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Abstract Cross-sectional studies have demonstrated that
left ventricular hypertrophy (LVH) is common in children
on maintenance dialysis. We report the echocardiogram
results of 17 children from seven centers in the Midwest
Pediatric Nephrology Consortium who have spent at least
2 years on maintenance dialysis and had three consecutive
echocardiograms: at initiation of dialysis therapy and 1 and
2 years later. The results indicate that LVH is prevalent at
the initiation of dialysis (82%) and remains both frequent
(82%) and severe (59%) after 2 years of maintenance
dialysis. Normalization of LV geometry was unlikely: the
prevalence of concentric LVH increased and the prevalence
of eccentric LVH did not change over time, indicating poor

blood pressure and volume status control in these patients.
We conclude that children on maintenance dialysis are at
high risk for future cardiovascular disease.
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Introduction

A Special Report from the National Kidney Foundation
Task Force on Cardiovascular Disease [1] identified left
ventricular hypertrophy (LVH) to have high prevalence in
adult patients with end-stage renal disease (ESRD) and to
be associated with high cardiac morbidity and mortality.
Similar to adults, children on maintenance dialysis
frequently have LVH, which is often severe [2–4]. Most
pediatric studies have been cross-sectional; therefore, it is
currently unknown how LVH changes over time in children
with ESRD. It is possible that persistent LVH might
contribute to future cardiac disease, the leading cause of
death in children and young adults who are exposed to
long-standing dialysis [5, 6]. The relatively small number
of patients who require long-term dialysis makes it difficult
to assess LVH changes over time in a single pediatric
center. We therefore performed a multicenter study in the
Midwest Pediatric Nephrology Consortium (MWPNC)
with the objective to assess changes in (1) LV Mass, (2) LV
geometry, and (3) prevalence of LVH in children and
adolescents on long-term dialysis.

Methods

This is a retrospective longitudinal analysis of echocardio-
graphic data collected from pediatric patients receiving
maintenance dialysis. Seven pediatric dialysis units from
the MWPNC participated in the study. The Institutional
Review Board of each participating center approved the
study. Data were collected from November 2004 to
November 2005. The inclusion criteria were: (1) children
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18 years and younger on maintenance dialysis for at least
2 years; (2) no prior kidney transplantation; (3) baseline
echocardiographic evaluation within 90 days after starting
maintenance dialysis (echo 1); (4) two follow-up echo-
cardiograms – at 1 and 2 years after the initiation of dialysis
therapy. Seventeen subjects met the above criteria and were
included in the analysis. The echocardiograms were
performed at a mean of 2.2, 10.5, and 22.5 months
following the initiation of dialysis. Patients with a history
of disease that may affect cardiovascular structure or
function (anatomic heart defects, congenital or familial
cardiomyopathy) were excluded from the study.

Medical charts were reviewed for: gender, race, cause of
ESRD, dialysis modality, medications (dose/day), includ-
ing antihypertensives, steroids, and recombinant erythro-
poietin, as potential confounders for cardiac structure. Data
collected at the time of echocardiography included: age,
height, weight, and blood pressure. Laboratory results at
the time of or most recent to echocardiography included:
hematocrit, serum levels of intact parathyroid hormone
(iPTH), calcium, phosphorus, bicarbonate, and albumin.

Echocardiographic data included: LV end-diastolic di-
mension, septal thickness, LV posterior wall thickness, and
shortening fraction. Left ventricular mass (LVM) was
calculated according to the American Society of Echocar-
diography criteria [7]. LVM index (g/m2.7) was used to
evaluate LVH accounting for body size, as described
elsewhere [8]. LVH was defined as LVM index greater than
the 95th percentile for normal children and adolescents
aged 5–18 years [9]. Because the 95th percentile values in
young children are significantly higher than those in older

children, the Cincinnati Children’s Hospital Medical
Center reference values for LVM index were used for
children younger than 5 years of age (four subjects in the
study) [10]. Severe LVH was defined as LVM index greater
than the 99th percentile in children less than 5 years of age
and greater than 51 g/m2.7 for children older than 5 years
[9, 10]. LVH and severe LVH status were reassessed at
each time point according to age. Relative wall thickness
(RWT) was calculated to assess the LV geometric pattern
[11]. A value of 0.375 (95th percentile of control subjects)
was used as the cutoff for normal [9]. Patients with LVH
and elevated RWTwere defined as having concentric LVH,
and those with LVH and normal RWT had eccentric LVH.
Concentric remodeling was defined as elevated RWT and
normal LVM index.

Statistical analysis The repeated measures ANOVA was
used to compare serial values. Values are presented as the
mean ± standard deviation (SD). The associations between
variables were assessed by Spearman analysis using the
SIGMASTAT ver. 3.1 statistical package (Systat Software,
Point Richmond, Calif.). A p value ≤0.05 was considered
to be statistically significant.

