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Abstract
Idiopathic nephrotic syndrome is the most common glomerulopathy in childhood characterised by heavy proteinuria, hypoal-
buminemia and edema. Most of the patients have mild and transient edema but those with difficult to treat nephrotic syndrome
can develop severe edema which may have serious consequences such as immobility, cellulitis and peritonitis. Understanding of
the pathophysiology of edema is still evolving with recent research elucidating newer mechanism of sodium retention through
plasmin mediated epithelial sodium channel activation in collecting duct. Patients with mild edema do not require specific
diuretic therapy as it improves with steroid induced diuresis. In this review, the authors describe the current perspective in
management of moderate to severe edema in childhood nephrotic syndrome including various parameters to assess intravascular
volume status which is important for planning overall treatment strategy. Then they briefly discuss about various classes of
diuretics, aquaretics and evidence based use of furosemide albumin combination therapy for treatment of edema. Management
strategy for a small proportion of patients, who are unresponsive to furosemide therapy, includes diuretic synergism, intravenous
furosemide albumin combination therapy and continuous intravenous furosemide infusion.
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Introduction

Edema is the cardinal manifestation of nephrotic syndrome,
with severity varying frommild facial puffiness to severe ede-
ma; some patients may accumulate additional fluid approxi-
mating 30% of body weight. Patients with steroid sensitive
nephrotic syndrome usually have mild edema that resolves
following therapy with corticosteroids. Difficult to manage
severe edema mostly occurs in patients with steroid resistant
nephrotic syndrome and is associated with discomfort, re-
stricted physical activity and an increased risk of infections.
While patients with severe edemamight require therapy with a
combination of oral and intravenous (IV) diuretics, those with
associated hypovolemia are best managed using IV albumin
infusion. This article reviews current understanding about

pathophysiology of edema formation in nephrotic syndrome,
and a rational approach to its management.

Pathophysiology of Edema

Massive proteinuria resulting in hypoalbuminemia and exces-
sive sodium retention are chief contributing factors for edema
formation in nephrotic syndrome. Two competing theories
have been proposed to explain the pathophysiology of edema,
the ‘underfill’ and the ‘overfill’ hypotheses [1–4]. The
underfill hypothesis states that nephrotic range proteinuria
leads to hypoalbuminemia, which results in decrease in plas-
ma oncotic pressure and altered balance of Starling forces with
consequent leak of fluid from the intravascular space to inter-
stitium, resulting in edema. Depletion of intravascular vol-
ume, due to shifting of fluid into the interstitium, results in
compensatory neurohormonal processes including activation
of renin-angiotensin-aldosterone system (RAAS) and in-
creased secretion of vasopressin. Sodium and water retention
occur as a consequence of the compensatory response. Many
observations contradict the underfill hypothesis as only path-
ophysiological mechanism responsible for edema formation.

* Jitendra Meena
jitendra.2544aiims@gmail.com

1 Department of Pediatrics, Division of Nephrology, ICMR Center for
Advanced Research in Nephrology, All India Institute of Medical
Sciences, New Delhi 110029, India

https://doi.org/10.1007/s12098-020-03252-9
The Indian Journal of Pediatrics (August 2020) 87(8):633–640

/Published online: 30 March 2020

http://crossmark.crossref.org/dialog/?doi=10.1007/s12098-020-03252-9&domain=pdf
mailto:jitendra.2544aiims@gmail.com


Patients with congenital analbuminemia do not develop ede-
ma [5], and all patients with nephrotic syndrome and severe
edema do not show adequate response to albumin infusion
therapy alone [5, 6]. Many patients show brisk diuresis fol-
lowing administration of corticosteroids well before normali-
zation of serum albumin [7, 8]. Similarly, blockade of RAAS
activation with angiotensin converting enzyme inhibitors does
not result in reduction of edema.

