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Abstract
Evaluating the volume status in children with Idiopathic nephrotic syndrome (INS) is mandatory to guide
treatment and avoid unnecessary possibly hazardous albumin use. This study aimed to evaluate and
compare the available tools used for volume status assessment and differentiating type of edema in
children with INS. Sixty children with active INS were included and subdivided into hypovolemic and non-
hypovolemic groups based on fractional excretion of sodium (FeNa%) and clinical assessment. All
patients were studied for Inferior vena cava collapsibility index (IVCCI), plasma atrial natriuretic peptide
(ANP) concentration and Body composition monitor (BCM). Forty-four patients (77.3%) had non-
hypovolemic and 16 (26.7%) had hypovolemic states. Plasma ANP levels didn’t differ between
hypovolemic and non-hypovolemic subgroups. IVCCI was higher in hypovolemic group (p<0.001) with
sensitivity 87.5% and speci�city 81.8% for hypovolemia detection while BCM-over hydration (BCM-OH)
values were higher in non-hypovolemic group (p=0.04) with sensitivity= 68.2% and speci�city =75% for
detection of hypervolemia. FeNa% showed negative signi�cant correlation with IVCCI (r= -0.578, p <0.001)
and positive signi�cant correlation with BCM-OH (r= 0.33, p=0.018), while FeNa% showed non-signi�cant
correlation to plasma ANP concentration (p=0.25).

Conclusion: Non-hypovolemic edema is more frequent in edematous INS children than hypovolemic
states. IVCCI is a reliable non-invasive bedside tool for evaluating volume status in INS children and is
superior to BCM while plasma ANP levels can’t discriminate type of edema in INS. 

Summary:
What is known:

It is critical to differentiate types of edema of NS to design a therapeutic plan for each patient.

There is no bedside gold standard diagnostic modality to differentiate types of edema.

What is new:

IVCCI is a reliable non-invasive bedside tool for evaluating volume status in INS and is superior to
BCM.

Plasma ANP levels can’t discriminate type of edema in INS.

Introduction:
Edema in Idiopathic nephrotic syndrome (INS); may be either hypovolemic or non-hypovolemic [1, 2].
There was a trend to treat edematous INS children with albumin and furosemide, which is appropriate for
hypovolemic patients; however, in non-hypovolemic patients, this can precipitate �uid overload. So, it is
critical to differentiate both types of edema to design an individualized therapeutic plan for each patient
[3]. A signi�cant issue in the consideration of assessing the volume burden in children with INS is the lack
of a rapid bedside gold standard diagnostic modality. Some literatures relied on the presence or absence
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of hypovolemic symptoms and signs [4] or radioactive labeling techniques [5]. Later researches explored
the roles of inferior vena cava collapsibility index (IVCCI) and left atrial diameter (LAD) assessed by
echocardiography (ECHO) [6, 7] and over hydration (OH) value assessed by bioimpedance spectroscopy
(BIS) technique such as body composition monitor (BCM) [8] for volume burden assessment. IVCCI has
strong correlation to central venous pressure so it decreases with increased intra vascular volume and
have been widely used for volume status assessment in hemodialysis and critically ill patients and less
frequently in INS [9–12]. BIS technique is a non-invasive, rapid, easy to use and relatively inexpensive
modality that estimates body �uid distribution in intracellular and extracellular spaces in addition to
nutritional status[13]. It has been extensively used to estimate the volume load in dialysis patients [14, 15]
however, its value INS is little mentioned. [8, 16]

The contributory role of plasma atrial natriuretic peptide (ANP) concentration, as a volume regulatory
hormone, in edema formation in children with NS was widely studied previously [4, 17, 18]. However,
con�icting results of ANP levels and its capability in differentiating type of edema in different children
with INS were reported [18, 19, 20]. This study was carried out to evaluate the volume status in children
with INS differentiated into hypovolemic and non-hypovolemic states by FeNa% and clinical assessment.
We also evaluated the use of IVCCI, BCM and plasma ANP levels to differentiate type of edema in INS
children.