Results

At the time of initiation of dialysis, the average age was
8.5±6.0 years (range: 0.1–18 years). The majority of the
participants were males (12; 70%) and white (eight; 47%);
six (35%) were African-American and three (18%) were

Table 1 Changesa in clinical and echocardiographic parameters from baseline to the 2-year follow-up in 17 pediatric patients on long-term
maintenance dialysis (NS not significant)

Parameters Echo 1 (2.2 months) Echo 2 (10.5 months) Echo 3 (22.5 months) p value

Systolic blood pressure index 1.00±0.14 0.99±0.17 1.01±0.13 NS
Diastolic blood pressure index 1.00±0.23 0.96±0.20 0.92±0.19 NS
Hypertension (%) 9 (53) 9 (53) 10 (59) NS
Hematocrit (%) 31.9±5.0 34.7±3.4 33.9±4.1 NS
Anemiab 11 (65) 5 (29) 5 (29) <0.05
Phosphorusc (mg/dl) 5.6±1.2 6.2±1.9 6.6±2.4 NS
Ca x P productc (mg2/dl2) 48.9±21.7 59.3±19.7 62.9±24.9 NS
iPTHc (pg/ml) 289±417 350±409 396±296 NS
Albumin (mg/dl) 3.4±0.7 3.7±0.5 3.8±0.7 NS
LVM indexd (g/m2.7) 55.5±15.6 55.7±24.9 54.5±19.9 NS
LVHd (%) 14 (82) (13) 76 14 (82) NS
LV geometry (%)
Normal 3 (17.5) 4 (23.5) 2 (12) NS
Concentric remodeling 0 0 1 (6) NS
Concentric LVH 3 (17.5) 4 (23.5) 5 (29) NS
Eccentric LVH 11 (65) 9 (53) 9 (53) NS

Severe LVH (%) 9 (53) 6 (35) 10 (59) NS
Shortening fraction (%) 36.3±6.1 37.9±10.1 38.6±9.5 NS
aData are presented as the mean ± standard deviation, or as a percentage
bSignificant difference between echo 1 and echo 2 and between echo 1 and echo 3
cFriedman Repeated Measures Analysis of Variance on Ranks
dSevere LVH is defined as LVMI >51 g/m2.7 or >99th percentile for children younger than 5 years of age
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Asian. The primary kidney diagnosis included structural
anomalies/familial diseases in nine (53%) patients, glo-
merulonephritis/focal segmental glomerulosclerosis
(FSGS) and systemic immunological disease in six
(35%) patients, and other disorders in two (12%) patients.
Nine (53%) patients received hemodialysis and eight
(47%) received peritoneal dialysis as the mode of renal
replacement therapy. Eleven (65%) patients were treated
with antihypertensive medications: eight patients were on
a single medication, and three patients were taking two
medications. Uncontrolled hypertension, defined as blood
pressure above the age-, sex-, and height-specific 95th
percentile [12], was present in nine (53%) patients during
the baseline period.

The changes in clinical and echocardiographic data are
presented in Table 1. There was no significant change in the
mean values of blood pressure or any laboratory markers
during the follow-up period. Fewer subjects had anemia,
but the prevalence of hypertension did not change. There
was no significant change in the mean LVM index from
echo 1 to echo 2 or to echo 3. The prevalence of LVH at
baseline was 82%. The overall prevalence of LVH did not
change significantly from the time of the initiation of
dialysis to the 2-year follow-up; the prevalence of severe
LVH remained high during the follow-up period. Eccentric
LVH remained the most common geometric pattern at all
time points; the prevalence of concentric LVH increased
but was not statistically significant.

At baseline, the mean LVM index tended to be higher in
children with acquired kidney disease than in those with
congenital kidney disease (62.7±13.1 g/m2.7 vs. 53.1±
16.1 g/m2.7), in hypertensive patients than in normotensive
patients (57.9±16.1 g/m2.7 vs. 48.2±13.2 g/m2.7) and in
children on peritoneal dialysis than in those on hemodial-
ysis (59.9±14.7 g/m2.7 vs. 52.3±16.3 g/m2.7), but the
differences did not reach statistical significance (all
p>0.05). Patients on peritoneal dialysis were significantly
younger than patients on hemodialysis (3.5±3.7 vs. 11.5±
5.3 years; p=0.007); there was no significant difference
between groups for other clinical or laboratory parameters.

