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ABSTRACT: Protein leakage through urine, at a level exceeding 3.5g per 1.7m^2 of body area 

per day, is a symptom characteristic of Nephrotic syndrome. It's a diverse condition with 

symptoms including edema, hypoalbuminemia (≤ 25g/L), albumin excretion greater than 40 

mg/m^2 per hour, uPCR ≥ 2,000 mg/g or 3+ protein in urine test. Springtime is when this 

syndrome is more common. A detailed literature review was conducted by using credible 

databases and scientific journals. This review concludes that in nephrotic syndrome, which is 

caused by metabolic and genetic defects, patients have to face proteinuria, edema, 

hyperlipidemia, and hypoalbuminemia. This study additionally focuses on the use of 

corticosteroids to treat nephrotic syndrome and the proper doses needed for effective therapy. 

Our study identified the complications related to nephrotic syndrome including the syndrome 

itself and post-treatment complications. Corticosteroids have been reported to side effect and 

relapse of nephrotic syndrome has also been identified as a health issue. 

Keywords: Nephrotic syndrome, corticosteroids, steroid-resistant nephrotic syndrome 

prednisolone, levamisole, cyclophosphamide 

Introduction 

Nephrotic syndrome is characterized by a condition in which protein is leaked through 

urine and its level rises above 3.5g per 1.7 m2 of the body area per day 1. It is a 

heterogeneous disorder characterized by edema, uPCR ≥ 2,000 mg/g or 3+ protein in 

urine test, hypoalbuminemia (≤ 25g/L), and albumin excretion greater than 40mg/m2per 

hour 2. This syndrome is more widespread in spring season 3. 

The kidney’s glomerular filtration barrier, consisting of the glomerular membrane and 

podocyte-layered epithelium, prevents protein loss [4]. Disruptions due to genetic 

defects, metabolic disorders, or infections lead to proteinuria [5]. Alterations in 

podocytes are main contributors to this dysfunction [6,7,8,9,10]. 

Illustration of nephrotic syndrome is shown in Figure 1. 

 

 

 

 

 Fig. I: Representation of Nephrotic syndrome (The human kidney is consisted 

of various layers and glomerular filtration barrier; the outer layer is epithelial layer 

made up of podocytes which encompassed the inner layer of endothelial cells. The red 

blood cells (RBCS) and albumin proteins are present under the layer of endothelial cells. 
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The breakdown of the filtration slit bridged between podocytes causes the leakage of 

protein and red blood cells in urine leading to nephrotic syndrome.) 

Classification 

Nephrotic syndrome can be primary or secondary, almost 10 cases are of secondary 

nephrotic syndrome and 90  are of primary nephrotic syndrome. Nephrotic syndrome 

is primarily classified into three major classes. These types include Minimal change 

nephrotic syndrome (MCNS), Focal segmental glomerulosclerosis (FSGS) and 

Membranous nephropathy (MN) 11. The detail of primary nephrotic syndrome and 

causes of secondary nephrotic syndrome is shown in Figure 2. 

 

 

 

 

 

 

 

 

 

Fig. II: Classification of nephrotic syndrome and their descriptions (Nephrotic 

syndrome is categorized into primary nephrotic syndrome and secondary nephrotic 

syndrome. The primary nephrotic syndrome is further categorized into Minimal 

change nephrotic syndrome that accounts for 85% cases, Focal segmental 

glomerulosclerosis accounting for 10% cases and Membranous Nephropathy that 

account for 4% cases; the causes of Secondary Nephrotic syndrome include infections, 

malignancies, miscellaneous and drugs). 

Causes 

Exact nephrotic syndrome’s causes are still unknown but according to some studies it 

involves immune dysregulation and structural abnormalities of the podocytes that are 

inherited 12. Early substantiation supported the disproportion of the T-helper 

responses 13 but the later studies show proofs of impaired T regulatory function, 

which also suggest variations in adaptive and innate immune responses 14. In adults 

of European countries, nephrotic syndrome is caused by membranous nephropathy 

which affects the filter of kidney and reduces kidney’s function. In countries of Africa, 

nephrotic syndrome is reported to be caused because of focal segmental 

glomerulosclerosis 15. 

