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ABSTRACT 

Nephrotic Syndrome (NS) is a common kidney disorder in adults and children. It is 

responsible for significant morbidity and mortality among children globally. The 

prevalence of childhood NS varies in different population from 12–16/100,000 

children affecting all ages and ethnic background. In western countries, the incidence 

of Nephrotic Syndrome is a 2-3/100,000 child which is slightly higher in population 

with south Asian origin i.e. 2- 7/100,000. In United States, 2-7 cases per 100,000 

children younger than 16 years are reported annually. However, in India the exact 

incidence and prevalence of this disease are still unknown. 

 The corticosteroids are used as first line treatment of NS. The most of the children 

with NS initially respond to steroids and achieve remission of proteinuria following 4-

6 weeks of treatment with steroids.  However, 10-15% patients do not achieve 

complete remission and are categorised as steroid resistant Nephrotic Syndrome 

(SRNS) patients. Recent studies have indicated significant increase in the number of 

steroid resistant Nephrotic Syndrome particularly in Southeast Asia.
  

SRNS is predominantly treated with calcineurin inhibitors (CNI) drugs like 

Cyclosporine and Tacrolimus. The Tacrolimus is an immunosuppressive drug that is 

being prescribed mainly to avoid rejection of organ transplantation. A rigorous 

literature review revealed that despite its significant clinical use, the pharmacokinetics 

data and its correlation with therapeutic efficacy is very limited in relation to the 

Indian paediatric population. It is pertinent to mention that in India, no major studies 

have been published to find out the trough concentration of Tacrolimus in children 

with SRNS. The therapeutic dose of Tacrolimus for the treatment of SRNS is 

extrapolated from kidney transplant patients which appear to be relatively high in the 

treatment of SRNS. Further, the Tacrolimus has a very narrow therapeutic range 

which means that a minor decrease in drug dose may affect the treatment and on the 

other side a minor increase in drug dose may cause nephrotoxicity. The clinical 

management of SRNS remains a challenging task for nephrologist due to various side 

effects related to immunosuppression such as infections, nephrotoxicity, cytopenia 

neurotoxicity and malignancies. Further, the hypoalbuminemia in SRNS may lead to 

reduced protein binding, and gut edema can lead to uneven absorption of the drug 
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which may also be a cause of an altered volume of drug distribution or clearance. 

Hence, regular therapeutics monitoring of drug is utmost important for the safety and 

efficacy during the treatment. As the AUC of drug requires multiple samplings, so   

due to these ethical and procedural limitations the Trough concentrations monitoring 

of drug has become the popular method in children for monitoring the toxicity and 

efficacy in clinical practice today.  

The present study was undertaken to evaluate the trough level of Tacrolimus with 

SRNS and its correlation with treatment outcomes in 60 children. Trough level of 

Tacrolimus was measured after a minimum of 12 weeks of treatment using Particle-

Enhanced Turbidimetric Immunoassay (PETIA). Haematological and biochemistry 

tests were also done on blood and urine samples of 60 pediatric patients of SRNS at 

the diagnosis and after 12 weeks of treatment. The initial outcome of treatment in 

patients was decided after minimum 12 weeks as per ISPN guidelines. [1] 

The results of laboratory investigations presented that 81% (49/60) of patients had 

complete remission while 7% (4/60) were in partial remission and 12% (7/60) were in 

non-remission state after minimum 12 weeks of initial treatment with Tacrolimus. 

The mean trough level of Tacrolimus of (n=60 patients) after a 12 weeks of 

Tacrolimus treatment was found 6.6±2.2 ng/mL. The mean C0 of Tacrolimus was 

higher in the remission group than in the non-remission group (7.0 ng/ml, versus 4.18 

ng/ml, (p=0.004). The mean C0 of Tacrolimus in partial remission group was 5.8 

ng/ml. The mean drug dose of Tacrolimus in patients with remission (n=49) was 0.11 

mg/kg/daily and the mean dose of Tacrolimus in partial remission and non-remission 

patients was found 0.10 mg/kg/daily.  

A significant correlation between three important laboratory parameters i.e. C0 of 

Tacrolimus (p=0.004) UP: UC ratio (p=<0.001), and serum albumin level (p=<0.001) 

was observed in remission, partial remission, and non-remission groups. 63% patients 

(n=38/60) were late resistant to steroid treatment while 38% (n=22/60) were initial 

resistant. The mean age at onset of diseases was 67.08 months. The male children 

were higher at 63% (n=38/60) while female children were 37% (n=22/60).  The 

Kidney biopsy was done in 43.3% (n=26/60 patients).  
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The results of kidney Biopsy presented that minimal change disease (MCD n=17/26) 

was the most common histological diagnosis, followed by Focal Segmental 

Glomerulosclerosis (FSGS n=9/26). The edema was noted in the majority of patients 

at the onset of the disease.  

Significant correlation was found between Serum albumin and Serum cholesterol 

between different groups. Many related clinical conditions like Edema 43.3% 

(n=26/60), Hypertension 16.6% (n=10/60), Hematuria 17.6% (n=9/60), Oliguria 6.6% 

(n=4/60), Fever 11.6% (n=7/60), Joint pain 5% (n=3/60), rashes 3.3% (n=2/60) were 

noted in patients during SRNS treatment. The major side effect of Tacrolimus noted 

during treatment were heartburn/acidity in 28.3% (n=17/60), loss of appetite, 23.3% 

(n=14/60), Nausea 13.3% (n=9/60), Hypertension 16.6% (n=10/60). No patient had 

hypertrichosis. The QC results of Particle-enhanced Turbidimetric Immunoassay 

(PETIA) were consistent and reported within 2±SD.  

We could demonstrate that children with SRNS in remission had higher trough level 

of Tacrolimus compare to children with partial and non-remission patients. Trough 

level of Tacrolimus negatively correlated with protein excretion and positively 

correlated with serum albumin levels. It is concluded that regular monitoring of 

trough level of Tacrolimus in SRNS may play an important role in treatment 

outcomes. The PETIA can be an alternative to LCMS in diagnostic settings. However, 

a pharmacokinetic study with large sample size and a long term follow-up with more 

patients is required to substantiate our findings.  
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protein >1000 mg/m2/day; albumin <3.0 g/dl or edema 

Relapse Urine albumin 3+/4+ for 3 consecutive days, Up/Uc>2, 

or 24-hr protein >1000 mg/m2/day, in a patient 

previously in partial or complete remission  

Monogenic Disease Pathogenic or likely pathogenic variation, defined by 

American College of Medical Genetics and Genomics, in 

a gene associated with Nephrotic Syndrome. 

CNI-resistant Disease Non-response to Cyclosporine or Tacrolimus, given in 

adequate doses and titrated to blood levels, for 6-months  

CNI Calcineurin inhibitor 

UP: UC Urine protein to Urinary Creatinine ratio (mg/mg) 
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1. INTRODUCTION 

1.1 Nephrotic Syndrome:  

The Nephrotic Syndrome (NS) is a common renal disorder in children. It is a clinical 

manifestation of glomerular diseases. The glomeruli (tiny blood vessels) are filtering 

units of the kidney and the damage of glomeruli causes kidney to release too much 

protein into urine. The common characteristics of Nephrotic Syndrome are nephrotic 

range proteinuria: (40 mg/m
2
/hr or >1000 mg/m

2
/day; spot UP/UC >2 mg/mg; 3-4+ 

by dipstick); hypoalbuminemia (albumin <3 g/dL; and edema [1].  

1.2 Incidence & Prevalence:   

The prevalence of childhood Nephrotic Syndrome (NS) varies in different population 

from 12–16/100,000 children. It affects all ages and ethnic background. The reported 

incidence of Nephrotic Syndrome is 2-3/100,000 children in western countries, 

slightly higher in 2- 7/100,000 in south Asian origin [2]. In the United States, the 

reported annual incidence rate of Nephrotic Syndrome is 2-7 cases per 100,000 

children younger than 16 years. The cumulative prevalence rate is approximately 16 

cases per 100,000 individuals. The incidence of Nephrotic Syndrome (NS) is 1·15–

16·9 per 100, 000 children, varying by ethnicity and region [3]  

1.3 Pathophysiology of Nephrotic Syndrome:  

The common characteristics of Nephrotic Syndrome are massive proteinuria, 

hypoalbuminemia, hyperlipidemia and edema. The albumin helps to carry various 

substances including hormones, vitamins and enzymes throughout body and also 

helps to pull extra fluids to kidneys which is released into urine. The loss of protein 

(albumin) causes body to retain extra fluids which causes swelling (edema) in ankles, 

face, eyelids, legs and feet.  
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Figure No.1-Flow Chart showing Pathophysiology of Nephrotic Syndrome 

 

1.4 Classification of Nephrotic Syndrome: 

a) General classification: A broad classification of Nephrotic Syndrome 

based on underlying causes 
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b) Histopathological Classification 

 

1.5  Etiology of Nephrotic Syndrome:  

1.5.1 Primary Nephrotic Syndrome: There are few conditions when the only 

kidneys are affected due to nephrotic syndrome. These conditions are 

categorised primary causes of Nephrotic Syndrome. The following are major 

conditions of primary Nephrotic Syndrome. 

a) Focal Segmental Glomerulosclerosis (FSGS): This is the condition when 

glomeruli are damaged due to genetic defect or an unknown reason.   

b) Minimal change disease (MCD): the kidney tissue appear normal in a biopsy 

report under microscope in this condition, yet it does not filter properly due to 

some unknown reason. 

c) Membranous nephropathy: In this condition, the membranes in the 

glomeruli thicken. However, the causes of thickening are not known, but 

sometimes it may occur due to lupus, hepatitis B, Cancer or Malaria. 

d) Renal Vein thrombosis: In this disorder a vein that drains blood out of the 

kidney is blocked due to blood clot.  