Despite no significant changes in the mean LVM index
for the whole group during the study period, an examination
of individual data revealed a large variability in the LVM
index values (Fig. 1). Among three subjects with normal
LVM index at baseline, two subsequently developed LVH;
eight patients had a decrease in their LVM index; two
subjects normalized LVM but six continued to have LVH.
Correlation analysis showed that changes in the LVM index
over time were significantly associated with changes in the
systolic blood pressure (SBP) index: echo 1–echo 2, r=0.58
(p=0.02); echo 1–echo 3, r=0.68 (p=0.009). Analysis of the
follow-up data according to dialysis modality showed no
significant changes in the LVM index for either the
hemodialysis (echo 2: 54.2±20.4 g/m2.7; echo 3: 53.2±
19.3 g/m2.7, p=NS) or peritoneal dialysis (echo 2: 58.1±
24.4 g/m2.7; echo 3: 56.6±22.7 g/m2.7, p=NS) group. There
was no significant difference in the LVM index according to
anemia status at any time point (data not shown).

Discussion

The majority of pediatric patients on maintenance dialysis
receive kidney transplantation within a relatively short
period of time after the initiation of dialysis therapy.
However, there are a small number of dialyzed children
who require long-term dialysis. These children are at risk
for multiple complications and poor long-term prognosis.
The survival of children with ESRD in the U.S. remains
low, with an expected lifespan of 40–60 years less than that
of an age- and- race- matched U.S. population [13]. The
most notable cause of this poor survival is increased
cardiac mortality due to the development of accelerated
cardiovascular disease [5].

Even though children with ESRD usually do not present
with symptomatic coronary artery disease or clinically
evident congestive heart failure, many of them develop
early cardiovascular abnormalities, including LVH, which
is a known risk factor for cardiac failure and mortality. For
this retrospective longitudinal and multicenter study, we
selected a group of children who had spent at least 2 years
on maintenance dialysis. We thought that these children
might be at high risk for cardiac hypertrophy. The results of
the study confirm that LVH remains very prevalent in
children and adolescents after 2 years of maintenance
dialysis. The results also indicate that normalization of LV
geometry is uncommon: the prevalence of concentric LVH
increased and the prevalence of eccentric LVH did not
change, probably due to poor blood pressure and volume
status control in these patients.

The major concern is that the severity of LVH did not
decline in these children over 2 years of observation.
Severe LVH, defined as an LVM index above 51 g/m2.7, is
associated with a 4.1-fold increased risk of cardiovascular
morbidity in adults [14]. In our subjects, LVH most likely
reflected a continued compensatory process since the
shortening fraction, which is used as a measure of systolic
function, did not change during the follow up period. The
long-term concern is that persistent and severe LVH in
these dialyzed patients may eventually progress to a

Fig. 1 Longitudinal change in the LVM index (g/m2.7) for
individual subjects
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maladaptive stage of LVH with a risk for ultimate
worsening of cardiac function and the development of
fatal and nonfatal cardiovascular events [15]. Due to the
limitations of the two-dimensional echocardiograms per-
formed in these patients, we were unable to assess if these
patients had diastolic dysfunction, which is frequently the
initial abnormality of cardiac function seen with maladap-
tive LVH.

Previous studies in the adult dialysis population have
shown that regression of LVH is possible with strict blood
pressure control, but the majority of changes in the LVM
index occur in the first year following the initiation of
dialysis treatment [16]. In our study, despite a decrease in
the LVM index in almost half of the children studied, no
significant improvement in LVH status took place.
Interestingly, the changes in the LVM index were
significantly associated with the changes in blood pressure,
suggesting that reduction of the LVM index indeed might
be linked to an improvement in blood pressure. On other
hand, the high prevalence of volume-dependent eccentric
LVH suggests that fluid overload rather than hypertension
per se is likely a cause of persistent LVH in our subjects.
The higher LVM index in patients on peritoneal dialysis
might also reflect a poorer volume control in these children,
but we can not rule out that the younger age in peritoneal
dialysis group is the reason for such results. The small
sample size limited our ability to determine the specific
risks for LVH.

We also recognize other limitations due to the retro-
spective and multicenter nature of the study. Specifically,
we can not rule out that individual variability of
echocardiographic data might in part be due to the lack
of standardization among the centers and observer bias.
The information on nephrectomy status, duration of
chronic kidney disease prior to the initiation of dialysis,
and fluid status were also not available. Despite these
limitations, our report underscores the difficulty in gaining
control of LVH in a selected group of children exposed to
long-term dialysis. The results emphasize the need for
careful monitoring and more aggressive management of
volume overload and hypertension, especially within the
initial months on maintenance dialysis when the opportu-
nity to achieve blood pressure control and possibly reduce
LVH in these patients is more optimal. Even more
important, perhaps, is to intervene prior to dialysis since
LVH is already very prevalent at the development of ESRD
and seems to be difficult to improve once the patient is on
dialysis.
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