Evaluation of Nephrotic Syndrome 

Analysis of nephrotic syndrome is evaluated by family and medical history, physical 

exam, urine tests, blood tests, renal biopsy and ultrasonography. In urine tests, urine 

sample of 24 hours is examined in which proteinuria is diagnosed 15, 16. The methods 
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of evaluation of nephrotic syndrome along with albumin, triglyceride and cholesterol 

ranges are given in detail in Table I. 

Table I: Methods for evaluation of nephrotic syndrome along with their standard 

ranges and indications. 

 

 

 

 

 

 

Complications of Nephrotic Syndrome 

Acute and chronic renal failure is the major problem of nephrotic syndrome. Bilateral 

renal vein thrombosis can lead to acute renal failure whose diagnosis can be done by 

ultrasonography 17. Brain, peripheral vessels and lungs can be affected by these 

complications which are caused due to dropping of protein in the urine. In nephrotic 

syndrome, immune system starts attacking its own cells 18. It also includes the 

reduction in plasma IgG synthesis due to its loss in urine that can cause bacterial 

infections 19. High temperature and abdominal pain are reported in 80 of the 

patients having nephrotic syndrome 20. Cellulitis is a serious bacterial skin infection, 

is also reported in patients. It usually appears on the lower legs, in it the skin becomes 

swollen, red and painful 21. Meningitis is also one of the problems, in which the 

protective membranes of brain and spinal cord become inflamed 22.  In nephrotic 

syndrome, immense retention of water and sodium is also a contributing factor towards 

complications  23. Protein loss through the urine is the major complication. In this 

syndrome, the whole body becomes swollen due to inflammations in many parts. 

Edema, swelling in legs, feet, hands and face can be caused by sodium retention 24. 

The urinary loss of albumin and loss of vitamin D binding protein, which causes 

vitamin D deficiency leading to bones weakness, has also been reported 25. Cerebral 

hemorrhage due to biochemical abnormalities is a severe complication that has been 

Evaluation of Nephrotic Syndrome 

 

Urine Tests 

 

Proteinuria Range Other Indications 

 

3+ or 4+ reading on dipstick 

Urine test can indicate 

the presence of casts, 

fats, epithelial cell and 

lipids which shows 

glomerular disorder 

and also presents 

creatinine ratio. 

 

Blood Tests 

 

 

Serum 

Albumin 

Cholesterol & 

Triglyceride 

level 

Other Indications 

Less than 

2.5g/dL 

It is highly 

increased if NS is 

present. 

Serological tests, 

Rheumatoid factor, 

cryoglobulins results 

indicate the 

secondary cause of 

nephrotic syndrome 

Ultrasonography It demonstrates renal echogenicity 

Kidney Biopsy Examination of kidney by taking small piece of kidney 

tissue  
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reported in the patients of nephrotic syndrome 26. Risks of heart attack in nephrotic 

syndrome patients because of hypertension are also elevated 27. 

Nephrotic Syndrome in Children 

Nephrotic syndrome mostly affects children, adults also suffer from it but very few 

cases have been cited so far. In children mostly MCNS and FSGS nephrotic syndrome 

occurs, MN is quite rare in children 28. In children, idiopathic nephrotic syndrome 

(INS) is the most common glomerular disease, with corticosteroids as the first-line 

treatment. Most children respond well to steroids and are reported as having steroid-

sensitive nephrotic syndrome, which typically causes frequent relapses, requiring 

repeated steroid cycles which can lead to significant side effects. In contrast, children 

who do not respond to steroids are diagnosed with steroid-resistant nephrotic 

syndrome, which may require second-line immunosuppressants, such as calcineurin 

inhibitors, to help control the disease. SR nephrotic syndrome can progress to 

multidrug resistance, often resulting in renal failure and a higher risk of relapse after a 

kidney transplant. For long-term side effects and to minimize complications, close 

monitoring of the patient's condition and steroid-sparing agents, i.e. levamisole, 

mycophenolate mofetil, and anti-CD20 monoclonal antibodies are used, to avoid severe 

complications and ensure significant treatment [29]. In children affected from nephrotic 

syndrome, hyperactive platelets are observed. Most of the affected children have 

steroid – sensitive nephrotic syndrome and about 20 of children have steroid-resistant 

nephrotic syndrome 30. Nephrotic syndrome which manifests at birth, known as 

congenital nephrotic syndrome, is acute and non-treatable 31. 