According to the overfill hypothesis, sodium retention is
the primary mechanism in nephrotic syndrome that leads to an
expanded intravascular volume and extravasation of fluid into
the interstitium and formation of edema [5, 9–11]. The mech-
anism for primary sodium retention is unclear, although the
distal tubules and collecting ducts are considered to contribute
to this phenomenon [12, 13]. The epithelial sodium channel
(ENaC) is activated by plasmin that is generated by the
urokinase-type plasminogen activator by cleavage of plasmin-
ogen, present in urine of patients with nephrotic syndrome
[14–16]. Chen et al. recently showed that the urinary
plasminogen-plasmin to creatinine ratio was an independent
risk factor for occurrence of edema in adult patients with ne-
phrotic syndrome [17]. Primary sodium retention in nephrotic
syndrome may thus be mediated by plasmin dependent ENaC
activation. While sodium retention by the kidney is important
for pathogenesis of edema, other mechanisms including al-
tered capillary permeability might also contribute [4, 18, 19].

Assessment of Intravascular Volume

Edema is the chief symptom of nephrotic syndrome at the
onset of illness. Researchers report that patients with nephrotic
syndrome show heterogeneity in clinical and biochemical fea-
tures, including intravascular volume status (hypovolemia,
euvolemia and hypervolemia) [20, 21]. It is important to dis-
tinguish between the pathophysiological processes of edema
formation, since this would determine the strategy for man-
agement of edema [4, 22]. A combination of clinical and bio-
chemical features is used to assess the intravascular volume
status. Patients with volume contracted state present with ab-
dominal pain, nausea, vomiting, dizziness, lethargy, tachycar-
dia, pallor, cold peripheries, delayed capillary refill, low blood
pressure, postural hypotension, which may progress to hypo-
volemic shock [23]. Hypovolemic shock is defined by blood
pressure less than 5th centile in presence of other evidence of
hypovolemia. Patients in volume expanded state usually show
refractory edema, hypertension, bloating and dyspnea.

Two reliable biochemical markers of intravascular volume are
fractional excretion of sodium (FENa), and potassium index i.e.,
ratio of urinary potassium to sodium plus potassium [UK+/(UK+

+ UNa+)] [22, 24]. In patients with nephrotic syndrome and
edema, the observed value of FENa is less than 1%; it is less
than 0.2–0.5% in volume contracted state. Therefore FENa value

of <0.2–0.5% can reliably identify children with hypovolemia
[22, 24, 25]. Similarly, potassium index >0.6 is a marker of
increased aldosterone activity in the distal nephron and suggests
intravascular volume contraction [23–25]. In a recent study by
Keenswijk et al., this ratio showed a good correlation with re-
duced renal plasma flow and was a satisfactory indicator of hy-
povolemia [24]. The above parameters do not reliably estimate
the status of intravascular volume when the patient is receiving
therapy with diuretics.

Other parameters for identifying hypovolemia are rise in he-
matocrit (>8–10%), high blood urea to creatinine ratio, and
hyponatremia. Some studies have examined the role of ultraso-
nography, for assessing intravascular volume, using inferior vena
cava indices. Very small number of patients have been evaluated,
and the results do not support the use of ultrasonography as a
reliable bedside tool for fluid volume assessment [26, 27].
Bioelectrical impedance analysis has also been used for assess-
ment of fluid volume in childhood nephrotic syndrome [28, 29].
This analysis is considered to be better tool than ultrasonography
for assessment of total body volume; larger studies are required
before recommending it as a useful tool.

Diuretic Therapy

Diuretics interrupt sodium and water transport along specific
segments of nephron, resulting in augmentation of urine output.
Clinicians should be aware about specific properties of various
classes of diuretics to optimize their use. These agents are clas-
sified according to their site of action, chemical structure, effica-
cy, and sparing of urinary potassium excretion. Loop and osmotic
diuretics are highly potent resulting in almost ~25% glomerular
filtrate being excreted as urine. Thiazides are moderately effica-
cious, while ENaC blockers and aldosterone antagonists are less
effective. With better understanding of molecular mechanism of
action, a classification schema based on mechanism of action of
diuretics is possible [30].

