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Clinical Appearance

Benz MR & Weber LT, Monatsschr Kinderheilkd, 2012



– Heavy proteinuria (>1g/m2xd)
– Hypoalbuminemia (<2,5 g/dL)

Characteristic:
– Edema
– Hypercholesterinemia, hypertriglyceridemia

Definition of Nephrotic Syndrome



Primary 
nephrotic 
syndrome

Secondary 
nephrotic 
syndrome

genetic
idiopathic

Underlying condition

Noone DG et al., Lancet, 2018



steroid-sensitive
(SSNS)

steroid-resistent
(SRNS)

infrequent relapser
<4 relapses/a

or 
<2 within 6 months of 

initial response 

frequent relapser
≥4 relapses/a

or 
≥2 within 6 of initial 

response 

steroid-dependent
relapse occurring while weaning
to alternate day steroids or within
2 weeks of steroid discontinuation

≈ 10%

Idiopathic Nephrotic Syndrome
Clinical Manifestation

≈ 40% ≈ 35% ≈ 15%



Minimal change GN Focal segmental 
glomerulosclerosis (FSGS)

Diffuse mesangial sclerosis

Membranous GN Membranoproliferative GNMesangial proliferative GN

≈ 80%

Idiopathic Nephrotic Syndrome
Histological Manifestation



Noone DG et al., Lancet, 2018

Pathophysiology



Podozyte
damage

Nephrotic Syndrome

Toxins

Immune
complex

Circulating
mediators

T-cell attacs, B-cell dysfunction
cytocines

Other factors

Gene defects

Effacement

Courtesy of Thomas Benzing, Cologne

Nephrotic Syndrome 
A Disease of the Podocyte



Idiopathic nephrotic syndrome
≠ MCD  
≠ SSNS

SRNS ≠ FSGS

30% of FSGS 
are steroid-
sensitive

7% of MCD are
steroid-resistant



Primary Therapy

Treatment targets

• efficient

• no (little)side effects

• no relapse

• good prognosis
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Proteinuria

Edema



Cadnapaphornchai MA et al., Pediatr Nephrol, 2014



Cadnapaphornchai MA et al., Pediatr Nephrol, 2014



Where are we?
Underfill or Overfill?

• FENa

• Tubular sodium/potassium-exchange

• Signs of intravascular hypovolemia
– renin↑/ aldosterone↑
– urine-sodium <10 mmol
– FENa <0,2% 
– (UK)/(UK + UNa) >60%

Kapur G et al., CJASN, 2009
Vande Walle JG et al., JASN, 1999
Vande Walle JG et al., Pediatr Nephrol, 2001
Cadnapaphornchai MA et al., Pediatr Nephrol, 2014



McCaffrey J et al., Pediatr Nephrol, 2015



Treatment of edema (increased total body water and –sodium)

• low sodium diet (<2 mmol/kg x d)
• (lymphatic drainage)

• fluid restriction
• diuretics

• albumine 20% 2-5 ml/kg for (2-)4 h i.v. 
– 30-60 min thereafter 1-2 mg furosemide i.v. 

• (Hemofiltration)

CAVE
in hypovolemia

Only indicated in treatment resistant, life threatening edema

CAVE 
hypervolemia
(hypertension, pulmonary
edema)



Edema - Diuretics

• Furosemide
– high proteine binding

• NS: low serum albumine binding � short THL
• NS: high tubular albumine binding� reduced efficacy

NS: higher doses: 2-5(-10) mg/kd x d

– administration every 6 h � maintainant infusion
– combination with thiazide (1-2 mg/kg x d)

• Amiloride
– blocks ENaC
– combination

(z.B. Diaphal® 40 mg Furosemide/ 5 mg Amiloride)
– off licence in children

CAVE ototoxicity due to high peak levels

CAVE hypokalemia

Deschenes G et al., Arch Pediatr, 2004



Mechanisms of Loop Diuretic Resistance in Nephrotic  Syndrome

Cadnapaphornchai MA et al., Pediatr Nephrol, 2014



Nutrition – acute phase

• low sodium (<1-2 mmol/kg x d)
• proteine intake 100-140% of RDA
• avoid saturated fatty acids 
(hyperlipidemia)

• in high-dose glucocorticoid therapy
– low intake of carbohydrates
– low intake of fat



