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Bacltground: h is clinicatly difficuh to assess the intravascular vofume slatus of childron
with edema in nephrotic syndrome. This makes decision-making chatlenging, regarding the
use o{ diuretics or alburnin iniusion in the management of edema, ldea}ly, hormonal assay
and central venous pressure monitoring are accurate but difficult to do as these methods
are invasive and expensive to be applied to evsry child presenting with edema of nephrotic
syndrome. Hence, the need for reliable non-invasive investigations to assess the volume
status of children with edema. Aims and Objectives: The aim of the study was to assess
the volume status of children with edema due to steroid sensitive nephrotic syndrome using
noninvasive methods such as urinary indices (Fractional excretion of sodium {Fe*} and
urine Potasium index {K index)l and inferior venacava diameter (IVCD) by uftrasonography
and to determine the association between them, Materials and Methods: ln this analytical
crsss-sectionat study, 82 subjects fitting the incfusion criteria were included in the study.
Fe*, K index and IVCD were determined. The volume slatus was assessed and association
between the three calculated (Fischer exact test). Results: Otrt of 82 children, 56.1%, 68.3%,
and 63.5% based on FeNa, K index, and IVCD respectively were having hypervolemic volume
status, There is a statistically significant assoeiation between FeNa and K index and between
urinary indices and IVCD. Conclusion: The present study supports the overfill hypothesis
o{ edema fcrmation, I\JCD like urinarrr' indices is a non-invasive and reliable investigation tc
determine volume status in nephrotic chitd with edema.
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lNTR00ucTl0ir

Edema is a key dioical feature of nephrotic syndrome.
It has been suggested that ederna rnay be due to a

combination of both tJre urrderfill and overfill hypotheses,
v,ith the intavascular volume status being hlpovolemic,
hyper.:olemic, or norma-I.l It is flow recommended that
patients q,ith moderate-to-selrre edema be assessed for
inffavascular volume -stAfqs before initiating therapy ,uirh

diuctics. Dctctnination of vcrlumc status is of sign-iEcancc
vrhen it comes to management of the edema. It is clinically
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difficult to assess the intrar.zscular volume status dudng the
edernatous phase of nephrotic syndrome in childrea. This
poses a therapeutic challenge when aking a decision about
the use of diuretics or albumin infusion in the managernent
of edema. Hormonal assay and central .rrefious pressure
monitoring ale more accurate but cannot be applied to
every c}ild presendngwith edema r-rf nephrotic s,vnclrr,rme.2

Hence, the need for reliable investigations to assess the
rrolume sfafus of children urith e.dema, I-Trinary indices
such as fractional cxcretion of sodium ff*N") and urinc
potassium index (I( index) *re quick" simple, and reliable
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tests to evaluate the volume status.2-s Measurement of
inferior ven ca:rla. diameter (IVCD) or inferior venacava
indices by uluasonogtaphy or echocatdiography is dso
an accuratepredictot of the intravascular volume status.i,4
All the three tests, FeNa. K index, and IVCD have been
recommcnded as basic tests to be done ro assess volume
statu$ of children with edema with nephtotic syndrome in
the recent guideline published by the Indiaa Societv Of
Pediatric Nephrology.6

Airns anci objectives
'Ib assess the volume status of childrcn with edema due
to steroid sensitive nephrotic syndrome using noninrasive
methods like urinary indices (Fractional excretion of
sodium €.Nr) and Urine Poasium iodex (l( index)) and
Inferior Yeaacava diameter ([VCD) by ultrasonography
afld to determine the association berween thfm.

MATERIALS A}ID METHODS

L: this alalyical aiitl cross-sccdonal srutl'y; subiec.rs :r,'eie

children age 1-12 years presenting with ederna due to steroid
scnsitir,'c ncphrodc syndrcmg flot ofi stcroids at umc of
pfeserrtadon, at a tertiary care centet in Sou& Iadia- Most of
the chiidrenwere the agegroup 2-7 ye*rs as thatis the tlpical
age group for steroid sensitive nephrotic syn&ome. Children
who wete on treaimenr wirh riiuretics or inuavenous fiuidg
those v'ith secondary nephrotic sprdrome, rxdth features
of glomerulonephritis, those rphose i!'CD could nor be
estimated by ultrasonography due to poor coopetation
from the patieot wete exduded ftorn tfie study flrgure 1).

At significance level of 5o/o,20% as telatjve precisiorg and
porrrer of the study 80'/o, sampie size rvas calculated as 822.

Sarnple size caiculated using the formuia

Serum Creatinine x Udne Sodium=-
Urine Creatinincx Scrum Sodium

Value of <A.zyo was taken as hypovolemic/Yolume
C^n+o^-r-A

Value of >A.zoh was taken as hypervolemic/Volurne
Expanded5

2. Urine Potassium Index (K ind.{
LIrine Potassium

Urine Potassium*Urine Sodium

Value of >0.6 - hypovolemic/Volume Contracted

Value of <0.6 - hlpenolemic/Volume Expandeds

IVC diameter was measured by ultrasonographv by thc
sarne qualified radiologist. The maximum and minimum
diametets of fVC were measured dudng the expiratory and
inspratory phase of the tespiratory cycie, respe.ctiveh. using
M mode ultrasonogtaphy, IVC diameter was measrued ifl
millimeters and compared s,ith ootrnai values for age.'

