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 Proteinuric kidney diseases can be divided into glomerular or non-

glomerular forms, depending on whether protein loss occurs across 

the glomerular filtration barrier or results from insufficient reabsorption 

of filtered protein by the proximal tubule

 Glomerular proteinuria is defined by a predominance of albumin 

whereas, in non-glomerular forms, albumin is only a minor component





 podocyte injuries without immune complex deposits produce different 

histopathological lesion patterns evident on biopsy, of which four types 

can be distinguished; 

 Diffuse  mesangial sclerosis (DMS)

 Minimal change disease

 focal segmental glomerulosclerosis (FSGS) 

 Collapsing glomerulopathy





 The histomorphological lesions are unspecific lesions and represent 

different patterns of podocyte injury rather than defining a unique 

disease cause or diagnosis that would imply a specific therapy

 The prognosis of patients with genetic podocytopathy is generally poor, 

with >50% of patients developing ESKD within 5 years of the diagnosis; 

patients who lack a genetic cause of the disease have a better 

prognosis, particularly when they are responsive to immunosuppressive 

treatmen









 Risk factors Podocytopathies can have a single cause, as frequently in 

the many monogenetic forms manifesting early in life or in the forms 

arising from a single environmental risk factor

 Podocytopathies can have a combination of multiple genetic and/or 
environmental risk factors causing podocyte injury, acting in concert to 

reach a threshold effect for the development of proteinuria





New-onset nephrotic syndrome

 Oral steroid therapy for at least 2–3 months is typically initiated with 
new-onset nephrotic syndrome without histological confirmation by 
kidney biopsy in children and adolescents

 Hypertension

 Gross haematuria 

 Marked elevation in serum creatinine

 Abnormal complement levels

 Extrarenal symptoms



 Approximately 80–90% of patients will experience complete remission 

within the 4 weeks of initiating therapy but some centres also administer 

three intravenous pulses of methylprednisolone every other day at this 
point. 

 Patients who do not undergo complete remission and perhaps those 

with only a modest partial remission are categorized as having SRNS 
and require prompt kidney biopsy and genetic testing 

 Only 30% of children with SSNS maintain remission, 10–20% will have 

fewer than four relapses and the remaining will have frequent relapses 

(FRNS) or will relapse while on a steroid taper (SDNS)



 Response to therapy is typically slower in adults than in children, 

justifying prolonged steroid courses before defining treatment failure is 

needed

 Mycophenolate mofetil combined with low-dose steroids may induce 

disease remission in adult podocytopathies at rates comparable with 
standard therapy, possibly alleviating the risk of steroid-related adverse 

effects such as diabetes and hypertension in high-risk patients. 

 Slow tapering of immunosuppressive drugs over 6 months is a widely 

accepted measure to reduce the risk of relapse



 Almost all children with FRNS experience a progressive decrease in the 
number of relapses over time and many ultimately go into sustained or 
even permanent remission. 

 Limited long-term outcome data in adults suggests that patients who have 
frequent relapses or SDNS during childhood are at risk of experiencing 
relapses during adulthood and adverse drug effects 

 Kidney function remains normal in adulthood as long as patients remain 
responsive to treatment and long-term sequelae are generally related to 
medication adverse effects

 Various glucocorticoid regimens have been used to treat FRNS and SDNS. 
Frequent relapses usually require steroid dose adjustment above the 
individual threshold 



 Alternate-day steroid dosing (in children) and steroid-sparing agents are 
commonly used to avoid long-term steroid toxicity

 Calcineurin inhibitors are frequently chosen as steroid-sparing agents 

based on evidence from small trials despite relapse rates as high as 75% 

upon discontinuation.

 These events often lead to prolonged treatment courses, which pose a 

considerable risk of calcineurin inhibitor-induced nephrotoxicity 





 In paediatric patients, mycophenolate mofetil seems equally as effective 

as levamisole but not as effective as ciclosporin in achieving remission 
although the evidence is still limited

 In addition, higher doses of mycophenolate mofetil than those used in 

kidney-transplanted recipients seem to be necessary in children with 

nephrotic syndrome to achieve remission

 Adrenocorticotropic hormone has been used but its efficacy is 

controversial because studies yielded conflicting results



 In a very small number of cases, patients who were initially steroid 

sensitive become steroid resistant but can be usually successfully 

treated with alternative immunosuppressive therapies. these patients 
are at increased risk for ESKD 

 SRNS Steroid resistance is defined as the lack of complete remission 

despite full-dose steroids for an adequate period of time 



 Screening for genetic mutations should be performed in all children as 

well as in adults with SRNS before considering additional 

immunosuppressive therapies as these are rarely effective in 

podocytopathies with a genetic cause

 Genetic testing results take at least 4–6 weeks to become available, it 

may be appropriate to start a second-line therapy in selected patients 
in the interim

 In patients in whom a genetic mutation is identified, 

immunosuppressive treatments can usually be discontinued and anti-
proteinuric regimens with a RASi become the mainstay of therapy to 

attenuate CKD progression



 Approximately 60% of steroid-resistant patients may respond to 

ciclosporin or tacrolimus at moderate doses with reduced proteinuria 

and slower or halted CKD progression

 As relapse is frequent after the withdrawal of these drugs, prolonging 
treatment for 1–3 years after remission is achieved is advisable. 