Nephrotic Syndrome in Adults 

Bacterial peritonitis with nephrotic syndrome is not common in adults 32, only 14 

cases have yet been reported 3. In teenage groups, there is no specific difference 

between genders but in younger groups, nephrotic syndrome is more common in boys 

than girls 33. Edema is a common complication of nephrotic syndrome that requires 

diuretic treatment. However, factors such as poor drug compliance, renal perfusion 

issues, changes in renal function, and electrolyte imbalances can lead to diuretic 

resistance (DR). DR can result in higher mortality, increased readmission rates, and 

ineffective diuretic use. Managing hypervolemia is crucial, as proteinuria and 

hypoalbuminemia cause fluid extravasation, triggering neurohormonal mechanisms 

that increase salt and water retention. While diuretics and human-albumin infusion 

were traditionally recommended, recent studies show a kidney-limited sodium-

reabsorption mechanism activated by serine proteases and ENaC channels. Loop 

diuretics remain the first-line treatment, but patients may develop resistance due to 

factors like kidney dysfunction, poor compliance, and high-sodium diets. Overcoming 

DR may involve adding new diuretics, ultrafiltration, adjusting diuretic doses, or using 

sequential nephron blockade. ENaC blockers have been reported as promising 

potential treatments for nephrotic edema. Clinicians should focus on addressing the 

underlying causes of DR to prevent complications and improve treatment outcomes in 

adult nephrotic syndrome patients [34]. 

Therapeutics for Nephrotic Syndrome 

Corticosteroids and non-corticosteroids both can be used to treat nephrotic syndrome. 

Both treatment approaches have its beneficial and side-effects on the patients 35. The 

treatment along with benefits and drawbacks of non-corticosteroids and corticosteroids 

are discussed in detail as follows: 
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Non-Corticosteroids: 

At early phases, non-corticosteroid therapies for nephrotic syndrome have received 

limited attention. To date, only a few trials have looked into these alternatives. The only 

published trial that focused on a non-corticosteroid treatment during the initial phase 

was a noteworthy study by Hoyer and Brodehl (2006), which demonstrated that 

ciclosporin did not change the development of the disease when compared to 

conventional corticosteroid dose. Ongoing research, however, attempts to close this gap 

by assessing the possible early intervention benefits of medications often used in 

relapsing disease. Studies are being conducted to evaluate alternatives to 

corticosteroids. Initiated in 2016, the multi-center, placebo-controlled, double-blind 

LEARNS and NEPHROVIR3 (NCT02818738) trials examine the use of levamisole at the 

onset of idiopathic nephrotic syndrome. A low-risk immunomodulatory drug called 

levamisole exhibits promise for its ability to alter illness. The effectiveness of early 

mycophenolate mofetil (MMF) administration in comparison to conventional 

corticosteroid therapy is being assessed by the open-label RCT known as the INTENT 

trial. Furthermore, the RITURNS study supports the use of rituximab as the first 

steroid-sparing agent, with additional confirmation expected from a Japanese placebo-

controlled trial. A French study is currently evaluating rituximab as a first-line 

treatment for adult minimal change nephropathy, which could inform pediatric 

approaches [36]. The non-corticosteroids treatment of nephrotic syndrome includes the 

diuretic drugs, ACE Inhibitors, statins, vaccines and adequate diet and supplements. 

Diuretic Drugs 

Diuretic drugs are firstly used for nephrotic syndrome, such as loop diuretics which 

prevent reabsorption of sodium in loop of Henle, so that loss of sodium can be reduced. 
Some factors disrupted in nephrotic syndrome, such as sodium intake, plasma protein 

levels, and renal perfusion, influence its effectiveness 35. In 2015, Qavi and his 

coworkers recommended tailored diuretic strategies in nephrotic syndrome, including 

sequential nephron blockade with loop diuretics and distal-acting agents for refractory 

edema. They also recommend albumin infusions with loop diuretics in cases of severe 

hypoalbuminemia to improve renal diuretic delivery. 