Subjects And Methods:
Patients: This study was carried out at the pediatric nephrology unit at Mansoura University Children's
Hospital over a period of 3 years. During this period 86 children with INS were admitted, 60 were enrolled
in the study and were further classi�ed into hypovolemic and non-hypovolemic groups based on FeNa%
and clinical �ndings. Nephrotic syndrome was de�ned as per the “International Study for Kidney Diseases
in Children” criteria [21]. Active NS, de�ned as the presence of nephrotic range proteinuria [urine
protein/creatinine (UPC) ratio > 2]. Steroid resistant nephrotic syndrome (SRNS), Steroid responsive NS
included: Steroid-dependent nephrotic syndrome (SDNS), Frequent relapsing nephrotic syndrome (FRNS)
and infrequent relapsing NS (IFRNS) were de�ned as per “Kidney Disease Improving Global Outcomes”
Guidelines [22]. Exclusion criteria included: children with congenital or infantile NS, secondary NS,
patients with impaired kidney function or active infection at time of admission and those who refused to
participate in the study. The patient’s body weight, blood pressure, pulse rate, and degree of edema were
assessed on admission day. Hypertension was de�ned as an average systolic blood pressure (SBP)
and/or diastolic blood pressure (DBP) that is greater than or equal to the 95th percentile for sex, age, and
height on three or more occasions [23]. Blood samples were drawn to measure serum albumin, creatinine,
blood urea nitrogen (BUN), serum Sodium, hemoglobin and hematocrit. Urine samples were collected for
urinary protein, creatinine and sodium. The patients’ volume states were evaluated by: 1) fractional
excretion of sodium (FeNa%) that was calculated by following the standard formula: (Urinary Na ×
Plasma Cr) × 100 / (Urinary Cr × Plasma Na). Patients were considered as hypovolemic when FeNa% is
less than 0.2% [3, 24] 2) Clinical assessment. All hypovolemic patients received intravenous (IV) albumin
(20 %) at a dose of 0.5 g/kg twice daily over 2–3 hours followed by IV furosemide at 1 mg/kg per dose
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near the end of albumin infusion. The non-hypovolemic group received IV furosemide at 1 mg/kg per
dose (maximum 40 mg) twice daily, and oral amiloride hydrochloride tablets at a dose of 0.5 mg/kg/day
once daily, maximum of 20 mg/day).

Inferior Vena Cava Collapsibility Index (IVCCI) measurement: Ultrasonographic examinations were carried
out by a single investigator, pediatrician who had 7 -year-experience in ultrasonography using a portable
doppler ultrasonography (Micromax, Sonosite; USA, 2008) with a 5 to 1 MHz curvilinear transducer array.
Inferior vena cava (IVC) diameter was measured in supine position during expiration and inspiration. The
inspiratory and expiratory diameters of the IVC were measured at real time; 2 cm from its entrance into
the atrium. The measurements were repeated for 3 times and the average was calculated. The IVC
collapsibility index (IVCCI) was calculated by the following formula: [(maximal diameter of IVC on
expiration – minimal diameter on inspiration)/(maximal diameter on expiration)] × 100 [6]. This
assessment was done on admission day.

Body composition monitoring-overhydration (BCM-OH): On admission; total body bioelectrical impedance
measurements were carried out by a single investigator via body composition monitoring (BCM) device
(BCM, Fresenius Medical Care D GmbH, Germany). Two electrodes were placed one to the patient's hand
and the other to the foot on the same side [13]. The electrodes were then connected to the device using a
cable.

Plasma Atrial Natriuretic Peptide (ANP) concentration: Plasma ANP concentration was measured by the
use of Enzyme-Linked Immunosorbent Assay (ELISA) technique via sandwich immunometric assays kits
(Sunred biological Technology Co., Shanghai) for in vitro quantitative measurement of ANP
concentrations in plasma. The assessment was done at the same time of IVCCI and BCM measurements.

Statistical analysis

The patients’ data are presented as numbers (percentage), means and standard deviation or medians
with interquartile range. The patients’ groups were compared using Student’s t, Mann–Whitney, chi-
square, and Fisher’s exact tests. The patients were divided according to FeNa% and compared using
Student’s t, Mann–Whitney, chi-square, and Fisher’s exact tests. Correlations between tools used were
evaluated by Spearman’s correlation for non-parametric data and Pearson correlation for parametric data.
A cut-off value with receiver operator characteristic (ROC) curves, sensitivity and speci�city were done to
evaluate the tools used in edema assessment. A p-value of less than 0.05 was considered signi�cant.
The statistical analysis was done by IBM® SPSS® Statistics SPSS (statistical package for social
sciences) version 25.