1.5.2  Secondary Nephrotic Syndrome: There are many other secondary reasons of 

Nephrotic Syndrome which affects entire body and causes due to many 

diseases like Diabetes, Lupus, and amyloidosis etc.  

a) Diabetes: In this disease, the uncontrolled blood sugar may damage blood 

vessels in the kidneys.  
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b) Lupus: The Auto-immune disease like Lupus can causes inflammation in the 

joints, kidney and other organs.  

c) Amyloidosis: This is a rare disease caused due to build-up of the protein 

amyloid in organs that can damage kidneys also.  

d) Medication: Some drugs including non-steroidal anti-inflammatory drugs 

(NSAID) have also been linked to NS. 

The Primary and secondary both types can occur in children, however primary 

Nephrotic Syndrome is most common. Few Children may also have congenital 

Nephrotic Syndrome which happens in the first 3 months of life. This can be due to 

inherited genetic defect or may be due to an infection just after birth. Children with 

this condition may eventually need a kidney transplant. Infantile Nephrotic Syndrome 

happens from 3 to 12 months and Childhood Nephrotic Syndrome occurs 12 months 

or older. 

1.6  Diagnosis of Nephrotic Syndrome:  

The clinical laboratory tests play an important role in timely diagnosis of Nephrotic 

Syndrome. The Clinical Criteria for Diagnosis of Nephrotic Syndrome was followed 

as per ISPN guidelines [1]. The following laboratory tests are required to diagnose 

Nephrotic Syndrome- 

Urine Examination for Nephrotic range proteinuria : (40 

mg/m
2
/hr or >1000 mg/m

2
/day)  

a. Spot UP:UC                         : >2 mg/mg;  

b. Urinary Protein by dipstick : 3-4+  

c. Serum albumin                    : <3.0g/dL 

d. Edema                                 : Present 

 

Fig No. 2 Clinical Criteria for Diagnosis of Nephrotic Syndrome 
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Several other blood tests are performed to see the level of serum Total protein and 

albumin, Kidney function Tests (KFT), serum cholesterol and triglycerides levels. 

1.7 Treatment & Clinical Management of Nephrotic Syndrome:  

The treatment of the Nephrotic Syndrome is done to treat the conditions that causes 

Nephrotic Syndrome and to control the symptoms of this syndrome. 

a) Treatment of Diseases:  6-weeks therapy with prednisolone at daily dose of 

60 mg/m² is given for the treatment of Nephrotic Syndrome. 

b) Supporting treatment: A variety of medicines are given for clinical 

management and control of symptoms  

c) Blood Pressure Medications: This is required to control blood pressure and 

to reduce the amount of protein loss in to urine. These medicines includes 

angiotensin-converting enzyme inhibitors and angiotensin II receptor blockers. 

d) Diuretics: Diuretics cause your kidneys to release extra fluids which helps in 

reducing swelling. 

e) Statins: These drugs lower cholesterol levels. Few examples includes 

atorvastatin, calcium, lovastatin etc. 

f) Blood Thinner: In case any blood clot is reported in kidneys, medicines are 

given to reduce the blood ability to clot like heparin and warfarin.  

g) Immune System Suppressants: These drugs are helpful for keeping immune 

system under control and for treating underlying condition like lupus. 

1.8 Steroid Resistant Nephrotic Syndrome (SRNS):  

SRNS is a clinical condition patients with Nephrotic Syndrome do not achieve 

complete remission after 6 weeks of treatment with steroids and categorised as steroid 

resistant Nephrotic Syndrome (SRNS) [4]. The Management of Steroid Resistant 

Nephrotic Syndrome requires combination of medicines like immunosuppressants, 

angiotensin converting enzyme inhibitor, low dose steroids and statin etc. Failure of 

immunosuppressive medications leads to a high risk of developing end stage renal 



 

6 
 

disease (ESRD). Recent studies have indicated significant rise in the number of 

steroid resistant Nephrotic Syndrome particularly in south-east Asia. 

1.9 Diagnosis of SRNS:  

The clinical criteria for diagnosis of SRNS is following:  

a) Initial steroid-resistance: It is based on steroid treatment outcomes. Initial 

steroid-resistance is failure to achieve complete remission after 6-weeks‟ 

treatment with prednisolone at a dose of 60 mg/m
2
/day (2 mg/kg/day; 

maximum 60 mg/day) [1].  

b)  Late (secondary) steroid-resistance: Such patients are initially reported as 

steroid-sensitive and become steroid resistance in a subsequent relapse. 

Patients with steroid toxicity are prescribed daily prednisolone for 4 weeks, 

followed by alternate-day therapy for 2 weeks [1]. 

1.10 Treatment and Management of SRNS:  

The immunosuppressive drugs like Tacrolimus and Cyclosporine along with steroids 

and supporting medicines are given for the treatment and clinical management of 

SRNS. As a part of proper clinical management, regular therapeutic drug monitoring 

is also done to optimise treatment dose and avoid toxicity of drug [1]. 

1.11 Identification of Research Problem:  

Tacrolimus is an immunosuppressive drug that is being prescribed for organ 

transplant patients to prevent the rejection of the organ. It is also being prescribed as 

an important drug for the treatment of SRNS in children, yet despite its significant 

clinical use, the pharmacokinetics data and its correlation with therapeutic efficacy is 

very limited in the paediatric population [5]. No major studies have been done to find 

out the trough concentration in steroid-resistant Nephrotic Syndrome (SRNS) in 

Indian children.The therapeutic dose of Tacrolimus for the treatment of SRNS is also 

extrapolated from kidney transplant patients.  

Treatment and clinical management of children with SRNS remains very challenging 

due to the absence of a defined dose of the drug. Further, the Tacrolimus has a very 
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narrow therapeutic range which means that a minor decrease in drug dose may affect 

the treatment and on the other side a minor increase in drug dose may cause 

nephrotoxicity. The management of SRNS remains a challenging task for 

nephrologist due to various side effects related to immunosuppression such as 

infections, nephrotoxicity, cytopenia neurotoxicity and malignancies.  

The published data also shows that the therapeutic range of Tacrolimus appears to be 

comparatively very high in organ transplant patients. The constant and reliable 

therapeutic monitoring of given drug level is utmost important to avoid toxicity effect 

of drug and to evaluate the safety and efficacy of treatment. Thus the need of the 

study was to evaluate the trough level of the Tacrolimus with treatment outcomes for 

better patient care and management of SRNS in Children with SRNS. 

1.12 Research Questions:   

Whether the clinical efficacy of Tacrolimus and treatment outcomes is related to the 

trough level of Tacrolimus in Children with steroid-resistant Nephrotic Syndrome 

(SRNS)? 

What should be the desired therapeutic level of Tacrolimus to be maintained for 

children with steroid-resistant Nephrotic Syndrome?  

Is there any major side effect of Tacrolimus in patients with SRNS?  

Does the Particle-enhanced Turbidimetric Immunoassay (PETIA) can be an 

alternative to LC-MS in therapeutic drug monitoring? 

1.13 Null Hypothesis (H0):  

There is no relationship in treatment outcomes between clinical efficacy and trough 

level of Tacrolimus in Children with steroid-resistant Nephrotic Syndrome (SRNS). 

1.14 Research Hypothesis:  

There is a relationship of clinical efficacy and trough level of Tacrolimus in Children 

with steroid-resistant Nephrotic Syndrome (SRNS) 
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2. REVIEW OF LITERATURE 

2.1 History of Nephrotic Syndrome:  

Nephrotic Syndrome [NS] is a clinical manifestation of glomerular diseases that is 

characterized by heavy proteinuria, hypoalbuminemia and edema [6]. This concept 

took centuries to be established as a basis for diagnosis and treatment of NS. There is 

a long history of observations and interpretations. It is only in the mid of 19
th

 century 

when an effective treatment and diagnosis approaches were established with the 

advent of latest diagnostic methods, steroids, antibiotics, diuretics and immune-

modulators etc. However there is still gap in the understanding about its etiology and 

treatment approaches for steroid resistant form of the disease.   

Nephrotic Syndrome has emerged over thousands of years. Although, the roots of 

diseases are available from classical Greece era as generalized oedema (dropsy) in 

adults has been known from classical times. One sagacious observation was made by 

Hippocrates during 460 B.C to 375 B.C about the Nephrotic Syndrome that 'when 

bubbles settle on the surface of the urine, it indicates disease of the kidneys and that 

the complaint will be protracted' [7].  

Swelling of whole body of the child has been described previously in the book “Liber 

de aegritudinibus infantium” written by Cornelius Roelans in 1484 as 51
st
 disease 

among 52 diseases of the children. [8]   

After almost 250 years, Theodore Zwinger III of Basel (1658-1724) in his 

Paedoiatreia practica of 1722 presented a remarkable and early description of the 

Nephrotic Syndrome [9]. This text is known to some historians of pediatrics, but has 

been completely ignored by nephrologists. [10]  

Later in the eighteenth century several observers including Cruikshank, Cotugno, 

Wells, and Brande noted coagulability of urine in the patients [11] 

Richard Bright (1827) described Nephrotic Syndrome as triad of generalized edema, 

proteinuria, and kidney disease [12].  
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In 1905, Müller created the term „nephrosis‟ and described all non-inflammatory 

diseases of the kidney [13].  

The renal biopsy was introduced in clinical nephrology practice in 1950 which 

improved the knowledge and understanding of this disorder further. [14]  

The Study by Bhandari, et al was one of the original published work on NS from 

India which evaluated the effect of treatment with long term oral steroid therapy. [15]  

Indian Expert group on Paediatric Nephrology framed treatment guidelines on steroid 

sensitive Nephrotic Syndrome in 2001 which were revised in 2008 [6]. The consensus 

guidelines were formulated by Indian Paediatrics experts on SRNS in 2009 and which 

were subsequently revised in 2021 [16].  