 Mycophenolate mofetil alone achieves remission in fewer than half 

of patients but its use as maintenance treatment might reduce the 
calcineurin inhibitor dose and limit nephrotoxicity. 

 Mycophenolate mofetil in combination with calcineurin inhibitors 

may be a rescue approach. 



 Given the value of rituximab as a treatment in SSNS and immune-

mediated podocytopathies, other CD20-targeting or B cell-targeting 

drugs are being considered

 Ofatumumab is a more potent CD20+ B cell depleter and may replace 

rituximab in patients with drug hypersensitivity

 Belimumab (which targets B cell-activating factor), is an established 

maintenance therapy in SLE & other forms of nephrotic syndrome

 Many attempts to find new treatments for podocytopathies beyond the 
traditional immunosuppressive drugs have been unsuccessful



 In secondary podocytopathies, management is focused on treating the 
underlying disorder. 

 Genetic testing identifies the diagnosis underlying SRNS in up to 30–60% 

of children and young adults, and some of these patients may benefit 

from avoiding unnecessary immunosuppressant therapies and from 
receiving specific treatments

 For example, patients with pathogenetic mutations in coenzyme Q10 

biosynthesis (COQ2, COQ6 and ADCK4) may respond to oral coenzyme 

Q10 supplementation.



Complications

 Nephrotic syndrome requires additional treatment for symptoms and to 

prevent complications

 Edema

 Patients are initially treated with loop diuretics and dietary sodium 

restriction to ~2 g per day and are monitored closely for clinical signs of 

hypovolaemia

 Amiloride ,Thiazide diuretics or, alternatively, triamterene or 

acetazolamide can be combined with loop diuretics in patients with 

refractory oedema



 Hyperlipidaemia is problematic in patients with nephrotic proteinuria as 

it increases the risk for progressive loss of renal function and 

cardiovascular disease

 Statins are the treatment of choice if hyperlipidaemia persists after 

treatment of the underlying kidney disorder with immunosuppressive 

therapy and/or a RASi. 

 Cytochrome P3A4 inhibitors such as cyclosporin, increase plasma levels 

of statins and require dose adaptations of the statins



 Thromboembolism

 Adults with nephrotic syndrome have a high incidence (10–40%) of 

arterial and venous thrombosis, particularly deep vein and renal vein 

thrombosis, in some cases leading to pulmonary embolism

 Venous and arterial thromboses are reported in only 2–3% of children 

with nephrotic syndrome, although this may be an underestimate 

because many episodes are asymptomatic. 

 Adults and infants with congenital nephrotic syndrome are at increased 

risk for renal vein thrombosis but this complication is rare in children

 Pulmonary embolism should be suspected in patients with pulmonary or 

cardiovascular symptoms and can be confirmed by radioisotope 

scanning



 Prophylactic anticoagulation with oral anticoagulants is 

recommended only 

 After the first thromboembolic episode 

 Albumin concentration is <2 g/dl

 Fibrinogen is >6 g/l   

 Anti thrombin III is <70% of normal

 Prophylactic anticoagulation is continued for as long as these 

alterations persist



 Infections 

 To prevent pneumococcal infections, children and adult with nephrotic 

syndrome should receive 1–2 doses of conjugate 13-valent 

pneumococcal vaccine (PCV13) preceding the 23-valent polysaccharide 

(PPSV23) (if not previously immunized)

 Varicella can also cause major morbidity and mortality in these patients

 Centre-specific guidelines on influenza vaccination should be followed

 In general, vaccinations pose a minimal risk for relapse of nephrotic 

syndrome; further, the protection gained greatly outweighs this risk



 A genetic diagnosis may generate new questions for families

 Whether or not to test other family members ?

 Benefits of genetic testing include the opportunity for early diagnosis 

through screening and for selecting the optimal therapy

 Risks include anxiety about test results, access to health insurance in 

some countries and the possibility of unexpected information about 

biological relationships among family members

 The universal right to not know, especially for clinically unaffected family 

members, should be respected







OUTLOOK

 Specific molecular pathways (altered in the underlying podocytopathy)

 Protect podocytes ( injury, detachment and loss)

 Stem cell therapy (pluripotent stem cells)

 Genetic modified cells

 Small interfering RNA therapeutics

 Cell regeneration
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