Results:
Based on FeNa%, the patients were divided into non-hypovolemic group (44 patients) (FeNa% >0.2) while
16 patients were classi�ed as hypovolemic (FeNa% < 0.2). The detailed clinical, laboratory and volume
status assessment variables for both groups are presented and compared in Table 1. Plasma ANP levels
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did not show any signi�cant differences between hypovolemic and non-hypovolemic groups (p > 0.05 for
all). At day 30 of admission, out of the 60 patients with edema involved in the study, 4 patients did not
respond to treatment and required combined albumin infusion + furosemide infusion combined with oral
diuretics with no response in 2 of them who required daily ultra�ltration.
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Table 1
Clinical and laboratory data of Hypovolemic vs non-hypovolemic patients with active INS at time of initial

enrolment in the study and after resolution of edema:

  Hypovolemic patients
(n = 16)

Non-hypovolemic
patients (n = 44)

P

Age at diagnosis (years)

Age at enrolment (years)

Duration of illness (month)

Sex male/female

Type of NS:

First attack

SDNS

FRNS

SRNS

3.08 ± 1.3

6.2 ± 2.5

39.3 ± 27.4

8/8

 

2

0

2

12

3.8 ± 2.01

6.5 ± 2.9

33.25 ± 28.4

38/6

 

30

4

2

8

0.2

0.76

0.46

0.003

 

< 
0.001

Outcome of edema: resolved

Non-resolved

Percentage of weight reduction at end
of treatment (%)

13

3

16.9 ± 11.3

43

1

11.1 ± 7.04

0.024

 

0.02

SBP (mmHg): (at time of enrollment)

DBP (mmHg): (at time of enrollment)

Heart rate (/m): (at time of
enrollment)

105.3 ± 10.5

71.6 ± 14.2

94.2 ± 10.5

111.4 ± 12.2

71.05 ± 12.2

89.8 ± 9.7

0.04

0.88

0.13

NS: nephrotic syndrome, SD: standard deviation, GFR: glomerular �ltration rate, U pr/cr: urinary
protein to creatinine ration, FRNS: frequent relapsing nephrotic syndrome, SDNS: steroid dependent
nephrotic syndrome, IFRNS: infrequent relapsing nephrotic syndrome, SRNS: steroid resistant
nephrotic syndrome, FeNa%: fractional excretion of sodium, IVCCI: inferior vena cava collapsibility
index, ANP: atrial natriuretic peptide, BCM: body composition monitor, OH: over hydration, SBP:
systolic blood pressure, BBP: diastolic blood pressure. * presented as median and interquartile range.
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  Hypovolemic patients
(n = 16)

Non-hypovolemic
patients (n = 44)

P

Serum albumin (g/dl)

Serum creatinine (mg/dl)

Serum Na (mEq/L)

BUN (mg/dl)

FeNa(%):

ANP (ng/ml):

Hemoglobin (g/dl):

Hematocrit (%):

1.95 ± 0.48

0.46 ± 0.14

131.4 ± 5.6

19.4 ± 3.3

0.16 ± 0.12

132.97 ± 59.2

13.1 ± 1.3

43.8 ± 3.3

1.7 ± 0.26

0.58 ± 0.2

137.3 ± 5.4

16.2 ± 4.1

1.59 ± 0.67

127.9 ± 51.7

11.1 ± 12

37.8 ± 7.9

0.04

0.024

0.001

0.007

< 
0.001

0.7

< 
0.001

0.005

IVCCI: on admission

BCM-OH:

48.97 ± 10.2

1.5(1.95)*

30.37 ± 10.98

2.2(1.9)*

< 
0.001

0.01

NS: nephrotic syndrome, SD: standard deviation, GFR: glomerular �ltration rate, U pr/cr: urinary
protein to creatinine ration, FRNS: frequent relapsing nephrotic syndrome, SDNS: steroid dependent
nephrotic syndrome, IFRNS: infrequent relapsing nephrotic syndrome, SRNS: steroid resistant
nephrotic syndrome, FeNa%: fractional excretion of sodium, IVCCI: inferior vena cava collapsibility
index, ANP: atrial natriuretic peptide, BCM: body composition monitor, OH: over hydration, SBP:
systolic blood pressure, BBP: diastolic blood pressure. * presented as median and interquartile range.