Similar, evidenced based guidelines were also formulated by an international group 

the Kidney Diseases; improving global outcomes (KDIGO) [17] 

 In the majority of patients, the cause is idiopathic and in less than 10% patient‟s 

secondary causes are SLE, Hepatitis-B, hepatitis-C, HIV, HSP and amyloidosis etc. 

The renal histology of the Nephrotic Syndrome includes Focal segmental 

glomerulosclerosis (FSGS) 40-50%, minimal change disease (MCD) in 25-40%, and 

mesangioproliferative glomerulonephritis in 5-8%. [18]  

As per published data, there are many other secondary reasons of Nephrotic 

Syndrome which affects entire body and causes due to many diseases like Diabetes, 

Lupus, and amyloidosis etc. The hypertension, steroid induced obesity, 

hypoalbumnemia due to protein loss, oxidative stress, recurrent infections and 

calicineurin inhibitor therapy contribute to endothelial dysfunction. [19, 20]. 

2.2 Incidence and prevalence of Nephrotic Syndrome:  

The incidence of NS varies in different region and ethnic groups and it affects all ages 

and ethnic background. The prevalence of childhood Nephrotic Syndrome (NS) varies 

in different population from 12–16/ 100,000 children [21]. The reported incidence of 

Nephrotic Syndrome is 2-3/100,000 children in western countries, slightly higher in 

2- 7/100,000 in south Asian origin [22]. The majority of patients of Nephrotic 
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Syndrome are idiopathic while a small proportion of cases may be secondary or 

congenital [23].  

2.3 Histology of Nephrotic Syndrome:  

The common causes of Nephrotic Syndrome in children consist of minimal change 

disease (MCD), Focal segmental glomerulosclerosis (FSGS), IgA nephropathy and 

membranous nephropathy. The patients of Nephrotic Syndrome are treated with 

multiple immunosuppressive therapies which include calcineurin inhibitors 

(cyclosporine and tacrolimus), cyclophosphamide, Mycophenolate mofetil and 

Rituximab [24, 25]. Bhutani et al. reported FSGS as a common histopathological 

finding in 50-60% children with SRNS [26]  

2.4 Steroid Resistant Nephrotic Syndrome:  

Most of the children with Nephrotic Syndrome initially respond to steroids and 

achieve remission of proteinuria following 4-6 weeks of treatment with prednisolone. 

However, 10-15% patients do not achieve complete remission and are termed as 

steroid resistant Nephrotic Syndrome (SRNS) [27]. This clinical condition is 

challenging from management perspective. As these patients have persistent 

proteinuria which can be progress to renal failure. Recent studies have indicated 

significant increase in the number of steroid resistant Nephrotic Syndrome 

particularly in Southeast Asia.
 
 

2.5 Diagnosis and Management of Steroid Resistant Nephrotic 

Syndrome: 

As per ISPN Guidelines 2021 [1] patients who failed to show complete remission of 

protein urea despite six weeks therapy with predinisolone at daily dose of 60 mg/m
2
 

are to be classified as SRNS. Patient with Steroid adverse effects may receive daily 

predinisolone for four weeks followed by alternate-day therapy for next two weeks.  

Similar definition for treatment of initial and late (secondary) SRNS has been 

recommended.  As per above mentioned ISPN guidelines, 2021, all patients were 

evaluated properly.  Since 24 hours collection of urine was difficult in children to 

implement, UP:UC was preferred for urinary protein estimation.   
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It requires combination of immunosuppressants, angiotensin converting enzyme 

inhibitor, low dose steroids and statin etc. Failure of immunosuppressive medications 

leads to a high risk of developing end stage renal disease (ESRD). The management 

of SRNS is a challenging task for nephrologists due to various side effects related to 

immunosuppression such as infections, nephrotoxicity, cytopenia neurotoxicity and 

malignancies. Dyslipidemia is a common biochemical abnormality found in almost all 

children diagnosed as SRNS predisposing them to cardiovascular complications 

associated with hyperlipidaemia [28]  

Lipid abnormality in nephrotic syndrome may occur due to both, increased 

biosynthesis and decreased clearance but the deceased clearance being the 

predominant factor as the level of total cholesterol, LDL, VLDL, Triglycerides are 

increased. [29]    

Persistent hyperlipidaemia in SRNS may results in to endothelial damage and can be 

the initial step in atherosclerosis. Endothelial dysfunction may start even at first 

episode of NS (FENS) and remain present in SRNS as well and result in adverse 

cardiovascular outcomes in such patients. There are evidences of adverse 

cardiovascular outcomes in children with idiopathic nephrotic syndrome [30]    

Life style modification including dietary restrictions and physical activity are he first 

step for prevention of dyslipidemia and other cardiovascular disease risk factors. 

However, Kidney Diseases Improving Global Outcomes (KDIGO) guidelines 

suggests that dietary restrictions have only a modest effect and recommend use of 

drug therapy. [31]  

Further, as per ISPN guidelines, (2009) in case life style modification does not work, 

Statins are the first line of medicine for the treatment of dyslipidemia [32].  

Persistent endothelial dysfunction in children with SRNS put them at higher risk of 

cardiovascular co-morbidities. In patients with SRNS, hypertension, steroid induced 

obesity, hypoalbuminemia due to protein loss, oxidative stress, recurrent infections 

[33], calcineurin inhibitor therapy [34] are responsible for endothelial dysfunction. 
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Clinical consequences of dyslipidemia in Nephrotic syndrome results in both in 

cardiovascular as well as renal complications. In renal system, it results in 

glomerulosclerosis as well as proximal tubular cell injury. [35] Regular therapeutic 

monitoring of calcineurin inhibitor drugs are important and the choice of 

immunosuppressant primarily depends upon their efficacy and safety of drugs.  

2.6 Therapeutic Drug Monitoring of Tacrolimus:  

Therapeutic drug monitoring (TDM) is a branch of clinical chemistry and clinical 

pharmacology that is related to the measurement of drug levels in blood. TDM is 

helpful for improving patient care by adjusting the required dose of drugs to avoid 

toxicity and also for optimisation drug dose. There are multiple factors that influence 

the TDM. The following are important factors that may influence the results like time 

of blood sampling and time, route and dose of drug given etc.  

The handling and storage conditions are also very important. The precision and 

accuracy of the analytical method, co-medications and the clinical status of the patient 

may also influence the TDM.  

Tacrolimus has gained acceptance for treatment of SRNS yet it was found that 

pharmacokinetics date and correlation is very limited regarding therapeutic efficacy. 

There is serious dearth of target concentration for children with SRNS and treatment 

of SRNS is done on the basis of therapeutic concentration applied in organ 

transplantation.  

The desirable C0  of tacrolimus in pediatric transplant immediately after transplant are 

10-12 ng/mL and 5-10 ng/mL subsequently to prevent rejection of organ.[36] On the 

basis of transplant data, suitable target concentration of tacrolimus in SRNS is 

considered from 5ng/mL to 10 ng/mL in most of the studies [37].  

In recent times trials for treatment of childhood Nephrotic Syndrome are being carried 

out consistently throughout the globe [38] 

In absence of non-effective treatment, the patient suffers from persistent proteinuria 

leading to progression to chronic kidney disease [39] 
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Calcineurin inhibitors (CNi) are now considered as preferred drugs for the treatment 

of childhood steroid resistant Nephrotic Syndrome. Efficacy and safety of 

cyclosporine versus Tacrolimus in SRNS has also been studied but again with limited 

being the small study group [40] 

Tacrolimus has some advantage over cyclosporine in the treatment of SRNS like less 

cosmetic side effects [41]  

As tacrolimus is bound to plasma protein it exhibits considerable inter and intra 

individual pharmacokinetics, hence Tacrolimus pharmacokinetics is important in 

children with SRNS [42]. 

Nowadays, the Tacrolimus is being used in the management of steroid-resistant 

Nephrotic Syndrome (SRNS) in children, but still the therapeutic range is extrapolated 

from kidney transplant recipients. It has further suggested that studies with adequate 

sample size are required to confirm the findings [43]  

Tacrolimus is used in multiple clinical conditions like organ transplantation, 

autoimmune diseases, malignancies, and for treatment of Nephrotic Syndrome [44] It 

has a very narrow therapeutic index and even at a low trough level (4-6 ng/mL) has 

been linked to nephrotoxicity [45]. It is a calcineurin inhibitor that inhibits the 

production of IL-2 and discourages the proliferation of T cells [46, 47].  

It is metabolized in the liver, mainly via CYP3A [48]. Common interactions of 

tacrolimus are with grapefruit, antimicrobials, and anti-fungal which increase the 

levels. It has high inter-individual and intra-individual pharmacokinetic variability. A 

Trough level of tacrolimus is essential in patients to prevent rejection of kidney, heart, 

or liver transplants [43]. Tacrolimus toxicity is mostly seen in children when plasma 

levels exceed 15 to 20 ng/mL which may include life-threatening complications [49].  

2.7 Drug Profile of Tacrolimus:  

Tacrolimus is an important antibiotic of fungal origin, Streptomyces tsukubaensis with 

a potent immunosuppressive function. This drug was discovered in 1984 from the 

fermentation broth of a Japanese soil sample that contained the bacteria Streptomyces 
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tsukubaensis. Tacrolimus is chemically known as a macrolide. The brief profile of 

Tacrolimus [50, 51, 52] is following 

2.7.1  Generic Name: Tacrolimus 

2.7.2 Brand Names: Advagraf, Astagraf, Envarsus, Modigraf, Prograf, Protopic 

2.7.3 Drug Bank Accession Number: DB00864 

2.7.4 Chemical Formula: C44H69NO12 

2.7.5  Metabolism: The Metabolism of tacrolimus is predominantly mediated by 

CYP3A4 and secondarily by CYP3A5. 

2.7.6 Protein Binding: As per publishes data, ~99% is bound to human plasma 

protein, primarily to albumin and alpha-1-acid glycoprotein.  