Na+-K+-2Cl− Cotransport Inhibitors

This class of drugs acts by blocking sodium reabsorption
through Na+-K+-2Cl− cotransporter (NKCC2) in the thick as-
cending limb of Henle. NKCC2 blockers are organic anions
which bind to chloride binding site of this transporter at the
luminal side. They are highly bound to albumin (~90%) in the
blood, which limits their filtration through glomerulus. Hence
to act from luminal surface, these agents are secreted in prox-
imal tubules through organic anion transporters present on
basolateral (OAT1) and apical surfaces (OAT3) of proximal
tubular epithelial cells. Once the drug reaches the thick as-
cending limb, they increase sodium and chloride excretion
(upto 25–30% of total filtered sodium load) in the urine by

634 Indian J Pediatr (August 2020) 87(8):633–640



blocking salt transport through NKCC2. Increase in delivery
of sodium in the distal segment results in increased secretion
of potassium and hydrogen ions in cortical collecting ducts,
and hypokalemic metabolic alkalosis. Interruption of sodium
reabsorption by NKCC2 inhibitors also impairs the concen-
trating ability, resulting in massive diuresis.

Furosemide is the most commonly used agent, which also
has weak carbonic anhydrase inhibiting ability. Furosemide
shows erratic oral bioavailability and short half life. To initiate
natriuresis, a minimal plasma concentration of furosemide
(threshold) is essential. Threshold is not a fixed value and
shows inter-patient variability. Once the threshold is crossed,
increasing furosemide dose results in rapid rise in natriuresis
that reaches a plateau after a high dose (ceiling dose); the
agent thus shows a steep dose response curve. Diuresis fol-
lowing furosemide administration lasts for 6–8 h then fades
away; during post diuretic phase there is compensatory in-
crease in sodium retention from distal segment of nephron
[31]. Based on the above principles, an adequate initial dose
of furosemide should be given to cross its natriuretic threshold
in plasma. The medication may be given in two divided doses,
to avoid post diuretic sodium retention. Torasemide is phar-
macologically superior to furosemide in terms of longer half
life, and better and predictable oral bioavailability. However
this agent is not approved for use in children (Table 1).

Chief adverse effects associated with use of NKCC2 inhibi-
tors include volume depletion, hypokalemia and metabolic alka-
losis; hyponatremia, hypomagnesemia and hypercalciuria are
less common. Ototoxicity due to loop diuretics is reversible in
most cases. This side effect is chiefly related to peak plasma
concentration, hence the infusion rate of IV furosemide should
not exceed 4 mg/min. Long term furosemide use can cause hy-
peruricemia, hypertriglyceridemia and rarely glucose intolerance.
These agents can result in hypersensitivity reactions (skin rash,
photosensitivity); the agents should be avoided in patients with
hypersensitivity to sulfonamides. While concomitant use of
amphotericin B increases the risk of nephrotoxicity and

electrolyte disturbance, use of aminoglycoside and cisplatin is
associated with ototoxicity. Nonsteroidal anti-inflammatory
drugs (NSAIDs) attenuate the diuretic efficacy of furosemide;
the anticoagulant activity of warfarin is increased by simulta-
neous use of furosemide.

Na+-Cl− Cotransport Inhibitors

Inhibitors of Na+-Cl− cotransporter (NCC) were derived from
benzothiadiazine, hence medications in this group are known
as thiazide diuretics. Some agents have different structure, but
similar mechanism of action and are called thiazide-like (i.e.,
metolazone). Similar to NKCC2 inhibitors, drugs in this class
are organic anions and highly albumin bound that restricts their
filtration from glomeruli. NCC inhibitors are secreted into the
proximal tubules through the organic anion transporter, and pass
through loop of Henle to the distal tubule, which is their primary
site of action. In distal tubules they inhibit NCC resulting in
increased urine sodium excretion. NCC inhibitors are moderate
efficacy drugs, and increase excretion of 5–6%of filtered sodium
load through urine. Similar to NKCC2 inhibitors, these diuretics
also increase sodium delivery in the collecting duct resulting in
hypokalemia and metabolic alkalosis, as above. NCC inhibitors
decrease urinary calcium excretion, through increased calcium
reabsorption via the basolateral Na+-Ca2+ exchanger. It is pro-
posed that NCC blockade leads to drop of intracellular sodium
concentration, triggering sodium influx into cell in exchange of
calcium through Na+-Ca2+ exchanger.