 

To evaluate the use of IVCCI, ANP levels and BCM-OH values as tools for evaluating volume status and
differentiating edema type versus FeNa%, FeNa% showed negative signi�cant correlation with IVCCI (r=
-0.578, p < 0.001) (Fig. 1A) and positive signi�cant correlation with BCM-OH (r = 0.33, p = 0.018) (Fig. 1B),
while FeNa% showed non-signi�cant correlation to plasma ANP level (p = 0.25). Also, IVCCI and BCM-OH
showed negative signi�cant correlation (Fig. 1C) suggesting the consistency of the 2 proposed tools for
volume status evaluation. To assess the cutoff value of IVCCI, BCM-OH and plasma ANP concentration
that discriminate the volume states in children with active NS, ROC curves for IVCCI, BCM-OH and serum
ANP was plotted against volume state (Fig. 2) and showed a cutoff point of 37.5 ,sensitivity = 87.5% &
Speci�city = 81.8% for hypovolemia detection with an area under the curve (AUC) of 0.878 for IVCCI and
for BCM-OH, a cutoff point of 1.55 for detection of hypervolemia (sensitivity = 68.2% and speci�city = 
75%) and AUC of 0.719. While area under the curve for hypovolemia detection for both BCM-OH and ANP
were non-discriminative (AUC = 0.28 and 0.51 respectively).

Discussion:
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Generalized edema is the main cause of hospitalization of children with INS and if not treated wisely may
lead to death. In this study, we investigated different tools used for discrimination of the type of edema;
we studied IVCCI, BCM and plasma ANP concentration. The 60 INS patients were divided into two groups
as hypovolemic and non-hypovolemic according to the above-mentioned clinical and laboratory criteria.
Kapur et al. [3] de�ned the hypovolemic patients who had FeNa% of < 1%. However, in phase 2 of their
study, the FeNa% criterion for the volume status was modi�ed and patients with FeNa% of < 0.2% were
identi�ed with volume contraction which we have applied in addition to clinical assessment to
differentiate edema types. In the current work,73.3% of the studied patients were non-hypovolemic; the
same observation was noted by Buyukavci and colleagues [7] who reported that 75% of their patients
were non-hypovolemic and another study also in 2015, by Ozdemir et al; with 65% of the studied patients
reported to be non-hypovolemic [8]. There are multiple limitations of the use of urinary indices in edema
status evaluation in INS including: use of diuretics or angiotensin-converting enzyme inhibitors (ACEIs) or
angiotensin receptor blockers (ARBs) and dietary salt intake [24]. This is why the search is continuous for
other simple accurate tools for evaluation of volume status, directing and monitoring the treatment of
edema in INS patients.

Based on clinical assessment along with the FeNa%, non-hypovolemic patients were treated with
diuretics only and hypovolemic patients received albumin and furosemide. Applying this treatment
strategy yielded 93.3% (56 patients) success rate while edema did not resolve in only 4 patients. Similar
results have been reported by Kapur and colleagues who reported the safety of the use of diuretics only in
treating NS children with non-hypovolemic states [3] avoiding unnecessary possible hazardous use of
albumin.

Bioimpedance has been long applied to evaluate body composition and hydration status in both
hemodialysis and peritoneal dialysis patients. Studies demonstrated that strict BCM guided �uid
management led to better blood pressure control, a decrease in arterial stiffness, a reduction of
intradialytic symptoms and a better survival [14, 15] however, its value in evaluation of edema in INS was
evaluated only in limited studies [8, 16]. Brantlov and colleagues reported the valuable use of BCM to
distinguish children with active NS from well-treated and healthy children [25] and also Ozdemir et al; [8]
reported signi�cant differences in volume load assessment by BCM between INS children with localized
versus those with generalized edema. Other researchers also reported the total body water assessed by
BIS to be much higher in edematous versus non-edematous INS children [26, 27]. However, BCM showed
moderate sensitivity and speci�city for detecting hypervolemia, and was non-discriminative for
hypovolemia. Ozdemir and colleagues compared bioimpedance results between the controls and the NS
patients and concluded that this method has a sensitivity of 65% and a speci�city of 90% but when
comparing patients with generalized and localized edema that bioimpedance had a sensitivity of 83%
and a speci�city of 80% regarding the presence and severity of volume overload [8]. So, BCM can detect
presence and severity of volume load but can’t determine site of extra �uids is placed interstitial or
intravascular and consequently can be used to monitor response to edema treatment however, its role in
differentiating edema type is limited.
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In the present study, it was observed that IVCCI was signi�cantly higher in hypovolemic children with
active NS than in non-hypovolemic subgroup. Previous studies had searched for the usefulness of IVCCI
in volume burden detection in INS and con�icting results were observed. In accordance with our results;
Tabel and colleagues studied 18 children diagnosed as MCD and followed up the non-hypovolemic
children for 5–7 days till edema resolved, he observed IVCCI values were signi�cantly increased with
diuretic therapy, patients changed from hypervolemia to euvolemic state [28]. Donmez et al; [6] studied
the value of IVCCI, to determine the volume load in children with minimal lesion nephrotic syndrome and
noted that IVCCI in nephrotic edematous patients was less than nephrotic non-edematous group and
healthy control group, indicating hypervolemic state in edematous patients. On the other hand, In 2015,
Buyukavci and his coworkers [7] studied SSNS children versus healthy control; IVCCI didn’t differ among
both groups. Furthermore, IVCCI was not signi�cantly different between hypovolemic and non-
hypovolemic subgroups within the active NS group. Another study by Gurgoze et al., [9] studied NS
subgroups (relapse-edematous, relapse-edema free and remission), were compared. They found non-
signi�cant difference between groups as regard to IVCCI. To assess the discriminative value of IVCCI as
indicator of volume status in active NS, ROC curve was plotted and showed a cutoff point 37.5, with an
AUC of 0.88 i.e. very good discriminator and more than this point refers to hypovolemic state and less
indicates non-hypovolemia, with sensitivity = 75% & Speci�city = 86%. However, Ozdemir et al; [8]
concluded that using the IVCCI to determine volume load, the sensitivity was 95% and the speci�city was
10% using a 50% level as discriminating between hypovolemic and non-hypovolemic states and that BIS
may be superior to IVCCI in determining volume load in children with INS which is also against our
results.

