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Nephrotic syndrome is a recurrent or chronic
disorder characterized by heavy proteinuria,
hypoalbuminemia and edema. In most patients, the
edema can be managed satisfactorily with judicious
oral administration of loop diuretics, most often
frusemide. The treatment of patients with intractable
edema is more difficult and comprises a series of
measures including salt restriction, treatment with
intravenous frusemide, additional use of thiazide and
potassium sparing diuretics, and intravenous
albumin. Ultrafiltration and head out water
immersion are beneficial for treatment of patients
with edema, which is unresponsive to the above
measures.
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Nephrotic syndrome, characterized by
heavy proteinuriaand hypoal buminemia, isan
important chronic disorder in children. Edema
isthe chief clinical manifestation, which may
vary from mild periorbital puffiness to
anasarca. In most patients, the edemais mild
and transient, and resolves following therapy
with  corticosteroids  (steroid  sensitive
nephrotic syndrome) alone. The management
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of edema is, however, cumbersome in those
with severe relapses and in those with
resistance to corticosteroid therapy. Treat-
ment with diuretics is indicated in patients
with significant edema or symptomatic fluid
overload. Intravenous infusions of abumin
may be required in certain situations.
Current concepts on the pathogenesis and
management of edema are reviewed in this
article.

Pathophysiology of For mation of Edema

Fluid movement across capillaries is
normally the result of a balance between
filtration and reabsorption due to changes in
capillary and tissue hydrostatic and oncotic
pressures. Any disturbance in this balance,
favoring increased filtration and/or decreased
reabsorption resultsin edema.

While the pathogenesis of edema in
nephrotic syndromeis not well understood, it
is usualy attributed to an expansion of the
interstitial  compartment  secondary  to
increased fluid transfer across capillary walls,
or accumulation of sodium secondary to an
intrarenal defect. Major sites involved in
edema formation are (i) capillaries - where
there is disruption of Starling equilibria, and
(ii) the kidney - where there is primary salt
retention. According to the classical view,
vascular underfill is responsible for the
formation of edema(1,2). Proteinuria results
in hypoalbuminemia and lowers plasma
oncotic pressure. This alters Starling forces,
determining the distribution of fluid between
plasma and interstitium, and results in an
increase in interstitial fluid and edema. The
resultant hypovolemia activates the renin-
angiotensin-aldosterone axis, the sympathetic
nervous system and vasopressin secretion

VOLUME 4l—AucusT 17, 2004



PERSONAL PRACTI CE

leading to renal salt and water retention,
which further aggravates the edema.
However, a norma plasma volume, and
normal blood levels of renin and aldosterone
in some patients with nephrotic syndrome
does not support thismechanism(3,4).

According to the overfill hypothesis a
primary intrarenal defect in sodium handling
isresponsible for the occurrence of edema(5).
This results in decreased filtration per
nephron, increased tubular reabsorption, and
decreased sensitivity to atrial natriuretic
peptide, leading to fluid retention. Studies in
animals with experimentally induced
nephrotic syndrome, suggest that stimulation
of tubular sodium reabsorption occurs in the
collecting duct(6). Resistance to the action of
atrial natriuretic peptide, due to enhanced
activity of cyclic-GM P phosphodiesterase and
increased activity of Na*-K* ATPase might
contribute to increased tubular sodium
resorption. Finaly, the human body is
equipped with defense mechanisms that limit
excessive capillary fluid filtration. These
mechanisms include increased interstitial
hydrostatic pressure and Ilymph flow,
decreased interstitial oncotic pressure and
reduced permeability of the capillaries to
proteins. Edema results when these adaptive
mechanisms are inadequate(7). It is suggested
that while vascular underfill isresponsible for
most cases of edema in minimal change
disease, other mechanisms might beimportant
in patients with non-minimal disease.

There is increasing evidence that
hypoalbuminemia and the inability of the
renal distal tubule to excrete sodium are not
the only factorsresponsiblefor the occurrence
of edema. Increased vascular capillary
permeability, related to the rel ease of vascular
permeability factor and other cytokines, may
also play an important role in the patho-
physiology of nephrotic edema(8).
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Management of Edema

Therapy for edemaisnecessary sincefluid
retention predisposes to infections and
can exacerbate preexisting hypertension.
Anasarca with ascites and pleural effusions
may cause respiratory embarrassment. Edema
of intestinal walls may result in diarrhea.
Children with edema have restricted activity
and low self-esteem.