Ethics cammittee ctrearance
It is approved by the Institutional Ethics Committee of
Amaia Institute of Medicai Sciences afl 20ifr1i20i8 Ref
number AIMSIEC/01 I 2018.

HESULTS

Otrt of the 82 children included in the snrdv. 49 {59.7D/D\
wete males and 33 (403W u,ere females,51, (62.2o/u) wete
between 2 endT years of age,Z5 (30.5Y0) wete having the
fust episodc, v,'hilc 57 (69-5"/, had rclapsc.

Nephrotic syrutom€ $rith edsma
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(2,_-,r)rpe
Samole Size N = 

j---Igl-
--'r- D2

Significance level (crr\ =-S% (1.96)
F= prevalence of Volume expatdetl =54a/o2

Q=l-P
D=Relative precision 2\nlo of P

Subjects wete enrolled bv consecutive sampling. The study
ob'.ained e*rical approval from the Insdt.rdonal E.Jricai
Cornmittce. Investigations relevant to the study were
carried out. Data were entered in Microsoft Excel for
Windows 7 and the analysis done by the Statistical Softwate
D^^I ^,.- C^,- -1-^ C^^:^l C^;---^^- \r-.--:--- a1 ICnCC aa\
raLKirgc lur ulc JULla, JLrtlrLcs vgl,stull LJ \Jr JJ LJt

tT;-^-, :-l:--- ..,^-- ^^t^.,r^+-J ^^ r^lr^---^.vrrlr4l ) tltuLls wLlL LdLw4LLu 45 1uuuw5.

1. Fractional Excretion oi Sodium lTeNa)

N=98

HerBturia, hypertensidl

N=90

lVCDcould not bedone
due to lack of cooperation

N=83

Steroid resistant

N=82

ffi
ffi)x.-.,.-'\a:.. Z-
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Based on FeNa" out of 82 children in the study,3 6 (43.9W
were hypovolemic and 46 (56.fA were hypervolemic. Of
the 36 cases classified as hypovolemic,24were consistent
vith hypor,'olernia on measuring Kindex.,{mong 46 cases

found to have hypenrolemia by FeN4 44were hypen'olemic
when measudng Kindex as vrell.

Based on K index, 26 Q1.7'A cases were hypovolemic while
56 (68.3W cases were hypervolemic. Out of the 26 cases
thar rtere detenniaed to be hlpovolemic by K index, 24
u,ere consistent with being hypovolemic wheo measuring
FeNa. ,{mong 56 cases found to be hvpen'olemic when
measuring K index, 44 were hlpervolemic when measuring
FeNa

Statistical anal,vsis was done using the Fischer exact test
to find out association between the intravascular volume
stafu.s as determined by the two urinary jndises, FeNa and
K index (fable 1). P=0.0001 and is statistically sigoificant.

The iotravascular volume status determined by urinarv
indices was compared to results of volume status obtained
by ultrasound measurernent of fVCD. The fVCD size
denoting hypovolernia was obsen'ed in 30 (36.592r) of the
82 cases, in whom 28 had hypovolemia on using FeNa.
The IVCD size denoting hypen'olemia/normovolemia
was observed in 52 (63.5Vo) of the 82 cases, in s,hom 44
had hypewolemia oo usiog FeNa (fable 2). Similarly of
the 3{J who had hvrrovolemia as determined by IVCe

22had hypovolemia using K index. Of the 52 who had
hypervolemia/normovolemia, 48 had the same volume
status using K index fiable 3).

The association between intrarasc 'lar volume status a^s

determined by FeNa and IVCD and by K index and fVCD
was calculated using the Fischer exact test and P=0.0001
(statistically signifi cant).

Dtscusst0l'l

'fhere is an evidence for both intravascular volume
expansion (overElling/hypervolemia) and intravascular
volume depletion (underlilling/h1po','olemia) in patients
v'rth nephrotic syndrome.q Srudies haye been conducted
to predict the volume status of children u,ith edema in
nqrlrrotic s1:ndtome using urinary indices by Sahayil Van de
$['alle and Donckerwolckee and bylyengat et al.,zAlmostall
of these srudies have recruited patient$ of steroid sensitive
nephrotic syndtome. Steroid resistant nephrotic subgtoup
was snrdied only by Iyengar et al.z In our studv of 82 childrcn,
based on FeNa 46 (56.1W wete hypervolemic. Based on
K index, 56 cases (68.3010) were hyperolemic Majnrity of
the cases were hypen'olemic, far.-oring the overfill dreory of
edema formation. This rouas csmistentrx"idr Biiyiikavo ct al,
study in Tutke,v. Of the 32 children srudied, 24 cases e5VQ
v,ere hlpen'olemic.a In the study by Locham et al., 14 out
r:f 16 childten had K index suggestive of hJpcrvolemia.lo

Hypovolemia l$pervolemla
Hypovolemia
Hyperudemia
Total

24
12

36

26
56
82

2
M
46

0.0001

tlyparclem*r llw6troftfirh
28
I

36

2
14
16

30
52
82

0.000'l

forage Kindex
Hypovohmia Hypervolemia
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Hyporololernia
Normal/hypervolole mia
Total

3U

52
6Z

I
48

22
4
zo

K lndex FeNa Total P vatue (Fischer exact testl

P-valuc (Fisher exact test!