Diuretic resistance is a common complication of nephrotic syndrome, especially when 

there is severe hypoalbuminemia or impaired renal function. Resistance could result 

from compensatory mechanisms like increased sodium reabsorption in distal nephron 

segments or altered diuretic pharmacokinetics. To overcome resistance, consider using 

higher doses, combining diuretics (e.g., loop and thiazide diuretics), and addressing 

underlying causes such as high sodium intake or poor treatment adherence. 

New therapeutic agents, such as ENaC blockers (e.g., amiloride), could be useful 

additions to diuretic regimens. These drugs target sodium reabsorption in the distal 

nephron and may be used as supplements for patients who do not respond to 

conventional treatments. Furthermore, ultrafiltration is being considered as an option 

for patients with severe, treatment-resistant hypervolemia. This therapy is effective 

mostly in children but only in those patients who are at very early stage. Heavy number 

of diuretic drugs can cause secondary renal failure and thromboembolism 37. 

Diuretics basically reduce edema 38. 
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Angiotensin-Converting Enzyme Inhibitors (ACE Inhibitors) 

Various studies have shown that ACE inhibitors are helpful in the reduction of 

proteinuria. ACE inhibitor and Angiotensin II receptor blockers are the important 

players of therapy against nephrotic syndrome 39. Researchers suggest the treatment 

of 12 weeks with these two to reduce proteinuria. These two also reduce loss of 

podocytes and lower the risk of renal failure 11. 

Adequate Diet and Supplements  

Due to excessive loss of protein, sodium and water in patients of nephrotic syndrome, 

the nutritional imbalance prevails in most cases. To overcome this problem, adequate 

diet and proper intake of vitamins and additional nutrient supplements must be taken 

by the patients. Several studies suggest that, patients with nephrotic syndrome should 

be taking a diet which has low salt contents 40. Diet as a therapy has been found 

effective to some extent but this lacks specificity and can have severe side effects 

because of nutritional imbalance in different cases 11. 

Corticosteroids  

Corticosteroids are the synthetic hormones. Corticosteroids are accessible in different 

versions like oral tablets, injections, gels and inhalers. They are used as anti-

inflammatory drugs that prevent the production of inflammatory proteins. 

Corticosteroids reduce inflammation in the digestive tract; on the other hand, they 

lower the functioning of the immune system hence automatically reducing immunity 

against pathogens 41. 

Management of Nephrotic Syndrome  

Treating nephrotic syndrome with steroids was the crucial challenge in the 20th century 

42. Use of corticosteroids for the treatment of nephrotic syndrome depends on the 

choice of physician 43. For treating nephrotic syndrome, detailed examination should 

be recorded like physical evaluation for detecting disorders and infections 44. About 

80 to 90children respond to corticosteroids but 20-30 become steroid-dependent 

45.  

Corticosteroid therapy used for the treatment of children having steroid sensitive 

nephrotic syndrome has been observed to be more beneficial as it completely remits the 

syndrome but in case of steroid resistant nephrotic syndrome, children do not achieve 

complete remission from disease. In complete remission patient’s clinical tests show 

uPCR < 200mg/g or less then 1+ protein in urine test for 3 successive days 46,  and 

partial remission is considered when uPCR is between 200 and 2000 mg/g and 

proteinuria reduces to 50 47. 

Treatment for the Early-Stage Steroid-Sensitive Nephrotic Syndrome 

Kidney Disease Improving Global Outcomes (KDIGO) workgroup in 2012 recommend 

the use of corticosteroid therapy for at least 12 weeks. They also suggested that oral 

prednisone is administered as a single daily dose that have to be started as 2mg/kg/day 

to a maximum 60mg/day and this has to be given for 4 to 6 weeks, followed by alternate 

day medication and continued for 2 to 5 months with reducing the dose. Studies 

recommend that daily prednisone should be given to children for at least 4 weeks based 

on randomized controlled trials (RCT) so the 8 weeks that contain 4 weeks of daily 

prednisone and 4 weeks of alternate day may prove remarkably more productive in 
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sustaining remission at 6 and 12 months 48. Children who don’t respond to steroids 

usually have FSGS nephrotic syndrome 49. 

Management of Relapsing Steroid Sensitive Nephrotic Syndrome 

Most of the children suffering from nephrotic syndrome respond effectively in the early 

ages but the repeated courses of steroids due to relapses, cause high steroid toxicity. 

