54; P =0.00), pulse pressure (r= 0.45;
P =0.003), BMI (r=040; P =0.009), and age
(r=0.67; P =0.00), but not with male gender
(P = 0.39).

Functional and morphologic disorders increased more
among the patients than among the control subjects
(P < 0.05). The duration of CKD, underlying renal disease,
and concomitant medications (vitamin D, phosphate bind-
ers, and antihypertensive drugs) were not significantly
associated with cardiovascular changes in the CKD
patients (data not shown). The PreD group had as many
functional and morphologic changes in the cardiovascular
system as the RRT group.

Discussion

Clinical and epidemiologic studies have shown that struc-
tural and functional changes in large arteries are a major
contributing factor to the high mortality rate recorded for
adult uremic patients [45]. However, the data on such
changes in children with ESRD are limited.

This cross-sectional and observational study assessed
cardiovascular parameters in pediatric CKD patients. The
patients were classified according to treatment methods,
namely, conservative treatment (PreD), peritoneal dialysis,
and hemodialysis. The cardiovascular findings of the

patients were identified as functional and morphologic
changes.

Measurement of aortic distensibility is shown to be a
noninvasive method for early detection of atherosclerosis
in adults. Increased stiffness causes an increase in systolic
blood and pulse pressures and a decrease in diastolic blood
pressure, thereby causing increased left ventricle afterload
and altered coronary perfusion [32]. Lacombe et al. [17]
demonstrated that S, Ep, and Ep* in subjects are related to
atherosclerosis. Arterial stiffness is observed already in the
early stages of adult CKD [43].

The few studies investigating stiffness of the aorta in
children have found increased aortic stiffness in children
receiving hemodialysis [2, 5, 6]. Although carotid stiffness
could be used to predict cardiovascular events of patients
with ESRD [3], this was less evident for patients with
manifest arterial disease [9]. However, the abdominal aorta
could be examined more easily than the carotid artery in
childhood. In this study, we measured the aorta and cal-
culated the aortic wall strain (S), the stiffness (Ep), and the
incremental modulus of elasticity (Ep*), then compared
these values in our patients with those in healthy control
subjects.

Aortic stiffness was determined for 35 patients (69%)
with CKD. We also found that children in both the predi-
alysis and dialysis periods already had significant arterial
functional abnormalities and that their S values were lower
than in control subjects whereas their Ep* values were
greater. However, compared with the predialysis and
dialysis groups, the strain and stiffness of the aortic wall
were better in the PreD group, but the differences
were not statistically significant (P = 0.31 and P = 0.9,
respectively).

On the other hand, most of the patients in Pre-D group
(n = 15) had aortic stiffness. This result supports the
conclusion that functional changes in the cardiovascular
system are beginning when kidney function is mildly
impaired. Among the dialysis groups, the stiffness of the
aortic wall was better in the PD group than in the HD
group, but the difference was not statistically significant
(P > 0.05). Therefore, the indications and timing of dial-
ysis should be reevaluated, and peritoneal dialysis should
be preferred over hemodialysis for children with CKD.

Previous studies have shown that increased stiffness of a
large artery usually is associated with older age [15, 33].
Our results demonstrated that arterial abnormalities
become apparent even in children at a young age.

Increased c-IMT was first observed in a group of young
adults with childhood-onset, end-stage renal disease and
found to be correlated negatively with glomerular filtration
rate [22, 24, 33]. The findings showed that IMT is already
increased in children with stage 2 CKD [23] and that young
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adults who experienced CKD in childhood had increased
carotid IMT compared with a healthy control group [33].

In our study, the mean age-related IMT values were
significantly higher in the patients than in the control
subjects (P = 0.01). The PreD patients had higher values
of cIMT than the PD and HD groups (P > 0.05). In the
PreD group, c-IMT correlated positively with systolic
blood pressure and cholesterol but not with gender or
duration of disease. In the PreD period, 17 of 20 patients
presented with increased c-IMT values, especially patients
with stage 2 CKD. These findings showed that CVD
appears at an early stage for CKD patients and can be
prevented with RRT.

