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Abstract

Steroid-resistant nephrotic syndrome (SRNS) is a nephrotic syndrome (NS) which does not respond to high-
dose corticosteroid therapy after 4 to 8 weeks. SRNS occurs in approximately 10-20% of childhood idiopathic
nephrotic syndrome. SRNS patients are at risk of developing cardiovascular complications due to the long
duration of the disease. This retrospective descriptive study investigated left ventricular function in pediatric
patients with steroid-resistant nephrotic syndrome (SRNS) at Dr. Hasan Sadikin General Hospital, Bandung,
Indonesia, from 2018 to 2022. A total of 42 patients aged 1 month to 18 years who underwent transthoracic
echocardiography (TTE) were included. Left ventricular function was assessed using ejection fraction (EF) and
fractional shortening (FS). Most patients (61.9%) had normal EF and FS values, while 38.1% showed decreased
systolic function. The mean EF and FS were 55.8% and 30.2%, respectively, with median values of 59.3% and
31.2%. An important finding in this study is that some children with SRNS exhibited decreased EF and FS
values despite having no other identifiable risk factors for ventricular dysfunction, such as congenital heart
disease (CHD), rheumatic heart disease (RHD), chronic kidney disease (CKD), or hypertension. This finding
sugest that ventricular dysfunction may still occur independently in some cases of SRNS.
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Introduction

Nephrotic syndrome is characterized by massive
proteinuria, which leads to hypoalbuminemia,
edema, and hyperlipidemia. Nephrotic syndrome
that does not respond after four to eight weeks
of high-dose corticosteroid therapy is classified
as steroid-resistant nephrotic syndrome
(SRNS).! SRNS occurs in approximately 10-
20% of children with idiopathic nephrotic
syndrome.? SRNS are relatively vulnerable to
complication, due to prolonged hyperlipidemia,
persistent proteinuria, and hypoalbuminemia
that fail to achieve remission. These conditions
may lead to to cardiovascular complication.
Major cardiovascular complications such as left
ventricular dysfunction and remodeling may
develop. Through the SMAD-TGF- signaling
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pathway, SRNS may contribute to progressive
stiffening of the blood vessels and myocardium,
with these alterations typically developing
gradually over a span of two to five years. 34

Focal segmental glomerulosclerosis (FSGS)
is the most common histological finding
in SRNS, with various associated genetic
mutations. These mutations include alterations
in genes encoding nephrin, podocin, and CD2-
associated protein (CD2AP), which are essential
components of the podocyte slit diaphragm, as
well as ACTN4, a key structural protein of the
podocyte cytoskeleton.>® Mutations in these
genes can damage the filtration membrane,
resulting in persistent proteinuria. Such damage,
along with ongoing proteinuria, contributes
to complications including dyslipidemia,
thrombosis, hypertension, and cardiovascular
disease.*®

Thrombocytosis and hypertension are
additional complications observed in children
with SRNS. Thrombosis, in particular, has been
linked to an increased risk of cardiovascular
events.'” Hypertension is a condition that may
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occur in children with nephrotic syndrome,
including children with SRNS. Both renal and
extrarenal factors contribute to hypertension
in nephrotic syndrome. Renal factors include
albuminuria, sodium retention, activation of the
RAAS (renin-angiotensin-aldosterone system),
and fibrosis or decreased glomerular filtration
rate (GFR). Extrarenal factors include the effects
of medications, comorbid conditions, and
genetic predisposition factors.? Hypertension
is a risk factor for ventricular dysfunction. In
children with hypertension, diastolic dysfunction
of the left ventricle is observed owing to
increased afterload, myocardial fibrosis, and
inflammation.**°

Another possible complication is endothelial
dysfunction, which may be induced by
excessive albuminuria, oxidative stress, or
prolonged steroid therapy. Several markers
indicate endothelial dysfunction, such as tissue
plasminogen activator (t-PA), plasminogen
activator inhibitor-1 (PAI-1), and von Willebrand
factor (vVWF). These markers reflect endothelial
activation and damage, and are linked to
atherosclerotic and thrombotic diseases. In
children with SRNS, endothelial dysfunction
tends to be more severe than in children
with frequently relapsing or steroid-sensitive
nephrotic syndrome, thereby significantly
increasing the risk of atherosclerosis.!!