Two commonly used agents are hydrochlorothiazide and
metolazone. Both drugs have satisfactory oral bioavailability
(60–70%) and require once daily dosing (Table 1). Adverse
effects are similar to loop diuretics, except for higher risk of
hyponatremia and hypomagnesemia. Metabolic complica-
tions (hyperuricemia, hypertriglyceridemia, glucose intoler-
ance) are more common with NCC inhibitors than NKCC2

Table 1 Commonly used diuretics in children

Medication Route, dose (mg/kg/day) t1/2 (hour) Duration of
effect (hour)

Oral bioavailability Route of elimination

Furosemide Oral 1–6; IV 1–4
IV infusion 0.1 to 1 mg/kg/h

1.5–2 6–8 20–80% ~65% renal

Torsemide 5–10 mg/d* 3–4 12 ~80% ~20% renal

Hydrochlorothiazide 1–2 ~2.5 ~24 ~70% ~95% renal

Metolazone 0.2–0.4 – ~24 ~65% ~95% renal

Spironolactone 1–4 ~1.6 ~3 ~65% No renal excretion

Amiloride 0.1–0.6 6–9 ~24 15–25% ~100% renal

Acetazolamide 5–30 6–9 16 ~100% ~100% renal

Mannitol 0.25–1 g/kg/dose 0.5–1.7 ~2 ~Negligible ~80% renal

*Use of torasemide is not established for children
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inhibitors. Erectile dysfunction may be seen in adolescents
using thiazides for management of hypertension.

Epithelial Sodium Channel Inhibitors

These are less effective diuretics, and used for their potassium
sparing effect. Amiloride and triamterene are used in clinical
practice. ENaC blockers are organic cations and their secre-
tion in proximal tubules is mediated by organic cation trans-
porter (OCT2) on the basolateral surface and the multidrug
and toxin extruder (MATE1) on apical surface. Inhibition of
ENaC results in increased sodium excretion (~2% of filtered
load) in urine and loss of negative transepithelial potential
difference, which is responsible for its potassium sparing ef-
fect. Both ENaC blockers are poorly absorbed from the gut.
Hyperkalemia is the chief adverse effect; triamterene is asso-
ciated with interstitial nephritis, nephrolithiasis and megalo-
blastic anemia. ENaC blockers should be used with caution in
patients receiving cotrimoxazole, angiotensin converting en-
zyme inhibitors and NSAIDs.

Mineralocorticoid Receptor Antagonists

Mineralocorticoid receptors are located on basolateral sur-
face of the tubular epithelial cells in late distal tubule and
collecting duct. When aldosterone binds to these recep-
tors, it regulates gene expression and increased production
of ENaC, Na+-K+ ATPase and its migration to epithelial
surface. This leads to reabsorption of sodium coupled
with augmented secretion of potassium and hydrogen.
Overall aldosterone antagonists are weak diuretics; their
efficacy however depends on the endogenous level of al-
dosterone. Spironolactone and eplerenone are used in
practice. Oral bioavailability of spironolactone and
eplerenone is good (~65–70%); t1/2 of the latter is almost
three times the former (Table 1). While their chief side
effect is hyperkalemia, patients with cirrhosis may show
metabolic acidosis; lethargy, drowsiness and ataxia may
occur. Other adverse effects, chiefly related to affinity
for steroid receptors in other organs, include gynecomas-
tia, impotence, hirsutism, menstrual irregularity, gastritis
and peptic ulcer.