Two comparable studies investigated young adults
receiving dialysis treatment who had experienced child-
hood-onset ESRD and adults who had undergone renal
transplantation. The findings showed significantly elevated
and normal IMT values of the carotid artery compared with
age- and gender-matched controls, respectively [30, 33].
Litwin et al. [24] investigated IMT and vascular structure
in pediatric CKD patients receiving conservative treatment
or dialysis and in patients who had undergone renal
transplantation. The authors observed increased mean IMT
values in all the patient groups, with the most marked
changes in the dialysis patients. In the current study, the
c-IMT values among dialysis patients were lower in the PD
group (0.5 £ 0.13) than in the HD group (0.52 + 0.19)
(P =0.71).

Because symptomatic CVD is rare in children, the focus
of research has been on identifying it in children with CKD
early markers or intermediate cardiovascular outcomes.
Echocardiographically detected abnormalities of the left
ventricle such as LVH have been accepted as early markers
of cardiomyopathy [36]. One-third of adults with preter-
minal CKD have LVH, and its frequency increases with
worsening of dialysis [11, 12, 21]. Prior studies have
shown that about one-third of children with CKD have an
increased LVMI [16, 25]. The mean LVMI was signifi-
cantly increased in CKD patients, and 50% of the patients
showed LVH. In 31% of patients, significant LVH must be
considered.

Recently, a correlation between LVH and hypertension
in pediatric CKD patients has been shown [30]. Mitsnefes
et al. [29] showed that 31% of patients with CKD (stages 2
to 4) had a significant increase in LVMI, with LVH
developing in many of the children. Also, Chavers and
Herzog [4] reported a 70% prevalence of LVH among
stage 5 CKD patients. At initiation of maintenance dialysis,
69-82% of pediatric patients had evidence of LVH [28,
41]. In addition, 70-90% of patients had LVH during
dialysis treatment [35].

Continuous ambulatory peritoneal dialysis (CAPD)
often leads to better control of hypertension, a higher
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intake of calories, and less anemia than hemodialysis. In
addition, continuous dialysis treatment provides good
clearance of uremic toxins. Alpert et al. [1] showed that
mean blood pressure, left ventricle end systolic and dia-
stolic volumes, left ventricle stroke index, and cardiac
index were significantly lower and the mean velocity of LV
circumferential fiber shortening significantly higher in
CAPD patients than in HD patients. Also, Leenen et al.
[18] showed that left ventricle systolic function returned to
normal in patients undergoing CAPD for CKD.

Left ventricular hypertrophy was found in 31 the study
patients (13 PreD, 4 PD, and 14 HD patients). Also, we
determined that 24 (77.4%) of the 31 patients had hyper-
tension. In all the patient groups, LVMI was found to be
correlated with systolic blood pressure (r = 0.54;
P = 0.00), pulse pressure (r = 0.45; P = 0.003), BMI
(r = 0.40; P = 0.009), and age (r = 0.67; P = 0.00), but
not with male gender (P = 0.39).

In the predialysis period, 13 (65%) of 20 patients had
hypertrophy of the left ventricle. However, we observed
that the LVMI and LVEDD values were significantly
higher in the HD group (P = 0.03) than in the PD or PreD
group (P = 0.02). The patients receiving hemodialysis
appeared to have a higher prevalence of LVMI and LVH
(82.3%) than the patients receiving peritoneal dialysis
(40%). This is possibility related to poorer blood pressure
control. These results suggest that morphologic changes
occur in patients with early-stage CKD and that dialysis
should be maintained with these patients.

In conclusion, functional and morphologic abnormalities
were found to be greater in patients with CKD than in
control subjects. Functional changes were determined to be
fewer in patients with early-stage CKD (PreD patients)
than in dialysis patients. In contrast, c-IMT values were
found to be higher in the PreD group than in the other
groups. We also found that most of the PreD patients had
LVH. In the dialysis groups, either functional or morpho-
logic abnormalities were found to be fewer in patients
receiving peritoneal dialysis. Therefore, the indications and
timing of dialysis should be reevaluated, and peritoneal
dialysis should be preferred over hemodialysis for children
with CKD.

This study was limited by a small number of patients in
each group. More research with large populations is
required to clarify the reported issue.
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