Assessment of Fluid Status

Determination of fluid status is important
in the initial evaluation. Assessment of
intravascular volume is achieved by clinical
and biochemical features, and radiological
investigations. Hypovolemia is characterized
by tachycardia, low normal or low blood
pressure, features of dehydration and el evated
blood levels of urea disproportionate to
creatinine. Measurement of urinary con-
centration and fractional excretion of sodium
(FENa) assist inthe evaluation of fluid status.

The normal urinary sodium concentration
varies between 30-40 mEg/L ; valuesbelow 20
mEQg/L indicate sodium-conserving states,
e.g., hypovolemia, dehydration and pre-renal
ARF. FENa (percent), the ratio of sodium
excreted to that filtered by therenal tubules, is
below 1% in sodium retaining conditions.

FENa% _(urinary Na*) x (serum creatinine) x 100
" (serumNa*) % (urinary creatinine)

The ratio of urinary concentrations of K*
to the sum of K* and Na" (urinary K*/ K* +
Na*) is also a satisfactory index of activation
of the renin-angiotensin-aldosterone axis(9).
A ratio of more than 0.6 or 60% suggests
activation of the axis and renal potassium
wasting. Patients with nephrotic syndrome
and hypovolemia typically show low FENa
(often below 0.2%) and high urinary K*/K* +
Na* (ratio greater than 60%)(9). Such patients
should not receive oral or intravenous
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diuretics, before correction of their
intravascular volume with either crystalloids
or colloids. Patients with edema and no
clinical or laboratory features of hypovolemia
(normal levels of blood urea, FENa >1% and
urinary K*/ K* + Na" <60%) can safely be
treated with potent diuretics. It is however
important to understand sodium wasting due
to prior therapy with diuretics often limits the
practical utility of theseindices.

A number of radiological investigations
are proposed to be useful for assessing fluid
status in patients with nephrotic syndrome.
Determination of the diameters of left atrium
and inferior vena cava and their change with
respiration, on ultrasonography, may provide
an accurate assessment of intravascular
volume(10). The precise role of these
measurements in the management of patients
ishowever not defined.

In steroid responsive nephrotic syndrome,
treatment with daily corticosteroids usually
leads to diuresis within 7-10 days. Treatment
for minimal periorbital puffiness or pedal
edema is therefore not required. Patients
showing moderate to severe edema need
specific treatment for its control (Table I).
Most such patients show reduction of edema
with modest restriction of sodium intake and
oral administration of frusemide. Aggressive
therapy for edemaisrequired in lessthan 10%
patients.

Sodium Restriction

The recommended dietary allowance for
calories and protein, appropriate for that age,

TABLE | —Masures for Grtro of Eena

Detary sod umrestriction
Ahnistraiond duetics

I ntravenous a bunhn i nf usi on
Utrdiltraim

Head-out water i nmersi on
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should be ensured. No restriction on intake of
salt and water is necessary in most subjects.
Patients with edema should consume
unprocessed foods like vegetables, fruit, fish,
chicken and meat, all of which contain small
amounts of salt. Use of table salt and items
with high sodium content should be avoided.
Sodium content of some common foods is
listedin Tablell. Thereplacement of common
salt by low sodium salts (e.g., LONA) is not
recommended.

Strict salt restriction, limiting sodium
intake to 1-2 mEg/kg/day is necessary only in
subjectswith refractory edema (see below).

Diuretic Therapy

Diuretics, the standard therapy for edema,
act by increasing urinary sodium excretion.
Based on their site of action on the renal
tubulethey areclassified ashighly potent loop
diuretics, moderately efficacious thiazide
diuretics, potassium sparing diuretics, osmotic
agents like mannitol and carbonic anhydrase
inhibitors (Fig. 1).

Factorsaffecting responseto diuretics

(a) Potency of diureticsis chiefly determined
by itssite of actionin the nephron (Fig. 1).
Most filtered sodium is reabsorbed in the
proximal tubule (55-60%) and loop of
Henle (25-30%). However, the efficacy
of proximally acting diuretics (e.g.,
acetazolamide) is offset by compensatory
increased distal resorption of sodium and
water in the ascending limb of Henle.
Loop diuretics, on the other hand, can
increase FENato 30%, thiazidesto 5-10%
and potassium sparing diureticsto 2-3%.

(b) Dose response curve defines the intrinsic
potency of a diuretic and is generally
sigmoid shaped. While administering loop
diuretics, itisimportant to ensurethat each
dose reaches the steep part of the dose
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TABLE | | —-Sodi um@ntent of Qonmon Foods

Hgh
(nore than 10 niy 100 g)

Mbder at e
(5-10 niy 100 @)

Low
(l'ess than 5 nity 100 g)

Bead, cornflakes, processed cheese, salices.
Stedfook: huter, praodips, hiscts,
Nits, popcorn, peped, pick es.