To assess the role of possible role of plasma ANP concentration in differentiating edema type, despite
being higher in both groups before edema resolution, this elevation did not reach signi�cant difference
between hypovolemic and non-hypovolemic groups. This indicates that ANP plays a role in edema
formation in active NS but not in the speci�c type of edema and there is some sort of renal resistance to
ANP diuretic and natriuretic actions. In NS, resistance to serum ANP is an observation in experimental
animals and humans [29, 30], these studies showed that ANP levels were frequently elevated in INS
children than in healthy or remission children. Moreover, Cataliotti et al., observed increased plasma ANP
concentration that frequently correlated with the edema severity [31]. Increased plasma ANP
concentration may be a compensatory mechanism to induce diuresis and natriuresis. The ANP-
dependent natriuresis is blunted, re�ecting a dampening of ANP-dependent signaling mechanism, and
resulting in failure of ANP to correct extracellular volume burden in nephrotic patients [32].

Nalcacioglu et al; reported that serum N-terminal pro-brain natriuretic peptide (NT-proBNP) values were
statistically higher in active NS compared to remission and control [33] but they also reported no
correlation between BIS and NT-proBNP in patients group that was explained as variation of the relation
between NT-proBNP and hydration status which may be explained by down regulation of natriuretic
peptide receptors leading to renal unresponsiveness and that no hypovolemia reported in their studied
group supported by the high extracellular water without any change in intracellular water. A summary of
the characteristics and results of the previous studies exploring methods of evaluation of edema in INS
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children are presented in Table 2. Concerning plasma ANP, it was noted that ANP concentrations were
higher in hypovolemic group than in non-hypovolemic; however, this difference did not reach statistical
signi�cance. When discussing the role of ANP in �uid distribution in intravascular or the interstitial space,
we rely on the direct effect of ANP on systemic vascular system rather than the renal receptor
mechanism. ANP affect the endothelial cells of systemic capillaries directly to modulate transcapillary
�uid shift out of the blood vessels into the interstitial space and hence induce hypovolemia [34, 35].
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Table 2
Summary of Characteristics and main �ndings of current study and previous studies assessing volume

status in children with INS
First author
/[reference]

Year country Number
of
patients

Assessment
tools

Outcome

El-Halaby et
al; [current]

2021 Egypt 60 active
NS

40 NS in
remission

FeNa%

IVCCI

BCM-OH

ANP

Non-hypovolemic state is more
common in active NS children.

IVCCI is simple, sensitive and
speci�c tool to differentiate active
NS from NS in remission and also
to detect edema type in NS.

Brantlov et
al; [25]

2019 Denmark 8 active
NS

5 NS in
remission

38
healthy
control

BIS
measurement

BIS can distinguish children with
active NS from well-treated and
healthy children

Nalcacioglu
et al; [33]

2018 Turkey 19 Active
NS

25
healthy
control

NT-proBNP

BIA

FeNa%

Renin,
aldosterone

IVCI, LAD

Renin, aldosterone, ECHO �nding
did not differ between both groups
while NT-proBNP showed
signi�cant difference.