2.7.7 Half-life: As per available data, the elimination half-life in adult healthy 

volunteers, kidney transplant patients, liver transplants patients and heart 

transplant patients are approximately 35, 19, 12, 24 hours, respectively. 

The elimination half-life in pediatric live transplant patients was 11.5±3.8 

hours, in pediatric kidney transplant patients is 10.2±5.0 (range 3.4-25) 

hours.  

2.7.8 Toxicity: Side effects can be severe and include blurred vision, liver and 

kidney problems (it is nephrotoxic), seizures, tremors, hypertension, 

hypomagnesemia, diabetes mellitus, hyperkalemia, itching, insomnia, 

confusion.  

2.8 Laboratory Methods: There are several laboratory methods which are 

available for therapeutic drug monitoring like Liquid Chromatography-Mass 

Spectrometry (LC-MS/MS), High-Performance Liquid Chromatography (HPLC), Gas 

Chromatography-Mass Spectrometry (GC-MS), Particle Enhanced Turbidimetric 

Immunoassay (PETIA), and Dried-blood-spot analysis etc. [53] 

a) Particle Enhanced Turbidimetric Immunoassay (PETIA): The QMS 

Tacrolimus Immunoassay is a homogeneous particle-enhanced turbidimetric 

immunoassay. The assay is based on competition between the drug in the sample 
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and the drug-coated onto a microparticle for antibody binding sites of the 

tacrolimus antibody reagent. The tacrolimus-coated microparticle reagent is 

rapidly agglutinated in the presence of the anti-tacrolimus antibody reagent and 

the absence of any competing drug in the sample. The rate of absorbance change 

is measured photometrically at 700 nm. When a sample containing tacrolimus is 

added, the agglutination reaction is partially inhibited, slowing down the rate of 

absorbance change. A concentration-dependent classic agglutination inhibition 

curve can be obtained with the maximum rate of agglutination at the lowest 

tacrolimus concentration and the lowest agglutination rate at the highest 

tacrolimus concentration. [54, 55] 

b) Liquid Chromatography-Mass Spectrometry (LC-MS): LC-MS is now a 

commonly used technique with the development of electrospray ionization (ESI) 

providing a simple and robust interface [56]. LC-MS is mostly preferred in labs 

due to its high specificity and reduced run time. This technique uses molecular 

fragmentation for the separation of particles. Single quadrupoles, triple 

quadrupoles, and quadrupole ion-trap instruments are the most used mass 

analyzers in routine laboratories, in the fields of forensic toxicology and 

therapeutic drug monitoring [57]. It further helped in the quantification of lower 

drug concentrations in the blood samples. The advantages of LC-MS are high 

sensitivity, specificity, small sample requirements, minimal sample preparation, 

rapid throughput, and simultaneous measurement [58]. The disadvantage of this 

method is that it required high upfront costs and full validation for use. It is also 

requires a high degree of technical ability and extensive training is required. 

c) High-Pressure Liquid Chromatography (HPLC): It is the sensitive and specific 

method used for measuring the tacrolimus. The disadvantages of HPLC-MS are its 

high cost of equipment and the availability of suitably skilled scientific staff. The 

advantages of HPLC-mass spectrometry were high sensitivity, specificity, small 

sample requirements, minimal sample preparation, rapid throughput, and 

simultaneous measurement [59]. 

d) Gas Chromatography-Mass Spectrometry (GC-MS): This is a method that 

uses very high temperature for causing sample vaporization. Vaporized fractions 

are then passed through the electric field where they get separated based on their 
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molecular weight. The pattern of separation is unique for each drug, therefore 

establishes a fingerprint for identification [60]. GC MS has limited use as it is 

preferable only for volatile substances. GC MS is not the preferred method these 

days. 

e) Radio Immuno Assay (RIA): It generally, uses radioactivity for the detection of 

the presence of the analyte. In RIA the sample is incubated with an antibody and a 

radiolabeled drug. The amount of radioactivity measured is compared to the 

radioactivity present in the known standards which are included in each run and 

results are quantitated. Mostly used of determination of drugs of abuse. The 

advantages of RIA were high specificity and sensitivity. The side effects mostly 

included radiation hazards, the use of radio labelled reagents, the requirement of 

specially trained persons. Labs also require a special license to handle radioactive 

material. Further a special arrangement for storage, and waste disposal of 

radioactive materials is also a big challenge [61].  

f) Particle Enhanced Turbidimetric-Inhibition Immunoassay (PETINIA): It is 

also an immune turbidimetric method. It mostly uses the creation of light 

scattering particles to measure drug levels. The free drug in the sample competes 

for the antibody fragment, thereby decreasing the rate of particle aggregation. The 

rate of aggregation is inversely proportional to the concentration of a drug in the 

sample. It's a developing technique and not much literature is available. 

g) Cloned Enzyme Donor Immunoassay (CEDIA): It is a Competitive 

homogenous enzyme immunoassay. It uses a genetically formulated enzyme 

βgalactosidase. This assay has two component fragments of an enzyme: enzyme 

acceptor and an enzyme donor which are generally inactive, but in solution, they 

become activated and reassemble. As a single subunit, they can react with the 

substrate. Drug bound to the enzyme donor competes with the drug or with 

metabolite in the sample for antibody binding site. If the drug bound to the 

enzyme donor binds to the antibody, it is prevented from reassembling with the 

enzyme acceptor and activating the enzyme. If the drug is present the unbound 

enzyme donor reassembles with the enzyme acceptor and reacts with the substrate 

to produce a change of absorbance. Linearity generally ranges from 0-30 ng/ml.  
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h) Chemiluminescent Microparticle Enzyme Immunoassay (CMIA): Before the 

initiation of the procedure, a manual pre-treatment step is performed in which the 

whole blood sample is extracted with a precipitation reagent and centrifuged. The 

supernatant is transferred into a Transplant Pretreatment Tube, which is placed 

onto the System. Sample, assay diluent, and anti-tacrolimus coated paramagnetic 

microparticles are combined to create a reaction mixture. Tacrolimus present in 

the sample binds to the anti-tacrolimus coated microparticles. After a delay, 

tacrolimus acridinium-labeled conjugate is added to the reaction mixture. The 

tacrolimus on the acridinium-labeled conjugate competes for the available binding 

sites on the microparticles. Following incubation, the microparticles are washed 

and pre-trigger and trigger solutions are added to the reaction mixture. The 

resulting chemiluminescent reaction is measured as relative light units (RLUs). 

An indirect relationship exists between the amount of tacrolimus in the sample 

and the RLUs detected by the system optics. A study by Marubashi, et al had 

compared the method with MEIA and found that the correlation between the two 

methods was highly significant (r = 0.941). They found that CMIA was much 

superior to MEIA in detecting the low levels [62]. 

i) Dried Blood Spot (DBS): In this method sampling using a finger prick is an 

emerging alternative to venous sampling. Important advantages of DBS sampling 

include the less amount of blood is needed, the possibility of home-based 

sampling after which the sample can be sent to the laboratory, easier sampling at 

desirable sampling times (eg, trough concentrations), and the quick results being 

available to the patient before the next outpatient visit[63]. This process of TDM 

with DBS sampling has recently been demonstrated to be cost-effective, with 

lifelong concentration monitoring [64]. There has been an increase in the 

development of DBS assays for TDM for a wide range of drug therapies, 

including immunosuppressants [65, 66]. The challenge is to increase the 

applicability of DBS sampling as adequate clinical validation is required. Second, 

the acceptability of DBS sampling needs to be evaluated to assess the possible 

bottlenecks for implementation at an early stage. Only then can widespread home-

based sampling for TDM can be implemented. 

  



CHAPTER-3 

AIMS & OBJECTIVES 
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3. AIMS & OBJECTIVES OF STUDY 

3.1 AIM:  

A Study to Evaluate Trough Concentration of Tacrolimus in Children with Steroid 

Resistant Nephrotic Syndrome. 

a. Primary Objective:  

To measure and evaluate the trough level of Tacrolimus in children with 

steroid resistant Nephrotic Syndrome (SRNS) by particle enhanced 

turbidimetric immunoassay. 

b.  Secondary objectives:  

To study the correlation of tacrolimus levels with clinical remission in 

children with SRNS and to study to side effect profile of Tacrolimus in 

children with SRNS. 

  



CHAPTER-4 

MATERIALS AND METHODS 
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4. MATERIALS AND METHODS 

4.1 Place of Study:  

The study was conducted in Department of Biochemistry and Department of 

Pediatrics, Kalawati Saran Children‟s Hospital and Associated Lady Hardinge 

Medical College, New Delhi. 

4.2 Study Design:  

This is a cross sectional prospective study.  

4.3 Period of Study:  

January 2021 to January 2022 

4.4 Study Approval:  

The Study was approved by the Institutional Ethics Committee for Human Resources 

of Lady Hardinge Medical College and Associated Hospitals, New Delhi.  

4.5 Study Population:  

The Children in age group from 1 year to 16 years receiving treatment of Steroid 

Resistant Nephrotic Syndrome in OPD of Department of Pediatrics, Kalawati Saran 

Children Hospital were recruited for the study. All consecutive, consenting patients 

meeting the inclusion and exclusion criteria of the study were included.  

4.6 Inclusion Criteria:  

All Children with SRNS, receiving treatment were included. SRNS was defined as per 

ISPN guidelines [1]. Children with Nephrotic Syndrome who do not attain complete 

remission after 6 weeks of daily dose of prednisolone at 60 mg/m² were categorised as  

SRNS patients.  Patients with steroid adverse effects were given daily prednisolone 

only for 4-weeks, followed by alternate-day therapy for the next 2-weeks. Standard 

treatment guidelines were followed for diagnosis and clinical management of children 

with SRNS in our hospital. The Clinical details, biochemical and hematological 
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investigations, and side effects if any were noted in the prescribed proforma. The 

Tacrolimus levels and other required blood and urine chemistry parameters were done 

in Biochemistry Department of our hospital for patient care.  