Patients, who often undergo relapses, develop steroid dependent nephrotic syndrome, 

so an alternative treatment is required for them 50, 51. According to an estimate 70 

percent relapses in patients follow the upper respiratory tract infection 52. Chinese 

medical herb “TIAOJINING” and “Astragalus Decoction” play role in preventing these 

infections and proteinuria, edema and other all symptoms will be solved after one year 

52, 53. 80 to 90 percent children affected from steroid sensitive nephrotic syndrome 

have chance of relapses 54. Experimental studies suggest that low dose of prednisone 

to the patient on alternate days, which should be about 0.48mg/kg and daily prednisone 

of about 0.25mg/kg, reduces the risk of relapses. Kidney Disease Improving Global 

Outcomes (KDIGO) workgroup proposed alkylating agents for periodically relapsing 

nephrotic syndrome 55. 

Drugs for preventing frequent relapses 

The most beneficial and effective drugs for preventing frequent relapses are 

prednisolone, levamisole, cyclosporine, cyclophosphamide and mycophenolate 

mofetil. Levamisole and cyclosporine are the first alternative treatment for the steroid 

dependent nephrotic syndrome 56. The workgroup of KDIGO also suggested 

levamisole as a corticosteroid agent and the suggested dose of levamisole is 2.5mg/kg 

on alternate days for at least 12 months as in most cases children suffer relapses if the 

dose of the levamisole is stopped suddenly 55. Five RCTs showed that by not 

continued use of levamisole, the risk of relapses can be lowered to 57 percent, so it is 

suggested that levamisole should be taken for 12 to 24 months 2. Levamisole is 

effective in reducing the relapse rates and the steroids dosage for steroid dependent 

nephrotic syndrome affected patients 57. The recommended dosage of cyclosporine 

should be 4 to 5mg/kg/day for reducing relapses. Studies have shown that cyclosporine 

retains remission in almost 60 to 90 percent of children undergoing relapses after 

alkylating agent therapy 56. 

Cyclosporine is the inhibitor which represses the immune response causing reduction 

in the synthesis of cytokine genes 58. Use of cyclosporine therapy for a long time in 

low amount is effective but its withdrawal will lead to relapses, so treatment needs 

regular monitoring 59.Therapy with levamisole and cyclosporine is a long-term 

treatment, but have less few side effects than others 60. Cyclophosphamide and 

cyclosporine are very effective in reducing relapses 61. However, levamisole is 

regarded as the less costly and less toxic 62. Table II shows different drugs along with 

their recommended dosage to prevent relapses. 

Table II: Different drugs along their recommended dosage to prevent relapses 5, 48, 

55, 56, 63 

               Drugs       Dosage    Time 

Period 
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Recent research has indicated that the monoclonal antibodies directed to B cell, like 

rituximab, can prove to be a better therapeutic option 64. A case study has shown that 

eight doses of rituximab along with cyclosporine causes recurrence of syndrome and 

proteinuria in just 11 months 65.  Those patients that don’t really show response to 

cyclosporine A and cyclophosphamide, some alternative treatment options are 

available for them. Some of them are pulse methylprednisolone along with inhibitors 

66. The long-term treatment of nephrotic syndrome with prednisone can cause 

excessive weight gain and growth retardation 67 .  

Recent Therapies 

The recent therapy of immunosuppression is beneficial for immune mediated disease 

but not very effective in monogenic disease 68. One of the current effective therapies 

is the use of anti-CD20 monoclonal antibodies 69, 70 and anti-B7-1 monoclonal 

antibody 71 for treatment of idiopathic nephrotic syndrome. A single-dose AAV gene 

therapy targeting renal podocytes has been shown to be useful in treating steroid-

resistant nephrotic syndrome by restoring podocyte function [72]. Rituximab is 

reported as a safe first-line and effective treatment of pediatric idiopathic nephrotic 

syndrome, maintaining and increasing remission [73]. Transcutaneous auricular vagus 

nerve stimulation is reported as a well-tolerated and promising therapy for treating 

steroid-resistant and frequently relapsing nephrotic syndrome in children, resulting in 

reduced proteinuria and clinical remission, respectively [74]. It is reported that blocking 

the PAR-2 receptor, which regulates the passage of albumin in the kidney's filtering 

units, could potentially be a treatment for kidney diseases [75]. Combination therapy 

with valproic acid and all-trans retinoic acid has been suggested as a potential approach 

for drug repurposing to improve renal function [76]. Azithromycin is reported as a new 

treatment for suppressing relapses in children having idiopathic nephrotic syndrome, 

it reduces the risk of long-term treatment 77. 