Previous studies have shown that children
with NS, especially those with SRNS, are at
an increased risk for developing ventricular
dysfunction. A deeper understanding of these
risks in pediatric NS and SRNS patients is
essential. However, there remains a scarcity of
studies examining ventricular dysfunction in
children with nephrotic syndrome, particularly
those with SRNS, and this is especially true in
the Indonesian context. This study represents
the first Indonesian investigation assessing left
ventricular function in pediatric SRNS using both
ejection fraction (EF) and fractional shortening
(FS), which are standard echocardiographic
parameters for evaluating systolic function.!?
This study aims to identify potential risk factors
that may serve as predictors of left ventricular
function decline in this patient population.

Methods

This study was conducted using a retrospective
descriptive research design. The sample
comprised medical records of children aged over
1 month and under 18 years diagnosed with

steroid-resistant nephrotic syndrome (SRNS)
and treated at Dr. Hasan Sadikin General Hospital
Bandung, between 2018 and 2022. The primary
objective was to evaluate left ventricular function
through transthoracic echocardiography. All
echocardiographic examination were performed
at Dr. Hasan Sadikin General Hospital Bandung
by pedriatic cardiologist.

A total sampling method was applied, in
which all patients who met the eligibility criteria
during the study period were included.. The
inclusion criteria were children with a confirmed
diagnosis of SRNS, characterized by massive
proteinuria, edema, and hypoalbuminemia,' who
had undergone transthoracic echocardiography.
Patient with incomplete records were excluded.
Ethical approval and permission to access
medical records were granted by the Health
Ethics Research  Committee  Universitas
Padjadjaran and Dr. Hasan Sadikin General
Hospital (Approval No0.197/UN6.KEP/
EC/2023 and No.DP.04.03/X.2.2.1/5947/2023,
respectively).

Data extracted from the medical records
included sex, age, presence of congenital heart
disease (CHD), rheumatic heart disease (RHD),
other congenital disorders, chronic kidney
disease (CKD) status, SRNS etiology, nutritional
status, blood pressure (BP), heart rate (HR),
laboratory results including platelet count,
history of hematuria, and echocardiographic
findings. Echocardiographic evaluation of left
ventricular function was based on measurements
of ejection fraction (EF) and fractional shortening
(FS). Normal EF values were defined as 56-78%,
and normal FS values as 28-45%.1%14

CKD stages were classified according to the
KDIGO guidelines into non-CKD, CKD stage I,
stage II, stage III, stage IV, and stage V.! Blood
pressure categoriesnormal, prehypertension,
stage I hypertension, and stage Il hypertension
were determined using the 2017 American
Academy of Pediatrics (AAP) guidelines. Heart
rate was categorized as bradycardia, normal,
or tachycardia based on age-adjusted norms
in Park’s Pediatric Cardiology for Practitioners.'®
Platelet counts were classified as low, normal,
or high using reference values from the Nelson
Textbook of Pediatrics.** Hematuria was classified
as either absent or present, also following criteria
in the Nelson Textbook of Pediatrics.*®

Results

This study included 42 out of 59 children with
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Table 1 Distribution of Characteristics in Children with SRNS

Variables Children with SRNS
n=42 %
Age (years)
0-1 1 2.4
2-3 0 0
4-6 0 0
7-12 16 38.1
13-18 25 59.5
Gender
Male 18 42.9
Female 24 57.1
Nutritional Status
Severely wasted 6 14.3
Wasted 3 7.1
Normal 32 76.2
Overweight 1 2.4
SRNS Etiology
Primary 31 73.8
Secondary 11 26.2
History of CHD/RHD/Other Congenital Diseases
Yes 8 19.0
No 34 81.0
CKD History
No CKD 17 40.5
Stage | 2 4.8
Stage 1 1 2.4
Stage III 1 2.4
Stage IV 2 4.8
Stage V 19 45.2
Blood Pressure
Normal 15 35.7
Pre-hypertension 4 9.5
Stage 1 hypertension 5 11.9
Stage 2 hypertension 18 42.9
Heart Rate
Bradycardia 0 0
Normal 39 92.9
Tachycardia 3 7.1
Platelet Count
Low 8 19.0
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Table 1 Continued