Freserved foods: camned, tinned vegetall es,
soups, sdted neat adfish

Qrrflowr, catned, greenleafy ad
roct vegrtdd es, driedfruts, mtton
Whd e nil k, cream ice-cream

Wikeat flour,

sap rice s,
Fruts frut-juoss

1 nig of Na* =23 ng Na* or 58.3 ng conmon sal t.

response curve before the dose frequency
is adjusted. For example, a patient who
does not respond to 20 mg of frusemide
may not be attaining adequate tissue
levels. Thesingle dose should beincreased
to 40-60 mg rather than giving the same
doses twice a day. Using diuretics in two
or three daily dosesisrational only if each
dose exceedsthe diuretic threshol d.

(c) Bioavailahility varies widely between

different loop diuretics (50% for
frusemide, 80% for torasemide, 90% for
bumetanide)(11). Limited bioavailability

Site D

Site A:Frusemide
Bumetanide

Site B:Thiazide
lMetolazone

Site C:Spironolactone
Amiloride

Site D:Mannitol

BECG2

Loop of
Henle

can usualy be overcome by appropriate
dosing.

(d) Drug delivery to its active site is also an

important factor. Most diuretics act on the
luminal surface of the rena tubule,
reaching the tubular lumen by an organic
anion secretory pathway in proximal
tubules. Loop diuretics are highly bound
to proteins, which limit them to the
vascular space. Marked hypoalbuminemia
thusresultsin entry of the diuretic into the
interstitial space and thereby slower
secretion into the tubules. Renal failure

Proximal tubule

iteB

—Site ¢
ENaC|

Na+_~

=

Site &

Fig. 1. Steof action of diuretics
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results in impaired diuretic excretion, in
part because of retention of organic anions
(e.g., hippurate) that competefor secretion
by the anion secretory pump. Finally, free
drug that is secreted into tubular lumen
may be bound to filtered intratubular
albumin, rendering the former inactive. In
experimental models, nephrotic range
albuminuria is found to diminish the
response to intraluminal frusemide by as
much as 50%(12).

M edicationsand Strategy

Severa  therapeutic  strategies are
employed depending on the severity of
edema. When starting therapy, it isimportant
toestablishagoal, usually aweight loss of 1%
body weight daily. While frusemide is used
most commonly, additional therapy with a
thiazide diuretic is indicated in certain
instances. Potassium sparing diuretics, most
often spironolactone, are administered chiefly
to prevent diuretic-induced hypokalemia.

Loop diureticss The site of action of
frusemide, bumetanide and torasemide is at
the thick ascending loop of Henle, where they
inhibit the action of the NKCC2 cotransporter
(Fig. 1), resulting in sodium, potassium and

chloride wasting with diuresis. Frusemide is
available for both ora and parenteral
administration. Its onset of action is rapid,
usually within 30 minutes after oral and 5
minutes after intravenous administration. Oral
administration resultsin peak diuresis at 2 hr,
with duration of action of 6-8 hr.

The dosage can be increased until
maximum recommended doses are reached
(Table I11). Ora dosing is preferred due to
more sustained diuresis. Oral frusemide
absorption isslower than its clearance leading
to ‘absorption-limited’ kinetics. Effective
frusemide concentrations in the blood, there-
fore, persist longer when the drug is given by
mouth, because of the reservoir in gastro-
intestinal tract.

Intravenous administration of frusemide,
either as bolus or infusion, is preferred in
patients with intractable edema and/or
reduced glomerular filtration rate. Intravenous
boluses are given slowly over 10-15 minutes
(not exceeding a rate of 4 mg/min) to
minimize the risk of ototoxicity and auto-
nomic symptoms like weakness, dizziness,
nausea and vomiting. Intravenous bolus
therapy is however, associated with periods

TABLE | | | —[msage of Duretics

Drugs Dosage

Fr usenide PO 2-4 ng kg/ dose 8-12 hr; naxi num8 ngy kg/ day
IV, 1-2 ng kg/ dose 8-12 hr; naxi num3 ngy kg/ dose
IVirfusion Intid bdws 1-2nykg theninfuse a
0.1-1 ng/ kg per hr

Met ol azone* 0.1-0.2 ng/ kg/ dose every 12-24 hr

Hydr ochl ort hi azi de** 2-4 ng kg/ day every 12-24 hr

Soi ronadl act one 2-3ng kg day insing e dose

Bunet ani de 0.02-0.04 ny kg/ day 12-24 hr

*  Mtenix (Borg, Zydus Gdila) 5 ng.