Important complications

• Hypovolemia (low oncotic pressure)

• Immune deficiency (altered cellular/humoral immunity, disturbances of the 
complement system)

• Risk of thromboembolic disease (imbalance of coagulation factors (high molecular 
weight procoagulants such as factor V and VIII ↑, low molecular weight anticoagulants 
such as antithrombin ↓; reactive thrombocytosis and platelet dysfunction (PCAP 

deficiency); hemoconcentration)

• Hypothyroidism (e.g. due to loss of thyroxine-binding globulin)

• Dyslipidemia
(increased hepatic synthesis; reduced hepatic cholesterol uptake; altered metabolism)



Infections

• Sides of infection
– cellulitis, pneumonia < 10 years, UTI > 10 years, peritonitis, (sepsis, osteomyelitis)

• Cause
– IgG↓↓
– abnormal T/B-cell-function
– complement disturbancies,…
+ immunosuppressive therapy

• bacterial
– S. pneumoniae, Staphylococcus, HiB,…

(peritonitis, cellulitis,.…)

• viral
– Varicella-zoster virus, influenza virus….

Krensky AM et al., American Journal of Diseases of Children, 1982
McCaffrey et al., Pediatr Nephrol, 2015

Problem: 
encapsulated
bacteria



• Antibacterial prophylaxis controversial
– Cave: resistancies
–110 children need to be treated for 1 year to avoid one episode of pneumococcal

infection (McIntyre P et al., J Peadiatr Child Health, 1998)

• Pneumococcal vaccination!
• Influenca vaccination! (inactivated vaccine)

• VZV-exposure
– Vaccinated?
– Titer? (uncertain in proteinuria)
– Passive varicella vaccination (within 4 (up to 10) days)
– (Val)Aciclovir

Prophylaxis of infections
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Live vaccine in nephrotic syndrome?

Kamei K et al., J Pediatr, 2018



• Mobilisation
• Screening for thrombophilia?
• low molecular weight heparin 

– e.g. enoxaparin: 1 mg/kg s.c. in 1 ED
– AntiXa-level: 0.2-0.4 U/ml
– CAVE: 

• not in anuria
• when GFR≤ 40 ml/min x 1,73m2 � AntiXa-level every 48 h

• no indication for
– unfractinated heparine, cumarines

Thrombembolic disease

� Second leading cause of mortality
� Venous and arterial
� Deep vein thrombosis, sinus vein thrombosis

Prophylaxis



Antihypertensive Therapy

• ACE-Inhibitor/ AT1-Receptor antagonists
– antiproteinuric, renoprotective
– glomerular perfusion↓

• Cave: Hypovolemia

• Diuretics (furosemide, thiazide, amiloride)
• Betablocker
• Calciumantagonists

Target: Blood pressure < 90. percentile for age, se x and height



McCaffrey J et al., Pediatr Nephrol, 2015

Summary of Non-Immunosuppressive Therapy of Nephrot ic 
Syndrome



Noone DG et al., Lancet, 2018

Published protocols for steroid treatment (predniso ne or 
prednisolone) for initial presentation of idiopathi c nephrotic 

syndrome 



015Deschênes G et al., Eur J Pediatr, 2017

Variability of Diagnostic Criteria 
and Treatment of Idiopathic Nephrotic 
Syndrome across European Countries 
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Molecular basis of glucocorticoid efficacy

Genomic effects:

�Expression of proinflammatory and 
immune stimulating genes ↓

�Expression of antiinflammatory and
immunosuppressive genes ↑

Non genomic effects:

�Stabilization of membranes

�Regulation of membraneous ion channels

In nephrotic syndrome:

� Podocyte protection (repair
mechanisms including Nephrin
production)

� Stabilization of actin filaments
in podocytes

� Decrease of apoptosis

Schijvens AM et al., Pediatr Nephrology, 2019



ADME of steroids in 
nephrotic syndrome

014Schijvens AM et al., Pediatr Nephrology, 2019
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Free glucocorticoid concentration remains unchanged  in nephrotic 
syndrome

Schijvens AM et al., Pediatr Nephrology, 2019



APN-Study 6Wks/6Wks versus 
4Wks/4Wks (ISKDC)