Children with SRNS
Variables
n=42 %
Normal 29 69.0
High 5 11.9
Hematuria History
Negative 9 214
Positive 33 78.6

steroid-resistant nephrotic syndrome (SRNS)
who underwent echocardiographic examination
and met the inclusion criteria. Of these, 31
children were diagnosed with primary SRNS,
while 11 had secondary SRNS. Eight children had
SRNS accompanied by congenital heart disease
(CHD), rheumatic heart disease (RHD), or other
congenital disorders. Two children had SRNS
with chronic kidney disease (CKD) stage I, and
23 children had CKD stage 1. The characteristics
of the study sample are presented in Table 1.

Table 2 displays the distribution of
echocardiographic findings in children with
SRNS. The majority of children (61.9%) had
normal ejection fraction (EF) and fractional
shortening (FS) wvalues, while 38.1% had
decreased EF and FS. The mean EF and FS
values were 55.8% and 30.2%, respectively, with
median values of 59.3% and 31.2%.

The distribution of echocardiographic
findings in children with steroid-resistant
nephrotic syndrome (SRNS), according to various
patient characteristics, is presented in Table 3.
Among children with SRNS and poor nutritional
status, the majority showed decreased ejection
fraction (EF) and fractional shortening (FS)
values (4 samples; 66.7%). Conversely, most
children with primary SRNS had normal EF

and FS values (18 samples; 58.1%), although
a substantial proportion (13 children; 41.9%)
exhibited decreased EF and FS values. Similarly,
most children with secondary SRNS showed
normal EF and FS values (8 samples; 72.7%),
while 3 children (27.3%) had decreased values.

Most children with SRNS and a history of
chronic kidney disease (CKD) demonstrated
normal EF and FS values. However, among those
at CKD stage V, a notable number exhibited
decreased EF and FS values (8 samples; 42.1%).
In contrast, among children with SRNS but no
history of CKD, the proportions were nearly
balanced between those with decreased (8
samples; 47.1%) and those with normal EF and
FS values (9 samples; 52.9%).

Children with SRNS and a history of
congenital heart disease (CHD), rheumatic heart
disease (RHD), or other congenital conditions
predominantly showed normal EF and FS
values (6 samples; 75%), with the remainder
(2 samples; 25%) demonstrating decreased
values. All children with SRNS and a history of
prehypertension, stage [ hypertension, or stage
I hypertension exhibited normal EF and FS
values (19 samples). In contrast, among children
with no history of hypertension, the proportion
of those with decreased EF and FS values (8

Table 2 Echocardiographic Findings in Children with Steroid-Resistant Nephrotic Syndrome

Variables Children with SRNS
. ” Mean * SD Median
EF?
Decreased 16 38.1 55.8+17.1 59.3%
Normal 26 61.9
FS?
Decreased 16 38.1 30.2+13.6 31.2%
Normal 26 61.9

1EF, ejection fraction; ?FS, fraction shortening
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Table 3 Distribution of Echocardiographic Findings According to Clinical Characteristics in
Children With Steroid-Resistant Nephrotic Syndrome