**  Bsidrex (Novartis) 50 ng; Aguazi de (Sun Fharna) 25 ng; B duret-L (Gaxo) 25 ng wth anil ori de 2.5 ng.
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of both supramaximal and submaximal
excretion, resulting in part of the medication
being secreted ineffectively into renal tubules.

Continuous infusions of frusemide are
safer and more effective than intravenous
bolus injections in subjects with refractory
edema. A continuous infusion maintains a
constant rate of drug secretion into the renal
tubules. The chief indication for its use isin
hospitalized patients with marked edemawho
show a diuretic response to an intravenous
bolus, which is not sustained. Patients who
show no response, to intravenous bolus are
unlikely to respond to an infusion since the
former achieves higher plasma frusemide
levels. After an initial bolus of 1-2 mg/kg,
frusemide infusion is started at 0.1 mg/kg per
hr and can beincreased to 1 mg/kg per hr.

The risks associated with high doses of
intravenous frusemide, especially hypo-
volemia and dyselectrolytemia should be
weighed against alternative strategies such as
addition of a thiazide diuretic or infusion of
albumin.

Thiazides. Chlorthiazide, hydrochlorthiazide
and metolazone act at the distal convoluted
tubule where they block the NCCT
cotransporter (Fig. 1). Metolazone also hasan
effect on the proximal tubule, and hence is
more potent than other thiazides. The onset of
action is within one hr, peaks in 4-6 hr and
lastsfor 12 hr.

Potassium sparing diuretics. Spironolactone,
triamterene and amiloride block aldosterone
induced stimulation of protein synthesis
necessary for sodium reabsorption and
potassium secretion. These medications are
administered orally and have a delayed onset
of action, often aslong as 3-4 days.

Other diuretics. Mannitol, an osmotic agent
can also produce diuresis but the effect is
transient. Carbonic anhydrase inhibitors
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(acetazolamide) have mild diuretic action and
areineffective for management of edema.

Complications

Physicians should be aware of complica-
tions of diuretic therapy including volume
depletion, azotemia, hyponatremia, hypo-
kalemia and metabolic alkalosis. Prolonged
treatment with thiazide diuretics may result in
hyperuricemia and hypomagnesemia. Since
potassium-sparing diuretics are rarely used
alone, hyperkalemia is uncommon. Use of
diuretics must be avoided in patients with
diarrheaand/or persistent vomiting.

Refractory Edema

Edemais considered refractory if therapy
with loop diuretics at near maximum doses
fails to result in diuresis. Various causes of
refractory edema and their management are
listedin TablelV.

Synergistic therapy: Patientswho fail to show
diuresis despite 48 hr of treatment with an
adequate dose of frusemide (or another loop
diuretic) might benefit from its combination
with  thiazides. Hydrochlorthiazide or
metolazone has been used frequently in
combination with frusemide or bumetanide
with similar results(13). When a thiazide is
combined with a loop diuretic, the former is
best given one hr beforethelatter. Thisallows
solute transport in the distal tubule to be
blocked fully beforeit floods with solute from
the loop of Henle, ensuring sustained and
effective diuresis. Rapid diuresis can occur
with synergistic therapy, resulting in hypo-
volemiaand hypokalemia. Careful monitoring
isrequired in such situations.

Potassium sparing diuretics are used to
counteract  aldosterone-mediated  sodium
reabsorption and prevent hypokalemia.

Albumininfusion: Itisnecessary to appreciate
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TABLE | V— Mnagenent of Refractory Elena

Probl em

Gonment s, Action

Excess sodi umi nt ake

Rersi stent edena suggest s i nedequiet e sodi umrestri cti on

24 hr urinary sod um>100 nity day indi cates an adequate
d uretic respose
Restrict sod umi rntake

Decressed or ol ayed i ntestind drug absorpti on

Bovel vall edenainpairs ora drug absorption

Intravenous admnistration of frusemde if high dose ord
thergpy i neffecti ve

Decreased drug entry into tubd ar | unen

I ncrease to naxi nimef f ecti ve dose of frusende

Abun infusion dog wth loogp duetic if narked
hypoal bunm nen a

Incressed d st sod umregbsorpti on

Adnini ster nol tiple daily doses of frusemnde

RPatid respose, aldth azide d uretics, sprod actoe

Decreased tubul ar sodi umdue to | owgl onerul ar
filtraionrae

@d corticostera dsincrease tubd ar sod umdd i very
Ddysisa hexdfiltraioninred falue

the two clinical situations where therapy with
intravenous a bumin might be useful. Patients
with nephrotic syndrome occasionally present
with features of hypovolemia, secondary to an
acute episode of gastroenteritisor overzealous
diuretic therapy. In such instances, the
correction of intravascular volume deficit gets
precedence over management of edema
Initial replacement of fluids may be achieved
using normal saline or 5% albumin at 10-20
ml/kg over 30-60 minutesin such patients.