Carbonic Anhydrase (CA) Inhibitors

Inhibition of CA results in reduced sodium, bicarbonate and
water reabsorption in proximal tubules; however the losses are
usually well compensated in the loop of Henle and distal
nephron. Since CA in the collecting duct has an important role
in acid (H+) secretion, its inhibition results in systemic

acidosis. Acetzolamide has ~100% oral bioavailability and is
excreted unchanged (Table 1). Systemic acidosis is the chief
adverse effect; since CA inhibitors are sulfonamide deriva-
tives they may results in bone marrow depression and hyper-
sensitivity reactions. High dose CA inhibitors may rarely
cause drowsiness and paresthesias.

Osmotic Diuretics

Osmotic diuretics are pharmacologically inert; they are freely
filtered by the glomeruli and undergo limited reabsorption in
tubules. Mannitol, a sugar alcohol, is currently used for ther-
apeutic purposes. Administration of IV mannitol results in
movement of water from intracellular to intravascular space,
increased renal blood flow and abolition of medullary hyper-
tonicity. As a consequence, tubules ability to concentrate urine
is lost resulting in diuresis. Presence of osmotic agents within
tubular lumen inhibits water reabsorption from proximal tu-
bule and descending limb of Henle, which decreases sodium
concentration in fluid reaching thin ascending limb, limiting
passive reabsorption of sodium as well.

Mannitol is administered through the IV route, and its half-
life is short, requiring frequent dosing or continuous IV infu-
sion. Mannitol causes volume expansion and can result in
pulmonary edema in patients with compromised cardiac func-
tions. Hyponatremia may occur as mannitol shifts water from
the intracellular to intravascular compartment. Rarely patients
develop hypernatremia and dehydration due to excessive wa-
ter loss through urine.

Vasopressin Receptor Antagonists
(Aquaretics)

This class of drugs increases urine volume by augmenting free
water excretion. Vasopressin acts through type 2 receptors
(V2R) located on basolateral surface of the epithelial cells in
the collecting duct. Binding of vasopressin to V2R leads to
increased density of aquaporin channels (AQP2 and AQP4),
resulting in water reabsorption. Tolvaptan is an oral vasopres-
sin receptor antagonist (V2RA) with high affinity that in-
creases urine volume. Since the medication leads to aquaresis,
rise in blood sodium concentration is seen following their
administration [32]. Aquaresis begins 2–4 h following oral
administration of tolvaptan, and peak effect is observed at
4–8 h. Tolvaptan is chiefly excreted by non-renal route and
metabolized by CYP3A. Thirst, dry mouth, pollakiuria and
constipation are common side effects; few cases of liver injury
have been reported following prolonged use. Clinicians
should avoid rapid correction of hyponatremia, which might
lead to osmotic demyelination syndrome. Evidence regarding
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use of V2RA in children is limited, and the drugs are not
recommended for routine use [33, 34].

Combination Therapy of Furosemide
and Albumin

Some patients of nephrotic syndrome with severe edema fail to
respond to high dose oral or IV diuretics, and require albumin
infusions. Albumin infusion is used to correct hypoalbuminemia,
since it is the chief contributing factor for edema. Several mech-
anisms are proposed to explain the improved efficacy of com-
bined therapy, the most accepted being that IValbumin enhances
the secretion of furosemide in proximal tubules, with increased
delivery at its primary site of action.

While initial studies reported that albumin infusion en-
hances diuresis in patients with diuretic refractory edema
[35, 36], others have contradicted these findings [37]. The
authors performed a meta-analysis of existing literature, in
patients with nephrotic syndrome, to assess the efficacy of
combined therapy with furosemide and albumin, compared
to furosemide therapy alone [36–41]. Six studies, involving
69 patients were included in this meta-analysis. Of these stud-
ies, only one trial included children, and most had small sam-
ple size and high risk of bias. The meta-analysis showed that
combination therapy was more effective in augmenting diure-
sis than furosemide therapy alone (Fig. 1). However in a re-
cent Cochrane review authors failed to draw any conclusion,
regarding use of human albumin infusion, due lack of studies
as they excluded cross-over randomized trials [42].