CENSUS Survey Data 

The Statistics Canada Census data survey from 2001-2011 for children ages 1-18 have 

shown a data of 711 children suffering from nephrotic syndrome for comparing the 

ethnic differences in long term outcomes 78. The largest ethnic groups are shown in 

Figure 3. Over 10-year time period, South Asians had higher incidence of nephrotic 

syndrome as compared to Europeans and East Asians had smaller incidence as 

compared to Europeans. But the chances of relapses are higher in Europeans as 

1. Prednisolone 60mg daily,40mg on 

alternate days 

4 weeks 

2. Levamisole 

 

2.5mg/kg on alternate days 6 months 

3. Cyclosporine Dosage of 2.5mg/kg  1 year 

4. Cyclophosphamid

e 

3mg/kg/day along with 

60mg/m2on alternate days 

 8 weeks 

5. Mycophenolate 

Mofetil 

1200 mg/m2/day 

 

Twice a 

day for 

12 

months 
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compared to South Asians and East Asians. The census data survey for patients having 

nephrotic syndrome in various regions according to Canada Census data survey (2001-

2011) is presented in Figure 3. 

 

 

 

 

 

 

 

 

 

Fig. III: Incidence of Nephrotic Syndrome among children of largest ethnic groups 

(The statistics reported that a higher percentage; 33% of South Asian children has 

incidence of nephrotic syndrome while European children has 24% incidence, East 

Asians has 10% chances while children of other regions collectively also have 33% 

chances of suffering from nephrotic syndrome) 

Liabilities of Corticosteroids  

Therapies for patients of steroid dependent nephrotic syndrome causes many 

side effects which include obesity, osteoporosis, glaucoma, hypertension and psycho 

emotional changes 79. Mostly levamisole does not really cause any side effect but in 

some cases, reversible leucopenia, seizures and liver toxicity has been observed. Use of 

levamisole for relapses upsets the gastrointestinal system to some extent. Cutaneous 

vasculitis, in which medium and small sized vessels are affected in the area of skin, is 

appeared in some rare cases by using levamisole 80, 81. Cyclosporine can cause 

hypertension, kidney dysfunction and diabetes 82. Children taking cyclosporine for 

more than 12 months are reported having tubulointerstitial lesions on kidney biopsy 

83. Corticosteroids also cause behavioral abnormalities among children. It induces 

aggression and attention problems 84. Use of cyclophosphamide is a cytotoxic 

treatment that can result in infertility 85. In the long-term steroid therapy, ocular 

complications and raised ocular pressure has been identified in many cases 86. Due to 

corticosteroids therapy, patients had faced growth retardation in some of the cases 87, 

88. Main reason for growth retardation is the loss of insulin like growth factors 89. 

Corticosteroids weaken the bones thus fractures can occur very easily 90. Even the 

low dosage of corticosteroids causes moon face which even lasts after weeks of totally 

leaving corticosteroids 91. Rituximab also causes serious complications of serum 

sickness which is an allergic reaction 92 and injury of lungs 93, 94. Mycophenolate 

mofetil (MMF) causes blood and blood forming organs disorder 95. The excess dosage 

of corticosteroids also causes Cushing syndrome which includes non-cancerous tumor 

formation 96.  

Response of patients towards Corticosteroids in Pakistan 
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The patient’s response to corticosteroids treatment for nephrotic syndrome in 

Pakistan is presented in Table III. 

Table III: Responses of nephrotic syndrome patients towards corticosteroids in 

Pakistan 97, 98, 99, 100, 101, 102 
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usage, such as dependency and other adverse effects. Recent clinical trials have shown 

that low-dose corticosteroid regimens administered on alternate days can effectively 

control the syndrome while reducing the risk of relapse and side effects.  In order to 

prevent withdrawal symptoms and relapse, it is essential to reduce the dosage 

gradually for the best results. To maintain a balance between safety and effectiveness, 

future studies should concentrate on improving corticosteroid regimens and 

investigating alternative medicines. 
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