Infusions of hyperoncotic (20%) albumin
have also been recommended for treatment of
severe hypoalbuminemia and edema. Their
usefulness for this indication, either alone or
in combination with diuretics is however not
proven. Co-administration of albumin and
diureticsincreases delivery of thelatter to the
renal tubules, resulting in enhanced sodium
excretion(14-16).  Although difficult to
generate firm conclusions, the combination of
20% abumin and frusemide is likely to
provide clinical benefits for selected patients.
We recommend that the combination should
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be restricted to patients who show refractory
edema or ascites despite maximized doses
of diuretics, and in those with severe
hypoal buminemia.

Administration of 20% albumin (at a dose
of 1g/kg over 1-4 hr) with frusemide (2 mg/
kg) is effective(17). Frusemide may be given
as a bolus either midway or at the end of
therapy with similar results. Albumin is
usually administered as an undiluted solution,
but may be diluted with saline or 5% dextrose
to increase the infusate volume. The rate of
infusion should not exceed 2-3 mL/min for
20% solution.

The effect of albumininfusionistransient,
with most infusate rapidly lost in urine, unless
there is remission of proteinuria. Albumin
infusions therefore need to be required
repeatedly, usually on aternate days for
sustained reduction in edema.

Infusion of hyperoncotic albumin carries
the risk of aggravating pulmonary edema and
congestive heart failure. Therefore, careful
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daily therapy with corticosteroids.

Key Messages
Mild edema, in patients with steroid responsive nephrotic syndrome, resolves promptly following

Judicious therapy with one or more diuretics, and restriction of salt intake is necessary for
managing patients with significant edema.

Albumin infusions should be restricted to subjects with hypovolemia or refractory severe edema.

monitoring of vital signs and volume status
during and after the infusion is recommended.
The medication is expensive; the cost of a100
ml bottle of 20% human albuminisRs. 2000.

Ultrafiltration is a satisfactory method for
removing excess fluid in patients with
refractory edema and oliguria. Continuous
arteriovenous hemofiltration needs an arterial
access for removal of blood, its passage
through a hemofilter and a venous access for
the return. The patient’'s blood pressure
provides the driving force for hemofiltration.
Addition of a blood pump to the system
improves ultrafiltration, as in continuous
venovenous hemofiltration. Hemofiltration is

uncommonly employed in our country due to
itscostsand lack of expertise.

Head out water immersion involvessitting
or standing in atub, immersed up to the neck,
for 3-4 hr every day(18). Increased venous
return due to hydrostatic pressure results in
release of atrial natriuretic peptide, natriuresis
and diuresis. Whilephysiologically sound, the
technique has limited practical utility. The
procedure is cumbersome and requires
significant parental cooperation.

Restriction of water intake is necessary
only in patientswith edemarefractory to other
measures, particularly when associated with
reduced urine output. Fluid intakeisrestricted

Sepl Assess val une st at us*
Sep2a

Sep2b

kgd

Sep3
Sep4d
Sep5

If features of hypovd emha, di ve 5%or 20%al bunin i nf usi on**

If nornovol emha or hypervd emha, admini ster frusemide 2-8 ng' kg daily oraly. Add
sprodactone 23 ngkg'day a higher frusemde doses. Restrict sod umintake.
i nadequet e response, add netd azore (0.1-0.3 ng/ kg/d) or hydrochl orothi azi de (2-3 ng/

111 susta ned response to above ngasures, hospitd i ze

Adnini ster |V frusennde 1- 3 ng/ kg/ dose every 12 hr

Qrsider frisemdeinfusiona 0.1-1L0ngkg'hr if the effect of 1'Vbd uses not sustai ned
Sonficat edena persisting despite these neasures, dve a bumn infusion 20%wth
fruisemde, over 1-4tr, cndterree days.

| f

especid ly inpatiets wth hypovd ema

*fssessvd une status cdinicadly by heart rate, b ood pressure and hydration In patients wth hypovd emna
bl ood urea nay be rai sed, fracti ona excreti on of sod um<0. 2%eand wrinary K/ K*+Na* > 60%
**20%al bunhn nay be dil uted in nornal sdine or Sodextrose sa ution toincrease the infusate vd une

Fig. 2. Management of edema dueto nephrotic syndrome. Responseis consider ed inadequateif weight

lossislessthan 1% per day.
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to insensible fluid losses and urine output in
these cases.

An agorithm for the management of

edema in patients of nephrotic syndrome is
giveninFig. 2.
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