Buyukavci
et al; [7]

2015 Turkey 32 SSNS

30
healthy
control

FeNa%

IVCCI, LAD,
AD, LVMI.

Most of children with SSNS are
non-hypovolemic and ECHO is
reliable for evaluation of volume
status.

Ozdemir et
al; [8]

2015 Turkey 34 active
NS

20
healthy
control

IVCI

IVCCI

BCM

BIS may be superior to
echocardiography in determining
volume load in children with NS

INS: idiopathic nephrotic syndrome, BIS: bioimpedance spectroscopy, ANP: atrial natriuretic peptide,
FeNa: fractional excretion of sodium, IVCI: inferior vena cava index, LAD: left atrial diameter, BCM-OH:
body composition monitor-over hydration, MCD: minimal lesion nephrotic syndrome, ADH: antidiuretic
hormone, AD: aortic diameter NT-proBNP: n-terminal pro brain natriuretic peptide, ECHO:
Echocardiogram, SSNS: steroid sensitive nephrotic syndrome.
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First author
/[reference]

Year country Number
of
patients

Assessment
tools

Outcome

Kapur et al;
[3]

2009 USA 16 severe
oedema

FeNa%

Renin,
aldosterone,
ADH

FeNa% is useful in distinguishing
hypovolemic versus non-
hypovolemic NS children with
severe edema. The use of diuretics
alone in non-hypovolemic patients
is safe and effective.

Dönmez et
al; [6]

2001 Turkey 12 MCD FeNa%, ANP,
renin,
aldosterone,
IVCI, IVCCI,
LAD

IVCI, IVCCI, and LAD and reliable
methods for assessing the
intravascular volume in patients
with MCD.

INS: idiopathic nephrotic syndrome, BIS: bioimpedance spectroscopy, ANP: atrial natriuretic peptide,
FeNa: fractional excretion of sodium, IVCI: inferior vena cava index, LAD: left atrial diameter, BCM-OH:
body composition monitor-over hydration, MCD: minimal lesion nephrotic syndrome, ADH: antidiuretic
hormone, AD: aortic diameter NT-proBNP: n-terminal pro brain natriuretic peptide, ECHO:
Echocardiogram, SSNS: steroid sensitive nephrotic syndrome.

 

Limitations of the current work lie in the facts that it is a single center study, did not assess plasma renin
activity and aldosterone levels and the need for larger patient numbers with serial application of the
studied tools during the course of edema to con�rm these preliminary �ndings.

Conclusion:
Assessment of hydration status in INS children is critical for management of edema. IVCCI is a sensitive
and speci�c tool for discriminating types of edema in NS superior to BCM while serum ANP levels don’t
seem to be differentiating for the type of edema in INS. Further studies with larger number of subjects are
required to con�rm these �ndings.

Abbreviations:
ACEIs: Angiotensin-converting enzyme inhibitors

AD: Aortic diameter.

ADH: Antidiuretic hormone.

ANP: atrial natriuretic peptide

ARBs: angiotensin receptor blockers

AUC: Area under the curve.
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BCM: Body composition monitor.

BIS: bioimpedance spectroscopy

BUN: Blood urea nitrogen

Cr: creatinine.

DBP: Diastolic blood pressure.

ECHO: Echocardiography

ELISA: Enzyme-Linked Immunosorbent Assay

FENa%: fractional excretion of sodium.

FRNS: frequent relapsing nephrotic syndrome.

IFRNS: infrequent relapsing NS

INS: Idiopathic nephrotic syndrome.

IVC: Inferior vena cava

IVCCI: inferior vena cava collapsibility index

LAD: left atrial diameter.

MCD: Minimal change disease.

OH: Over hydration.

ROC: Receiver operator characteristic

SBP: Systolic blood pressure

SDNS: Steroid dependent nephrotic syndrome

SPSS: Statistical package for social sciences

SRNS: Steroid resistant nephrotic syndrome

UPC: Urinary protein/ creatinine.
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Figure 1

Correlation of A) FeNa% and IVCC, B) FeNa% and BCM-OH and C) IVCCI and BCM-OH.
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Figure 2

Receiver operating characteristic (ROC) curve to: A) inferior vena cava collapsibility index (IVCCI), B) BCM-
OH, C) ANP to discriminate volume states in children with active INS.