4.7 Exclusion Criteria:  

Children with secondary Nephrotic Syndrome were excluded. 

4.8 Instruments of the Study: 

 Diagnosis & treatment criterion:  

a. Consensus Guidelines on Management of Steroid Resistant Nephrotic 

Syndrome Approved by the Expert Group of the Indian Society of 

Pediatric Nephrology [1] was the clinical criteria for deciding the 

categories of Remission, Partial-Remission and No-Remission.  

 Important Laboratory Equipment’s, Kits and Protocols  

a. Indiko Thermofisher Drug Analyser  

b. Thermofisher Tacrolimus Test Procedure Protocol 

c. QMS Tacrolimus Immunoassay kit 

4.9 Sample Size:  

A total of 60 patients of SRNS receiving treatment from said hospital were included 

in the study. Their age range was between 1-16 years. The sample size was calculated 

and validated statistically with the help of a statistician.  

4.10 Sample Size Calculation & validation: The detailed calculation is as 

under: 

Difference between two independent group means or median: 

A study advocating a significant difference of 59% in median trough concentration 

(C0) of Tacrolimus between remission (median C0=2.95 ng/ml, n=14) and relapse 

(median C0=1.20 ng/ml, n=11) steroid-resistant nephritic syndrome (SRNS) children 
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was referred. Expecting, mean or median difference at least of 0.41% (effect size: d) 

between two SRNS children group (remission and relapse) of the present study and 

considering 5.0% margin of error (α=0.05 i.e. type I error) and 80.0% power (1-

β=0.80 i.e. type II error), then minimum 49 samples need to be sampled (n) for the 

study, evaluated by G*Power 3.1.9.4 software as 

Input parameters Output parameters 

Tails: Two sided (α=2) Non-centrality parameter (б)=2.8700000 

Effect size (d)=0.41 Critical t value=2.0106348 

α error probability=0.05 Df=48 

Power (1-β error probability)=0.80 Total sample size=49 

 Actual power=0.8029445 

Df: degree of freedom 

Reference study [5]  

Thus, minimum 49 children were required for the study.   

4.11 Methodology: 

Consecutive patients from Pediatric Nephrology OPD and wards fulfilling the 

eligibility criteria were enrolled. Nephrotic Syndrome was defined, investigated as per 

ISPN guidelines [1]. Definitions and protocol as mentioned below were applied. 

Demographic parameters and clinical details including detailed clinical history, 

examination were done at enrolment in a structured performa. All patients were 

assessed for height, weight, BMI, hypertension, baseline characteristics, cumulative 

dose and sign and symptoms of toxicity. Clinical practice guidelines of American 

Academy of Paediatrics was used for screening and management of high blood 

pressure in children. All patients were subject to the following investigations at the 

enrolment.  
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1) Haemogram 

2) Kidney Function Test 

3) Serum Electrolytes 

4) Lipid Profile  

5) Serum Calcium  

6) Phosphorous  

7) ALP  

8) Total Protein, Albumin  

9) UP: UC  

10) Urinary Creatinine etc. 

After confirmed diagnosis of NS, the patients were put on steroid for standard 

treatment of nephrotic syndrome by Pediatric Nephrologist. The same treatment 

protocol were followed for all cases of nephrotic syndrome who were receiving 

treatment from KSCH. The regular monitoring UP:UC was done to evaluate the 

treatment outcome of nephrotic syndrome. The patients with steroid adverse effects 

were given prednisolone daily for 4-weeks, followed by alternate-day therapy for the 

next 2-weeks. Standard treatment guidelines were followed for diagnosis and clinical 

management of children with SRNS. Children with Nephrotic Syndrome who failed 

to attain complete remission after 6 weeks of daily dose of prednisolone at 60 mg/m² 

were defined as SRNS patient in terms of ISPN guidelines [1].  

The diagnosis criteria was as under- Urine protein 3+/4+ (dipstick), UP: UC >2, or 

24-hr urine protein >1000 mg/m2/day; albumin. All patients were examined, 

diagnosed and treated by a qualified Pediatric Nephrologist. 
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4.12 Treatment Protocol: the patients diagnosed with SRNS were put on 

Tacrolimus treatment with tapering dose of alternate day steroids. The purpose of 

treatment was to induce remission with minimum drug related side effects.  

Supplementary treatment was also given like lipid lowering medicine, ACE inhibitors 

etc. The clinical details, biochemical and hematological investigations, and side 

effects if any were noted in the prescribed proforma. The Tacrolimus levels and other 

required blood and urine chemistry parameters were done in Biochemistry 

Department of our hospital.  

The daily dose of Tacrolimus was given from 0.1 to 0.2 mg/kg/daily. All patients of 

SRNS were followed for a minimum period of 12 weeks. The weight, height and BP 

were also recorded at the onset and after the 12 weeks of the treatment. The following 

laboratory parameters were done after 12 weeks of the tacrolimus treatment. 

Tacrolimus level, Haemogram, Kidney Function Test, Serum Electrolytes, Lipid 

Profile, Serum Calcium, Phosphorous, ALP, Total Protein, Albumin, UP: UC, 

Urinary Creatinine etc. 

 4.13 Therapeutic Drug Monitoring of Tacrolimus: 

a) Laboratory Method: The measurement of trough level of Tacrolimus was 

done using particle-enhanced turbidimetric immunoassay (PETIA) 

b) Sampling Technique: Patients were advised to take drugs at fixed time 

during morning and evening. One ml of venous blood was obtained in EDTA 

vial, 12 hours post intake of tacrolimus dose after 12 weeks from the starting 

of the drug. Sample were taken only once duly following all safety 

precautions. Routine Biochemical and haematological investigations and UP: 

UC was also performed at the time of diagnosis and after 12 weeks of 

treatment. 
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Fig. No-3 Sample collection from SRNS Patient 

 

c) Sample Storage & Handling: Sample was stored at -20° C in Elanpro® Deep 

Freezer and processed within a week. 

 

Fig. No. 4  Elanpro® Deep Freezer for storage of samples 
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d) Summary & Principle of Procedure: The QMS Tacrolimus is an 

Immunoassay. This assay is based on competition between drug in the sample 

and drug coated onto a micro-particle for antibody binding sites of the 

tacrolimus antibody reagent. The tacrolimus-coated micro-particle reagent is 

rapidly agglutinated in the presence of the anti-tacrolimus antibody reagent 

and in the absence of any competing drug in the sample. The rate of 

absorbance change is measured photometrically at 700 nm. When a sample 

containing Tacrolimus is added, the agglutination reaction is partially 

inhibited, which slow down the rate of absorbance. A concentration-dependent 

classic agglutination inhibition curve is produced. The maximum rate of 

agglutination means the lowest tacrolimus concentration and the lowest 

agglutination rate is the highest tacrolimus concentration. 

e) Sample Preparation: Calibrators, Controls and patient specimens were 

equilibrated to room temperature before extraction. Calibrators, Controls and 

patient specimens were thoroughly mixed at room temperature prior to use by 

gentle inversion avoiding the formation of bubbles.  

 

Fig. No. 5 Blood Samples for Tacrolimus Testing 
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Fig. No. 6 Tacrolimus Reagent Kit 

 

 

Fig. No. 7 Tacrolimus Calibrators 
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Fig. No. 8 Tacrolimus Quality Controls 

 

 

 

Fig. No. 9 Bar-coded Sample Rack with sample cups 

 



 

28 
 

 

Fig. No. 10 Bar-coded Reagent Rack 

 

 

Fig. No. 11 Vortex Mixer 
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f) Extraction Solution Preparation 

1. To prepare “Tacrolimus Working Extraction Solution” 1 part of Extraction 

Reagent was mixed to 4 part of HPLC Grade Methanol (≥ 99.8% purity) in a 

clean, dry, airtight bottle. 

2. Date of preparation was mentioned on the vial and was stored at room 

temperature. 

        

Fig No. 12 Tacrolimus Extraction            Fig No. 13 Methanol (HPLC Grade)  

Solution 
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g) Sample Extraction & Processing (for Calibrators, Controls and Samples): 

 

 

 

3. 200 μL of extraction solution was taken into the micro-centrifuge tube. Prior to 

dispensing the extraction solution in micro-centrifuge tube, the air bubbles if 

any, were removed from the pipette tip. 

4. Micro-centrifuge tubes were properly caped and vortexed immediately for 20-  

30 seconds. It was ensured that each tube had a homogeneous mixture.  

1. One micro-centrifuge tube was prepared 

for extraction of each samples, 

calibrators and controls. 

  

2. 200 μL of control, calibrator and sample 

was Pipetted into the properly labeled 

micro-centrifuge tubes. The sample was 

taken carefully to ensure that no air 

bubble are there in tip which might be a 

potential  source of analytical error. The 

pipette tip was wiped to remove any 

access sample. 
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Fig. No.  14 Sample Processing on Vortex Mixer 

5. The mixture was allowed to rest in the micro-centrifuge tube at Room 

Temperature for 5-7 minutes. 

6. Then the mixer was centrifuged for 10 minutes at 4,000 - 5,000 RPM. 

 

Fig. No. 15 Centrifugation of Samples for extraction 
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7. The supernatant was taken into a sample cup and was run immediately on 

Drug Analyser to minimize sample evaporation.  

 

Fig. No. 16 Sample Processing on Drug Analyser 

Analyzer Calibration Results Sheet 

 

Fig. No. 17 Calibration Results 
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Quality Control Result Sheet: 

Quality Controls were performed every time before sample processing.  

 

Fig. No. 18 Quality Control Results 

h) Unit of Results: 

The result for the QMS Tacrolimus assay were expressed in ng/mL.  