Ehrich and Brodehl, Eur J Pediatr, 1993



Teeninga et al., CJASN, 2013



Teeninga et al., CJASN, 2013

Length of glucocorticoid treatment – no effect on re lapse rate



Teeninga et al., CJASN, 2013

Length of glucocorticoid treatment – no effect on ri sk of FRNS



Kidney International, 2015



cum. 3.530 mg/m2

cum. 2.792 mg/m2



Kidney International, 2015



cum. 2.240 mg/m2

cum. 3.885 mg/m2



GPN-Study 
6Wks/6Wks versus 6Wks/6Wks plus CsA

Hoyer and Brodehl, J Am Soc Nephrol, 2006



Hoyer PF, Kidney International, 2015



Findings

• Initial immunosuppressive therapy: Prednisone

• Problem: Prednisone associated side-effects 

• Extension of initial glucocorticoid therapy has probably no impact 
on natural (long-term) course 

Ehrich and Brodehl, 1993; Hoyer 2006, 2015



INTENT Study 

Initial treatment of idiopathic nephrotic 
syndrome in children with mycophenolate 

mofetil vs. prednisone: A randomized, 
controlled, multicenter trial 

Protocol comittee
Jutta Gellermann, Uwe Querfeld Berlin
Peter F. Hoyer Essen
Dirk E. Müller-Wiefel, Markus Kemper Hamburg
Dieter Haffner Hannover
Burkhard Tönshoff Heidelberg
Marcus R. Benz, Lutz T. Weber, Jörg Dötsch Köln
Martin Konrad Münster



First episode of steroid-sensitive nephrotic syndrome (SSNS)
•age 2-10 years
•remission induced by prednisone 60 mg/m2/d

remission

randomization

Control intervention

Prednisone 60 mg/m2/d
continued for total 6 weeks

Mycophenolate mofetil

1200 mg/m2/d

(till 12 weeks total 
treatment duration)

+
Prednisone

40 mg/m2/2d
for 6 weeks

End of intervention after total of 12 weeks

Prednisone 
40 mg/m2/2d
for 2 weeks

End of trial (total of 27 months)

24 months

Initial treatment of idiopathic nephrotic syndrome in children with mycophenolate mofetil vs. predniso ne: A 
randomized, controlled, multicenter trial 

(INTENT Study) of GPN



Hypothesis

Initial therapy with Steroids and Mycophenolic Acid compared to standard 
therapy according to GPN shows

• less adverse events

• non-inferiority regarding maintenance of initial remissions within the first 24
months after onset



Prevention of relapses with levamisole as adjuvant therapy to corticosteroids in 
children with a first episode of idiopathic nephrotic syndrome (LEARNS).

International, multicentre, randomised, double blind, phase III, placebo-controlled clinical trial

The Netherlands: 15 centres

Belgium : 5 centres

Hypothesis

Combined treatment of children with a first episode of INS with steroids and levamisole will prevent

relapses after the first episode of INS. 

Primary objective

To investigate the efficacy and safety of additional levamisole in comparison with placebo of the first 

episode of SSNS in children (age 2-16 years) on the occurence of relapses <12 months. 

LEARNS learns@amsterdamumc.nl



Study treatment

Inclusion: Children (2-16 years) with a first episode of SSNS

Follow-up: 2 years after first presentation

Primary endpoint: Occurence of relapses at 1 year after first presentation

Prednisolone daily
60 mg/m 2

on alternate days
60 mg/m 2

First episode SSNS

8 weeks4 weeks

2.5 mg/kg on alternate days

tapering
45 – 30 – 15 mg/m 2

6 weeks

Levamisole

28 weeks

or

2.5 mg/kg on alternate daysPlacebo

LEARNS learns@amsterdamumc.nl



Summary

•Glucocorticoids are the fundament of treatment of i diopathic nephrotic 
syndrome in childhood. 

•Primary response to steroids has prognostic signifi cance. 

•Nephrotic syndrome has significant morbidity (e.g. edema) and complications 
such as infections and thromboembolic events have t o be regarded.

•Non-immunosuppressive therapy complies with individ ual needs.

•Overall prognosis of SSNS as for renal function is good. Most often, however, 
it has a relapsing course and patients ´ life is filled with fear and sorrow.

•Intensity and length of primary glucocorticoid ther apy has no impact on the 
natural course of the disease.

•Future studies investigate novel regimen of primary  therapy, e.g. with reduced 
glucocorticoid exposure.
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