Characteristic Category EF Decreased EF Normaln FS Decreased FS Normal
n (%) (%) n (%) n (%)
Age (years) 0-1 0(0.0) 1(100.0) 0 (0.0) 1(100.0)
2-3 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
4-6 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
7-12 7 (43.8) 9 (56.3) 7 (43.8) 9 (56.3)
13-18 9 (36.0) 16 (64.0) 9 (36.0) 16 (64.0)
Sex Male 7 (38.9) 11 (61.1) 7 (38.9) 11 (61.1)
Female 9 (37.5) 15 (62.5) 9 (37.5) 15 (62.5)
Nutritional status Severely wasted 4 (66.7) 2 (33.3) 4 (66.7) 2 (33.3)
Wasted 1(33.3) 2 (66.7) 1(33.3) 2 (66.7)
Normal 11 (34.4) 21 (65.6) 11 (34.4) 21 (65.6)
Overweight 0 (0.0) 1(100.0) 0 (0.0) 1(100.0)
Etiology Primary 13 (41.9) 18 (58.1) 13 (41.9) 18 (58.1)
Secondary 3(27.3) 8(72.7) 3(27.3) 8(72.7)
CKD stage No CKD 8(47.1) 9 (52.9) 8 (47.1) 9 (52.9)
CKDI 0 (0.0) 2 (100.0) 0 (0.0) 2 (100.0)
CKD II 0 (0.0) 1(100.0) 0 (0.0) 1(100.0)
CKD III 0 (0.0) 1(100.0) 0 (0.0) 1(100.0)
CKD IV 0 (0.0) 2 (100.0) 0 (0.0) 2 (100.0)
CKDV 8(42.1) 11 (57.9) 8 (42.1) 11 (57.9)
g‘n%é RED/Oer  Yes 2 (25.0) 6 (75.0) 2 (25.0) 6 (75.0)
No 14 (41.2) 20 (58.8) 14 (41.2) 20 (58.8)
Blood pressure Normal 8(53.3) 7 (46.7) 8(53.3) 7 (46.7)
Pre-hypertension 1(25.0) 3(75.0) 1(25.0) 3(75.0)
Hypertension I 2 (40.0) 3(60.0) 2 (40.0) 3(60.0)
Hypertension II 5(27.8) 13 (72.2) 5(27.8) 13 (72.2)
Heart rate Bradycardia 0(0.0) 0 (0.0) 0(0.0) 0(0.0)
Normal 14 (35.9) 25 (64.1) 14 (35.9) 25 (64.1)
Tachycardia 2 (66.7) 1(33.3) 2 (66.7) 1 (33.3)
Platelet count Low 4 (50.0) 4 (50.0) 4 (50.0) 4 (50.0)
Normal 11 (37.9) 18 (62.1) 11 (37.9) 18 (62.1)
High 1(20.0) 4 (80.0) 1(20.0) 4 (80.0)
Hematuria history ~ Negative 3(33.3) 6 (66.7) 3(33.3) 6 (66.7)
Positive 13 (39.4) 20 (60.6) 13 (39.4) 20 (60.6)

EF=ejection fraction; FS=fractional shortening;;CKD=chronic kidney disease; CHD=congenital heart disease;
RHD=rheumatic heart disease.
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samples; 53.3%) slightly exceeded those with
normal values (7 samples; 46.7%).

In children with SRNS and a normal heart rate,
most had normal EF and FS values (25 samples;
64.1%). However, children with tachycardia
predominantly showed decreased EF and FS
values (2 samples; 66.7%).

Among children with SRNS who had normal
platelet counts or a history of thrombocytosis,
most exhibited normal EF and FS values
(22 samples). However, among those with
thrombocytopenia, EF and FS values were evenly
distributed between decreased and normal
(4 samples each; 50.0%). Similarly, children
with SRNS and a history of hematuria mostly
demonstrated normal EF and FS values (20
samples; 60.6%).

Discussion

This is the first study in Indonesia to evaluate
left ventricular function in children with steroid-
resistant nephrotic syndrome (SRNS) using
ejection fraction (EF) and fractional shortening
(FS). The majority of patients demonstrated
values within the normal range for both EF
and FS, although a notable proportion (38.1%)
showed reduced systolic function. The average
EF and FS were 55.8% and 30.2%, respectively,
with normal reference ranges of 56-78% for EF
and 28-45% for FS.