The Results were validated and released with authorized signatures 

i) Reportable Range 

The reportable range for the test was 1 ng/mL to 30 ng/mL. 
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4.14 Measurement of Biochemical and Hematological 

Investigations:  

 The following biochemical and haematological investigations were also performed at 

the time of diagnosis and after 12 weeks of treatment. 

1) Haemogram 

2) Kidney Function Test 

3) Serum Electrolytes 

4) Lipid Profile  

5) Serum Calcium  

6) Phosphorous  

7) ALP  

8) Total Protein, Albumin  

9) UP: UC  

10) Urinary Creatinine etc. 

The laboratory tests were performed on following laboratory analysers in Department 

of Biochemistry & 24 hours Emergency Lab Services at Kalawati Saran Children‟s 

Hospital, New Delhi. 
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Fig. No. 19 Showing Laboratory Analysers utilised for performing various 

Biochemical and Haematological test in Department of Biochemistry, KSCH 
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4.15 Quality Control of Biochemical Investigations 

• All tests were performed following standards operating procedures and 

required quality control procedures. 

• Drug Test were performed on Thermo fisher Drug Assay Auto Analyzer 

(Indiko) 

• Blood and Urine Biochemical Tests were performed on XL-640 Fully Auto 

Analyzer (Erba-Transasia) and Diatron Pictus-700. 

• Hematological Tests were performed on DxH 500 CBC Analyzer. 

• Serum Electrolytes were performed on Diestro 103AP and Horiba Yumizen 

E100 electrolyte analysers. 
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Fig. No. 20 Showing QC Results of Biochemistry Analyser 
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4.16 Outcome Measures of the Study 

a) Primary Outcome Measures  

i. Mean±2SD tough levels of Tacrolimus in children with SRNS in complete 

remission, partial & non remission. 

ii. Proportion of children with SRNS showing complete remission partial & 

non remission 

b) Secondary Outcome Measures of the Study: 

i. Correlation of tacrolimus level in patient with complete remission 

ii. Proportion of children showing side effects like hypertrichosis, 

hypertension and rise in creatinine after starting the tacrolimus drug.  

4.17  Statistical Analysis 

The Data of the study was coded properly and recorded in MS Excel sheet. SPSS v26 

Statistical tool was applied for data analysis.  

1. Descriptive statistics were explained in the form of Mean± standard 

deviations. 

2.  Medians/IQRs for was provided for continuous variables, and percentage was 

calculated for categorical variables.  

3. ANOVA, Chi-square test was used to check the association between the 

categorical data. Non-parametric test such as Mann–Whitney U test was used 

where required. 

4.18  Content and Ethical Consideration: 

 Clearance was taken from Institutional Ethics Committee.  

 Witten & informed consent was taken from parents/guardians in a language 

they understand, assent was taken from patient older than 8 Years of age.  



CHAPTER-5 

RESULT & DISCUSSION 
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5. RESULTS AND DISCUSSION 

The Study comprised of 60 patients diagnosed as SRNS who were prospectively 

followed up and examined for a period of 12 weeks under the supervision of 

Paediatric Nephrologist. The Baseline characteristics of the patients were recorded at 

the time of diagnosis. Various Laboratory markers like Haemogram,  KFT, LFT, 

Lipid Profile, Total Protein, Serum Albumin, UP:UC, were measured at the onset of 

the disease and after 12 weeks of standard treatment with Tacrolimus. The Trough 

level of Tacrolimus was also measured after 12 weeks of treatment. The outcome of 

treatment was decided as per the revised guidelines published by the Indian Society 

for Paediatric Nephrology (ISPN) guidelines published in 2021 [1]. As part of the 

treatment & follow-up process, following clinical assessment and laboratory 

parameters were performed to evaluate treatment outcomes. 

a) Demographic Parameters 

b) Age, Gender, Height Weight and BMI monitoring. 

c) Major characteristics in NS  

d) Baseline Biochemical and Haematological Parameter in SRNS Patients 

e) Urinary Protein and Creatinine ratio. 

f) Routine follow-up and clinical examination 

g) BP Monitoring and BP Centiles. 

h) Side effects Profile during Treatment with Tacrolimus  

i) Trough level of Tacrolimus after minimum 12 Weeks of treatment with 

Tacrolimus 

j) Biochemical and Haematological Parameter in SRNS Patients after minimum 

12 Weeks of treatment with Tacrolimus 

k) UP:UC Ratio 

l) Height Weight and BMI after minimum 12 Weeks of treatment with 

Tacrolimus. 
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The outcome measures were: 

(a) Mean± 2SD levels of Tacrolimus in children with SRNS in complete 

remission  

(b) Proportion of children with SRNS showing complete remission, partial 

remission and non-remission  

(c) Correlation of tacrolimus level in patient with complete remission 

(d) Proportion of children showing side effects like hypertrichosis, hypertension 

and rise in creatinine after starting the drug. 

Table-1 Baseline Characteristics of Patients with Nephrotic Syndrome 

Parameter  (n=60) Mean (SD)/Frequency n (%) 

Age 

Age at onset of Nephrotic Syndrome 

(months)  
67.08 ± 41.20 

Age at Diagnosis of SRNS (months) 79.4 ± 47.81 

Gender 

Male 38       (n=38/60)                (63 %) 

Female 22       (n=22/60)               (37 %) 

Type of Resistance 

Initial  22      (n=22/60)               (37 %) 

Late 38      (n=38/60)               (63 %) 

Steroid dose (mg/kg/day) 2 (mg/kg/day) 
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On the evaluation of basic characteristics as shown in Table 5.1, the mean age at 

diagnosis of SRNS was 79.4 months and the mean age at onset of Nephrotic 

Syndrome was 67.08. The male children were higher at 63% (n=38/60) while female 

children were 37% (n=22/60). The gender distribution ratio was 1.72:1.  63% patients 

(n=38/60) were late resistant to steroid treatment while 37% (n=22/60) were initial 

resistant. The cumulative steroid dose was given as 2 (mg/kg/day). 22/60 patients 

were initially resistant to Steroid Treatment while 38 patients were reported late 

resistant.  

 

Fig. No. 21 Age at onset of Nephrotic Syndrome. 
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Fig. No. 22 Gender Distribution of SRNS Patients. 

In our study the mean age of onset of nephrotic syndrome was 67.08 months (5.7 

years) which is slightly higher than the study done by Mutalik et al, in which the 

mean age of onset of nephrotic syndrome was found to be 4.6 years. [67], by 

Arumugam et al, in which it was 4.5 years [68] and by Kaddah et al in which it was 

4.4 years [69].The mean age in our study at diagnosis of SRNS was 79.4 months (6.7 

years) which is similar to the study by done by Beins et al, in which it was found to be 

6.9 years. [70].   As per the study done by Franke I  et al, the average age of the 346 

patients was 5.5 ± 3.7 years. [71] 

In our study initial resistant patients were 37% while 63% were in Late Resistant 

category. The gender distribution ratio was 1.72:1. The male children were higher at 

63% (n=38/60) while female children were 37% (n=22/60) which is very similar to a 

study by Arumugam et al, which has reported 64% male patients and by Kikunaga 

which also reported 67% male patients. Most of the other studies also indicated that 

male patients higher than female.  
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The published literature shows that the incidence of NS in children varies and is 

commonly reported between 2 and 7/100,000 children. The incidence is dependent on 

the country and ethnic origins of the population. For example, in parts of Nigeria the 

reported incidence is 0.56/ 100 000 whereas in Asian children B16 years in 

Birmingham the reported incidence is 16.9/100 000 [72]  

The diverse range of international examples demonstrates that NS incidence varies 

greatly across continents and ethnic groups. Whilst the reason for the difference 

between different ethnic groups remains unclear, it could be attributed to genetic 

variations. In the study undertaken by Franke 1 et al, [71] the average age of NS onset 

occurred at 5.5 years. Similarly, Simpson et al. have reported an average age of onset 

of 5.4 years in New Zealand [73]. The average age of onset is reported as 4.6–4.9 

years in Turkey [74, 75], 4.8 years in Israel [76] and 6.6 years in the USA [77]. 

Table-2-Characterstics reported at onset of Nephrotic Syndrome 

 Type of Characteristics Frequency n & (%) 

Haematuria (Gross) 15% (n=09/60) 

Oliguria 6.6% (n=04/60) 

Hypertension 16.6% (n=10/60) 

Fever 11.6% (n=07/60) 

Rash 3.3% (n=2/60) 

Joint Pain 5% (n=3/60) 

Edema 43.3% (n=26/60) 

Ascites 8.33% (n=5/60) 

Family History of Hypertension Nil 

Family History of Idiopathic Nephrotic 

Syndrome 
Nil 

Family History of CVD Nil 
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Many clinical conditions were reported at onset of Nephrotic Syndrome like Edema 

43.3% (n=26/60), Hypertension 16.6% (n=10/60), Hematuria 15% (n=9/60), Oliguria 

6.6% (n=4/60), Fever 11.6% (n=7/60), Joint pain 5% (n=3/60), rashes 3.3% (n=2/60) 

in patients during SRNS treatment. The family history of Idiopathic Nephrotic 

Syndrome was not found in any patient. Hypertension and gross Haematuria and 

Edema were found major characteristics.  