Hypovdemia
NormatftfiTpcrvobmia
Total

IVCE lnfariar vGnlclua dirm.trr

Total P-value {Flrhcr exact tcrt}
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On the othet hand, Donckerwolche et al., in their study in
126 patients with nephrotic syndrome concluded that lor*,

FeNa and high K index identifies patients with increased
aldosterone levels and iodicates functional hypov-olemia. "
Heoce, it did Keenswijk et al., who studied the K ioder as

an iodicator of hlpovolemitin 44 children with oephrotic
sy'ndrome.lz Iyenger et al., found that 507o of steroid
responsive children and 36'h of steroid non-responders had
low K index suggestive of hlperwolemia.2 This may suggest
thet steroid fesistence in nephrotic syndrome may favor
hypovolemia. According to our study, there is a significant
asscriation seen hetween FeNa and K index for determining
volume status in nephrotic syndrome P=0.0001) and this
association has not been descdbed elsewhere.

Echocardiography and uluasound are usefi.rl in &tetmining
intravascular volume stahrs as these techru'ques are oon-
invasirre.ls Studies by Rtiytikavo et al.,a and l)onmez
et al.,lr conduded inferior Venacare indices determined by
echocardiqgraphy to be an easy and teliable method to assess

the intravascularvolume in patients with nephrotic s1'ndrome,
'We 

used ultrasound w*rich is non-invasive, readily available,
and mpid method. In our stud), to determine intravascular
volumg IVCD as measured by USG 1r'as compared v'ith
the normal size expected for the age group for Indian
childtcn.? Out of the 82 children, 52 {63.5%) childrcn
were normo,/hypenrolemic. In the st:dy by Locham et al.,

on echo xssessmenq 17 of the 20 chiidren with nephrotic
spdrome had IVC,/Aorta ratio in nonhypovolemic raoge.li)

In ao obscrratiortal study uodcrtakco by Gupta et a1.,21 out
of 30 children u,ith nephrotic syndrome were classified as

hypervolemic based on fVC collapsibilin' index.r Majorrty
of tlese st':clies support the o'r'erlill or hlpenolenric stete

in children with nephrotic syndrome.

We obtained statistically significant association betn'een
the intravascular volume stetu.s as determined by urinary
indiccs and the IVCD G=0.0001). This association has

not been descnbed eycept in the str-ldy L,,"'Lctcham et al.,

where rwo out of these three childten with IVC/Aorta
in hypor.'olemic range had udnar-v- iodices cDrnrnensurate
with hyp,ovolcnria.1"

The strcngths of our study \ilere that all the invcsrigations
and ,:ltrasound measurernents rrrere performed before
the subjects \rrere started on any medication and that
ultrasound measurements $,ere performed by the same

expert radiokrgist who was blindcd to urinary indices values

and clinical findings of inttavascular volume status, thus
reducing the bias in measurements.

Limitations 0f the study
Limitations of the study were that there is aot
rcscarch rhat wc cuuld rrnd oo iotravascular

assessmeflt using IVCD in nephrotic s1'ndrome children
and its associafion to assessment of volume status usiflg
urinary indices. We chose to use IVCD measurement as

it is less complicated than calcdadng indices and can be
done using portable ultrasouad machines ia pediatric ICU
or emergency departrnent too. Second, we did not take
into account that patents of the childten with relzpsc of
aephrotic slmdrorne miglrt have restricted intake of fluid
and sodium based on their prior experience or advice
given to them. Finally, there is some expeftise necessary
to measure IVCD.

C0]'lCLUSl0]l

Nthough mcchanism tif edema fotmation in nephrt.itic
syndrome cao be multiple, the preseot study supports
the overfill hlpothesis. The present stody concluded
that IVCD, like udnary indices, is a good indicatot of
inrarascular volwne status in edematous patients with
nephrotic syndrome.
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Key Message
What is Knourn
Volurne status can be difficult to assess based on clinical
parameters in oephrotic syndromc, thus rnakiog
decisions diffisuh

lltuf,T nnEG TUE cTllnv innrrt,nt yvlg rrlL utu9r huu

Children with edema due to steroid seositive oephrotic
syndrome ate likely to have hypervolemic intravasculat
status which carr bc asscssed bv infcdor venacava diameter
and urinary- indices.
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