Clinically, two groups of patients with nephrotic syndrome
benefit from albumin infusions: (i) patients who present with
intravascular hypovolemia, and (ii) those with severe diuretic
refractory edema. Patients with hypovolemia, but not in
shock, should be managed with IV infusion of human albumin
(20%, 0.5–1 g/kg over 3–4 h), followed by careful adminis-
tration of IV furosemide (0.5–1 mg/kg). Patients with refrac-
tory edema require IV infusion of albumin (1 g/kg) over 3–4 h,
followed by higher dose of furosemide (2 mg/kg). Furosemide
is administered as bolus dose during or at end of albumin

infusion. Albumin is given as 20% undiluted solution, but
may be diluted to 5%with normal saline in order to administer
a higher infusate volume. Rate of albumin (20%) infusion
should not exceed 2–4 ml/min, in order to avoid risk of fluid
overload and pulmonary edema. The effect of albumin infu-
sion is transient, and during relapse most patients would ex-
crete the amount infused over next 24–48 h. Patients with
severe hypoalbuminemia, specifically those with steroid resis-
tant illness, require repeated courses of albumin infusion.
While albumin infusion is effective in inducing diuresis and
reduction of edema, it may be associated with worsening of
hypertension, pulmonary edema and congestive heart failure
[43]. It is recommended that adequate urine output be ensured
before initiating albumin infusion; infusions should also be
avoided in patients with respiratory distress. Rarely albumin
infusion may cause an anaphylactic reaction [44].

Management of Edema

While almost one-half of the patients during relapse
present in volume contracted state, the other half either
have intravascular volume expansion or euvolemia.
Patients with hypovolemic shock are managed with fluid re-
suscitation with either normal saline or 5% albumin to expand
intravascular volume. Initially rapid infusion of normal saline
(10–15 ml/kg) over 20–30 min is preferred in these patients.
Five percent albumin infusion (10–15 ml/kg) over 30–60 min
may be used in patients who fail to respond despite normal
saline bolus [7, 45]. Patients with features suggestive of hy-
povolemia without evidence of shock should bemanagedwith
albumin infusion (0.5–1 g/kg over 3–4 h) with or without
diuretics as described in Fig. 2.

Patients without hypovolemia are managed based on
severity of edema. Patients with mild edema (weight
gain <7%) are often managed conservatively and do
not require diuretic therapy as administration of steroids
induces brisk diuresis. These patients should be advised
to avoid excessive sodium containing food (potato
chips, papad, pickles, nuts and cornflakes) and minimal

Fig. 1 Forest plot for meta-analysis assessing urine volume between combination of furosemide and albumin vs. furosemide therapy alone.
FU Furosemide
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fluid restriction. Patients with moderate to severe edema
(weight gain more than 8–15%) often can be managed
with diuretics alone; furosemide is initial diuretic of
choice due to its high efficacy and time tested safety
profile. All patients on furosemide therapy should be
advised restriction of sodium intake (<2 mEq/kg/d) as
failure to adhere to this practice might result in poor
response to therapy. Patients with nephrotic syndrome
and moderate to severe edema should be initially man-
aged with 2 mg/kg/d of oral furosemide. It is important
to ensure an adequate dose of oral furosemide that
crosses the natriuretic threshold. Practically this is
assessed by asking if there is increased diuresis within
2–4 h of furosemide administration. Initial target of di-
uretic therapy is to achieve weight reduction of 1–2% of
body weight per day. If the initial dose fails to augment
urine volume, the dose might need to be increased upto
6 mg/kg/d. Lack of response to maximum oral dose is

an indication for switching over to the IV route.
Although furosemide is usually administered in divided
doses, the total dose should not be divided until the
initial dosage is adequate enough to induce diuresis.

Combination therapy, with a NCC inhibitor (metolazone is
preferred) and furosemide, should be used for patients who fail
to achieve adequate reduction in edema with furosemide alone.
Patients receiving high dose oral or IV furosemide often require
administration of spironolactone as a potassium sparing agent.
Since urine from patients with nephrotic syndrome is proposed to
activate ENaC, therapy with ENaC blockers seems appropriate
for management of edema in these patients. However there is
limited evidence that amiloride augments diuresis, and therefore,
cannot be recommended for clinical practice.