Table-3:  Histopathological  Report of Paediatric Patients with  SRNS 

Type Frequency n (%) 

MCD   28% (n=17/60) 

FSGS 15% (n=9/60) 

Renal Biopsy not available 56% (n=34/60) 

 

The Kidney biopsy was done in 43.3% (n = 26 / 60 patients). The results of  

kidney Biopsy presented that minimal change disease ((MCD n = 17 / 26) was  

the most common histological diagnosis, followed by Focal Segmental 

Glomerulosclerosis (FSGS n=9/26). 
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Table 4-Drug given during the Treatment of SRNS Patients 

Therapy  (%)                      n 

Immuno-modulator (Tacrolimus) 100%            (n=60/60) 

Steroids 100%            (n=60/60) 

ACei 100%            (n=60/60) 

Atorvastatin 33.3%            (n=20/60 

Anti-Hypertensive 16.6%             (n=10/60) 

n = number 

The drug shown in Table-4 were given for treatment and supportive management in 

SRNS Patients 
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Fig No-23 
Histopathological  Findings in Paediatric Patients with  

SRNS Frequency n (%) 

Table 3-Histopathological  Report
of Paediatric Patients with  SRNS
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Table 5- Treatment compliance status in SRNS Patients 

Indicator (%)                         n 

Fill Count 100%            (n=60/60) 

Compliance 97%               (n=58/60) 

Immuno Suppression (Duration) 12 Weeks to 16 Weeks 

Daily dose of Tacrolimus 0.1-0.2 mg/kg/Daily 

n=number 

The majority of patients have followed the fill counts for proper compliance of 

treatment. The follow up monitoring was done at regular interval during the treatment. 

The daily cumulative drug dose of Tacrolimus in most of the patients at the starting of 

treatment was 0.1 mg/kg/daily.  

Table 6-Complication of Steroid Therapy   

Type of Complications  n (%) 

Acanthosis  0 (0.0%) 

Caushing‟s Syndrome  8 (13.3%) 

Cataract  0 (0.0%) 

Striae 2 (3.3%) 

n=number 

Complication in Steroid Therapy shown in Table 7 indicated that Caushing‟s 

Syndrome was in 13.3% patient and Striae was found in 3.3%. Patients 

Table-7 Anthropometric Parameters  at diagnosis and after 12 Weeks of 

treatment in SRNS Patients 

Parameter Type of 

variable 

Mean, SD & Median 

Value (at Diagnosis 

of SRNS) 

Mean, SD & Median 

Value (at 12 Weeks 

of SRNS treatment 

with Tacrolimus) 

p-value 

Weight (Kg) Mean (SD)  22.65 ± 11.06 22.42 ± 10.83 <.001 
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Median  19.65 19.65 

Height (Cm)   Mean (SD)  

Median  

117.1 ± 21.77 

109.5 

117.43 ± 21.87 

110 

<.001 

BMI 

(kg/m2) 

Mean (SD)  

Median  

15.68 ± 2.88 

15.58 

15.46 ± 2.79 

15.50 

 .013 

 

Table 7 shows Anthropometric parameters of SRNS patients at diagnosis of SRNS 

and at 12 weeks of Treatment with Tacrolimus. There was significant decrease in 

weight of SRNS patient from 22.65 to 22.42 after 12 weeks of treatment. The Mean 

BMI significantly decrease from 15.68 to 15.46 after 12 weeks of treatment. There 

was no significant difference in height of patients 

Table No. 8   Trough Concentration of Tacrolimus Remission, Partial 

Remission,  and Non Remission groups after 12 weeks of treatment 

 
Category N Mean 

Std. 

Deviation 
Minimum Maximum 

T
ro

u
g
h
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n
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g
/m
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Remission (UP:UC 

Ratio <0.2) 
49 7.016 2.1733 4.2 13.0 

Partial Remission 

(UP:UC Ratio 

>0.2- 2) 

4 5.825 1.3099 4.3 7.5 

Non Remission 

(UP:UC Ratio >2) 
7 4.186 1.1067 3.0 5.7 

Total 60 6.607 2.2205 3.0 13.0 

 

The Mean C0 of remission patients of this study was higher than in the non-remission 

group (7.0 ng/ml, versus 4.18 ng/ml, p=0.004). There was no significant correlation of 

trough level of tacrolimus and drug doses in different groups. The mean C0 of 

Tacrolimus in patients showing complete remission was higher than in children 

with non-remission. The mean trough concentration found in our study was 6.6 ng/ml. 
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Table No. 9   Showing UP:UC Ratio & Serum Albumin Level in different groups 

after 12 weeks of initial treatment 

                 Category N Mean 
Std. 

Deviation 
Minimum Maximum 

 U
P

:U
C

 R
a

ti
o

 

Remission (UP:UC 

Ratio <0.2) 
49 .13067 .076366 .012 .520 

Partial Remission 

(UP:UC Ratio 

>0.2-2) 

4 1.61250 .151079 1.430 1.800 

Non Remission 

(UP:UC Ratio >2) 
7 5.35000 3.561456 2.740 12.810 

Total 60 .83838 2.041410 .012 12.810 

       

 S
er

u
m

 A
lb

u
m

in
 

Remission (UP:UC 

Ratio <0.2) 
49 3.6533 .45897 2.20 4.70 

Partial Remission 

(UP:UC Ratio 

>0.2-2) 

4 3.2500 .23805 3.00 3.50 

Non Remission 

(UP:UC Ratio >2) 
7 2.5286 .48206 1.50 2.90 

Total 60 3.4952 .57756 1.50 4.70 

 

There was a significant correlation of three important laboratory parameters 

Tacrolimus C0, UP: UC ratio, and serum albumin and Cholesterol level in remission, 

partial remission, and non-remission groups.  Significant correlation was found 

between Serum albumin and Serum cholesterol between different groups. 
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Table No-10. Correlation of Trough Level of Tacrolimus, UP:UC and Serum 

Albumin between groups and within groups in SRNS Patients   

  
Sum of 

Squares 
df 

Mean 

Square 
F   Sig. 

Trough 

Concentration 

of Tacrolimus 

(ng/ml) 

Between 

Groups 
51.694 2 25.847 6.159 .004 

Within 

Groups 
239.203 57 4.197     

Total 290.897 59       

UP:UC Ratio 

Between 

Groups 
169.422 2 84.711 63.157 <.001 

Within 

Groups 
76.452 57 1.341     

Total 245.874 59       

Serum 

Albumin 

Between 

Groups 
8.005 2 4.003 19.541 <.001 

Within 

Groups 
11.676 57 .205     

Total 19.681 59       

 

The mean drug dose of tacrolimus in patients with remission (n=49) was 0.11 

mg/kg/daily and the mean dose of tacrolimus in partial remission and non-remission 

patients was found 0.10 mg/kg/daily which shows that there was no significant 

relation of drug dose found with treatment outcomes of different groups. However, 

there was a significant correlation of three important laboratory parameters C0 of 

Tacrolimus (p=0.004) UP: UC ratio (p=<.001), and serum albumin level (p=<.001) in 

remission, partial remission, and non-remission groups.  
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Fig. No. 24- Showing Trough level of Tacrolimus in different Groups after 12 

Weeks of initial Treatment with Tacrolimus 

The mean C0 of Tacrolimus in patients showing complete remission was higher than 

in children with non-remission. The mean trough concentration found in our study 

was 6.6 ng/ml which is significantly low in comparison with the therapeutic range of 

Tacrolimus noted in kidney transplant patients. However it was higher than the 

similar published study by Jahan Afsana, Pediatr Nephrol [5] which has reported the 

mean trough level of Tacrolimus between 2.1 to 4.8 ng/ml in remission. The Mean 

C0 of remission patients of this study was higher than in the non-remission group (7.0 

ng/ml, versus 4.18 ng/ml, p=0.004).  

There was no significant correlation of trough level of tacrolimus and drug doses in 

different groups. There was a significant correlation of three important laboratory 

parameters Tacrolimus C0, UP: UC ratio, and serum albumin and Cholesterol level in 

remission, partial remission, and non-remission groups.  

 As per study [78-81] Desirable C0 in pediatric transplants are 10–12 ng/ml in the 

immediate post-transplant and 5–10 ng/ml thereafter to prevent rejection.  Following 

the the transplant data doses, most studies target tacrolimus levels between 5 and 10 

ng/ml in children with SRNS [82, 83].  Our data suggests that aiming at a C0 
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(7.0±2.17 ng/ml) may be appropriate, which may be possible, as these diseases are 

diverse in the pathogenic mechanism. The mechanism of action of tacrolimus in 

SRNS appears to be due to its immunosupressive effects and direct action on 

podocyte cytoskeleton.  

Tacrolimus is a more potent drug compared to cyclosporine and suppresses cytokine 

production, interleukin-18 (IL-18) and IL-12, decreases mRNA levels of granulocyte 

macrophage colony stimulating factor, tumor necrosis factor alpha, interferon and c-

myc in activated T cells. Tacrolimus affects growth and differentiation of T and B 

lymphocytes resulting in potent immunosuppression 

 

Fig. No 25- UP: UC in different Groups after 12 Weeks of initial Treatment with 

Tacrolimus 
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Fig. No-26 Serum Albumin in different Groups after 12 Weeks of initial 

Treatment with Tacrolimus 

Table No. 11    Descriptive Analysis of Haematological Tests 

Parameter 
Mean (SD) 

Median (IQR) 
At Diagnosis At 12 Weeks 

Haemogram    

Hb 
Mean (SD) 

Median (IQR) 

10.93 (1.67) 

11.15 (2.63) 

11.96 (1.38) 

12.25 (1.25) 

WBC 
Mean (SD) 

Median (IQR) 

9609 (2181) 

9405 (2592) 

8577 (1704) 

8310 (1945) 

DLC 

 

Neutrophil 

Mean (SD) 

Median (IQR) 

50.52 (8.60) 

51 (12.0) 

50.69 (6.47) 

50.0 (5.5) 

Lymphocyte 
Mean (SD) 

Median (IQR) 

43.45 (8.69) 

41 (13) 

41.94 (7.24) 

43.00 (6.50) 

Monocyte 
Mean (SD) 

Median (IQR) 

5.23 (2.92) 

4.0 (3.25) 

6.06 (3.26) 

5.0 (3.00) 

Eosinophil 
Mean (SD) 

Median (IQR) 

0.58 (0.96) 

0 (1.0) 

1.15 (2.72) 

0.0 (2.0) 

Platelets 
Mean (SD) 

Median (IQR) 