This aligns with findings from Kamel et
al, who reported that 20% of children with
nephrotic syndrome (NS), including those with
SRNS, exhibited decreased left ventricular
function. The difference in prevalence between
the two studies may be attributed to differences
in the study populations. Kamel et al. primarily
included children with steroid-sensitive
nephrotic syndrome (SSNS), whereas the
present study focused specifically on children
with SRNS. Furthermore, changes in ventricular
function are influenced by several factors,
including the duration of the disease, treatment
regimens, relapse frequency, and response to
steroid and immunosuppressive therapies. It has
also been reported that children with SRNS are
more likely to experience impaired ventricular
function than those with SSNS. Based on these
findings, it can be concluded that while children
with SRNS are at risk for reduced left ventricular
function, this does not necessarily progress to
overt dysfunction.”

Hypercoagulability,
endothelial  dysfunction,

resulting from
proteinuria, and

dyslipidemia, is a significant risk factor for
cardiovascular complications in children with
NS, including SRNS.> Endothelial dysfunction can
contribute to thrombus formation and is itself a
risk factor for cardiovascular complications.'!!®
In this study, most children with SRNS had
normal platelet levels and did not exhibit signs
of hypercoagulability. This may partially explain
why the majority of these children demonstrated
normal left ventricular function. Supporting
this interpretation, most children with normal
platelet counts also had normal EF and FS values.

Hypertension is another recognized risk
factor for ventricular dysfunction in children
with NS. It can lead to diastolic dysfunction of
the left ventricle through mechanisms such
as increased afterload, myocardial fibrosis,
and inflammation.”® Hypertension may also
eventually cause systolic dysfunction; however,
during the early stages, systolic function often
remains preserved, and EF values may stay within
the normal range despite underlying myocardial
deformation.’ In this study, most children with
SRNS and a history of hypertension had EF and
FS values within normal limits, likely due to
effective management of their blood pressure.
Similarly, previous studies have observed that
systolic function, as indicated by EF, is generally
preserved in the early stages of hypertension.'?

Among children with poor nutritional
status, a greater proportion showed reduced
EF and FS values. Malnutrition, particularly in
severely wasted children, is a known risk factor
for decreased ventricular function. Previous
studies have shown that malnourished children
often exhibit diminished cardiac contractility,
especially involving systolic function and the
cardiac conduction system.?’ Additional research
has reported that children with protein-energy
malnutrition (PEM) may develop myocardial
hypertrophy along with both systolic and
diastolic dysfunction of the left ventricle.?!
Significant reductions in EF have also been
documented in this population.?

Importantly, some children in this study
exhibited reduced EF and FS values despite
the absence of identifiable risk factors such as
congenitalheartdisease, rheumaticheartdisease,
chronic kidney disease, or hypertensio. This
finding highlights the inherent cardiovascular
risk associated with SRNS itself. Cardiovascular
complications in SRNS can stem from
endothelial dysfunction caused by proteinuria
and dyslipidemia, thromboembolic events due
to hypercoagulability and thrombocytosis, and
hypertension.>** Reduced ventricular function
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has previously been reported in children
with idiopathic NS,** with an even higher
risk observed in those with SRNS.?> Notably,
children with SRNS have been found to exhibit
thickening of the tunica intima and media of the
carotid arteries, which is a marker of increased
cardiovascular risk.?

Transforming growth factor-beta (TGF-[3)
may also contribute to cardiovascular risk in
SRNS. TGF-f levels are elevated in SRNS and are
associated with vascular and cardiac remodeling,
playing a key role in disease progression toward
CKD or end-stage kidney disease (ESKD).?

This study has several limitations. The data
were collected at a single time point, which limits
the ability to assess changes in cardiac function
over time. A prospective cohort study is needed
to evaluate the long-term impact of SRNS on left
ventricular function. Despite these limitations,
the findings suggest that some children with
SRNS experience left ventricular systolic
dysfunction, even in the absence of known risk
factors.

In conclusion, most of children with SRNS
in the present study (61.9%) exhibited normal
EF and FS values. However, children with
SRNS remain at risk for left ventricular systolic
dysfunction. This concern is underscored by the
finding that 38.1% of participants demonstrated
reduced EF and FS values. Furthermore, a
decrease in EF and FS was observed in a subset
of children despite the absence of identifiable
risk factors or comorbidities, indicating
that ventricular dysfunction may still occur
independently in some cases of SRNS.
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