Patients with diuretic resistant edema might benefit from
coadministration of albumin and furosemide as mentioned
above. An algorithm suggesting the practical approach for
management of edema is shown in Fig. 1. Patients with

Assess for hypovolemia*
Pulse rate, capillary refill time,
Blood pressure, urine output,
Urinary potassium index, fractional excretion of sodium, 
Hematocrit, urea to creatinine ratio 

Nephrotic syndrome with moderate to severe edema

No response in 48 h

Present
Absent

Hypovolemic shock: IV saline or 
5% albumin bolus
If no evidence of shock: Human 
albumin 0.5-1 g/kg followed by 
furosemide 0.5-1 mg/kg

Oral furosemide#  2-4 mg/kg/d 
Consider adding spironolactone 2-4 mg/kg/d

Add metolazone 0.1-0.3 mg/kg/d, OR
Change to IV furosemide 3-4 mg/kg/d

Refractory edema
IV furosemide infusion 0.1-1 mg/kg/h with 
albumin infusion
Tolvaptan 0.5-1 mg/kg/d, OR
Ultrafiltration

No response in 48 h

IV furosemide 2-4 mg/kg/d and IV albumin 
infusion 0.5-1 g/kg/d

Fig. 2 Management of edema in
patients with nephrotic syndrome
*Hypovolemia is indicated by
urinary potassium index (> 0.6),
fractional excretion of sodium (<
0.2%), hematocrit (rise of >10%
from baseline) in presence of
clinical evidence of hypovolemia.
#Avoid using diuretics in setting
of d ia r rhea , vomi t ing and
thrombosis.

Table 2 Mechanisms of furosemide resistance and their management

Mechanisms of resistance Management

Poor adherence Ensure compliance to salt restriction and therapy with furosemide

Poor oral bioavailability due to gut edema Shift to intravenous route; use of diuretics with better bioavailability (torasemide)

Impaired furosemide secretion in proximal
tubules due to low serum albumin

Coadministration of furosemide with 20% albumin

Compensatory increase in sodium
reabsorption from distal nephron

Sequential nephron blockade using combination of furosemide and thiazides; administer
thiazides 30 min before furosemide
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moderate to severe edema on diuretics therapy require strict
monitoring of body weight, urine output, evidence of hypo-
volemia and serum electrolytes 1–2 times daily.

Diuretic Resistance

Furosemide is often the initial diuretic of choice for weight
reduction in patients with moderate to severe edema. A pro-
portion of patients fail to achieve clinically desired reduction
in weight despite maximum dose of diuretic; these patients are
considered as diuretic resistant. Diuretic resistance is de-
scribed in patients with heart failure, nephrotic syndrome
and cirrhosis. Poor adherence to salt restriction and medica-
tions, gut edema, low serum albumin, intravascular hypovo-
lemia, accumulation of endogenous acids, reduced glomerular
filtration rate (GFR) and compensatory increase in sodium
reabsorption from distal nephron, are responsible for furose-
mide resistance in children. Management of diuretic resistance
comprises of improving compliance to salt restriction and
medication intake, and reverting the likely etiology for non
response [31, 46] (Table 2). Patients with severe diuretic re-
sistant edema should also be advised to restrict fluid intake to
two-thirds of maintenance.Most of these patients with diuretic
resistant edema can be managed with albumin furosemide
combination therapy. A small proportion of patients with se-
vere resistant edema, who show diuretic response to IV bolus
dose of furosemide which is not sustained, may benefit with
continuous furosemide infusion. Following initial furosemide
bolus of 1–2 mg/kg, infusion is started at 0.1 mg/kg/h and can
be increased upto 1 mg/kg/h [41]. Patients on continuous fu-
rosemide infusion are at high risk of electrolyte imbalance and
hence require frequent monitoring.
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