3.66 (1.46) 

3.215 (1.05) 

2.58 (0.53) 

2.63 (0.77) 
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Table No. 12    Descriptive Analysis of Biochemical Tests 

 

Kidney 

Function Test 

Mean (SD) 

Median (IQR) 
At Diagnosis At 12 Weeks 

Urea 
Mean (SD) 

Median (IQR) 

32.56 (18.89) 

29 (8) 

22.23 (9.43) 

19.0 (9.0) 

Creatinine 
Mean (SD) 

Median (IQR) 

0.41 (0.14) 

0.395 (0.13) 

0.40 (0.14) 

0.390 

Uric acid 
Mean (SD) 

Median (IQR) 

4.25 (1.11) 

4.15 (1.13) 

4.11 (0.72) 

4.1 (0.58) 

Serum Electrolytes  

Na 
Mean (SD) 

Median (IQR) 

140.34 (3.04) 

140.0 (4.0) 

140.72 (2.30) 

141 (2.0) 

K 
Mean (SD) 

Median (IQR) 

4.29 (0.50) 

4.3 (0.63) 

4.09 (0.27) 

4.1 (0.23) 

Calcium 
Mean (SD) 

Median (IQR) 

8.66 (0.71) 

8.7 (0.70) 

9.31 (0.41) 

9.3 (0.53) 

Phosphorous  
Mean (SD) 

Median (IQR) 

4.12 (0.56) 

4.15 (0.80) 

4.09 (0.40) 

4.1 (0.40) 

ALP 
Mean (SD) 

Median (IQR) 

125.02 (47.53) 

120 (27.75) 

126.42 (33.52) 

123.00 (46.50) 

TP 
Mean (SD) 

Median (IQR) 

5.79 (0.93) 

6.0 (0.93) 

6.72 (0.76) 

6.7 (1.20) 

ALB 
Mean (SD) 

Median (IQR) 

2.47 (0.75) 

2.65 (1.30) 

3.56 (0.54) 

3.6 (0.53) 

Lipid Profile    

Total Chl. 
Mean (SD) 

Median (IQR) 

228.93 (72.87) 

215.5 (75.50) 

155.83 (35.07) 

156.0 (50.25) 

HDL 
Mean (SD) 

Median (IQR) 

52.17 (15.42) 

49.0 (13.50) 

43.36 (8.17) 

43.0 (6.25) 

LDL 
Mean (SD) 

Median (IQR) 

148.10 (54.38) 

128.5 (64.50) 

94.36  

TG 
Mean (SD) 

Median (IQR) 

206.98 (70.65) 

195.0 (88.75) 

132.13 (32.71) 

126.0 (51.75) 
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The results of Laboratory investigations presented that 81% (49/60) of patients had 

complete remission while 7% (4/60) were in partial remission and 12% (7/60) were in 

Non-remission status after minimum 12 weeks of initial treatment with Tacrolimus. 

The mean trough level of tacrolimus of (n=60 patients) at the follow-up after a 

minimum of 12 weeks of Tacrolimus treatment was found 6.6±2.2 ng/mL. The mean 

C0 of Tacrolimus was higher in the remission group than in the non-remission group 

(7.0 ng/ml, versus 4.18 ng/ml, p=0.004). 

Table No.  13  - Side effects Profile of Tacrolimus Treatment 

Parameter (n)  

Headache 7 

Diarrhoea 4 

Constipation 3 

Nausea 12 

Vomiting 7 

Heartburn 14 

Stomach pain 2 

Loss of appetite 11 

 

The major side effect of Tacrolimus noted during treatment were heartburn/acidity in 

28.3% (n=17/60), loss of appetite, 23.3% (n=14/60), Nausea 13.3% (n=9/60), 

however, no other major side effect was reported in patients. 
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Table No. 14  - BP Centiles in SRNS Patients 
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PR: Partial Remission 

NR: Non Remission 

Fig. No. 27 Treatment outcome status after 12 weeks of treatment with 

Tacolimus in 60 SRNS Patients. 
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 Table No. 15  -Tacrolimus level in different groups (Initial Resistant and Late 

Resistant) 

       N Mean 

Std. 

Deviatio

n 

Std. 

Error 

95% Confidence 

Interval for Mean 

Minimu

m Maximum 

Lower 

Bound 

Upper 

Bound 

Initial 

Resistant 

22 6.3909 2.33909 .49870 5.3538 7.4280 3.00 10.90 

Late Resistant 38 6.7316 2.17095 .35217 6.0180 7.4452 3.10 13.00 

Total 60 6.6067 2.22046 .28666 6.0331 7.1803 3.00 13.00 

 

Table No. 16   Descriptive Analysis of Biochemical Tests in different groups  

Initial Resistant and Late Resistant 

 N Mean 

Std. 

Deviation Std. Error 

95% Confidence Interval 

for Mean 

Minimu

m 

Maximu

m 

Lower 

Bound 

Upper 

Bound 

S
p

o
t_

U
P

U
C

 

Initial  22 6.85545 4.904990 1.045747 4.68070 9.03021 1.800 17.110 

Late 38 .13695 .040744 .006610 .12356 .15034 .012 .190 

Total 60 2.60040 4.384538 .566041 1.46775 3.73305 .012 17.110 

T
P

_
g
m

d
l 

Initial  22 5.4986 .82026 .17488 5.1350 5.8623 3.60 7.28 

Late 38 6.0750 .60641 .09837 5.8757 6.2743 3.94 6.80 

Total 60 5.8637 .74064 .09562 5.6723 6.0550 3.60 7.28 

A
lb

u
m

in
 

Initial  22 1.9536 .76964 .16409 1.6124 2.2949 .90 4.23 

Late 38 2.7239 .64636 .10485 2.5115 2.9364 1.32 3.60 

Total 60 2.4415 .78292 .10107 2.2393 2.6437 .90 4.23 

C
h

o
le

st
er

o
l 

Initial  22 234.91 69.976 14.919 203.88 265.93 141 436 

Late 38 178.92 42.502 6.895 164.95 192.89 112 283 

Total 60 199.45 60.133 7.763 183.92 214.98 112 436 
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The results of Laboratory investigations presented that 81% (49/60) of patients had 

complete remission while 7% (4/60) were in partial remission and 12% (7/60) were in 

non-remission status after minimum 12 weeks of initial treatment with Tacrolimus. 

The mean trough level of tacrolimus of (n=60 patients) at the follow-up after a 

minimum of 12 weeks of Tacrolimus treatment was found 6.6±2.2 ng/mL. 

The clinical profile and trough level of tacrolimus showed a better treatment outcome 

with tacrolimus therapy. The mean C0 of Tacrolimus was higher in the remission 

group than in the non-remission group (7.0 ng/ml, versus 4.18 ng/ml, p=0.004). 

Detection of tacrolimus by immunoassay is also a preferred method nowadays. These 

methods mostly include the use of anti-tacrolimus antibodies conjugated with specific 

antigens. Antibodies used in immunoassay are well known to cause cross-reactivity 

with a variety of metabolites. Advances in immunoassay measurement involve 

automated specimen pre-treatment, enhanced reagent stabilities to lower potential 

matrix effect, and new anti-Tac antibodies that provide more sensitivity and affinity to 

the target drug. Immunoassay continues to be used in many laboratories across the 

country because of its ease of use and lower costs associated with services. Many 

laboratories find this option appealing because it does not involve a high level of 

technical skill from staff; the equipment can be leased; and the manufacturer often 

provides training, support, and maintenance for these systems. A study held in Japan 

had mentioned that the Microparticle enzyme immunoassay was the most widely used 

method for more than 20 years.  

Although there has been literature suggesting LC-MS as the gold standard assay due 

to its high specificity it has a major disadvantage of a high-ended and costly setup, 

moreover requires extremely trained professionals. Ultimately labs now prefer 

immunoassays as they are more cost-effective and do not require specialized training. 

Although the major disadvantage the immunoassays exhibit is cross-reactivity with 

different metabolites, with advances in technology newer methods like PETIA, 

CEDIA, and Dried blood spot analysis have been implemented. Studies have 

exhibited that these techniques significantly correlated with the gold standard 

techniques and they were found to be cost-effective. CEDIA correlated well with LC-

MS (r= 0.924) and could detect TAC concentration between1-30ng/ml. It further 

followed 2 point calibration throughout standard curve assay. On the other hand, 
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PETIA is emerging as the most cost-effective procedure nowadays. Correlation 

studies also established a highly significant association between test specimens with 

PETIA to that of LC-MS (r = 0.972) and the Abbott Architect assay (r=0.937). PETIA 

can detect as low as 1ng/ml with linearity of 0-30ng/ml. It also follows 6 point 

calibration which makes this technique highly sensitive. Dried spot analysis using 

finger prick is usually a less invasive, painless method for clinical analysis but this 

technique needs proper validation for implementation. 

LC-MS and Immunoassay are two important techniques that are used for the 

therapeutic monitoring of Tacrolimus. The LC-MS is a gold standard method which 

requires high costs and full validation for use. A high degree of technical ability and 

extensive training is required to perform this type of testing. Turbidimetric 

immunoassays can be considered a better alternative to LC-MS in terms of cost and 

turnaround time (TAT), especially in resource-constraint laboratory facilities. 

Chapter I focused on a brief introduction to Nephrotic Syndrome, Steroid Resistant 

Nephrotic Syndrome and brief introduction to different laboratory methods. The 

profiles of drugs used in research are discussed in this chapter. The literature review 

of Nephrotic Syndrome, Steroid Resistant Nephrotic Syndrome and drug was 

discussed in Chapter II. In this chapter briefly were discussed available articles on 

different analytical techniques. Chapter III discussed in detail the objective and plan 

of the research work. Chapter IV discussed the material & method used in the 

research work. This chapter has also discussed about the principle & summary of test 

used in the research. Chapter V highlighted the results & discussion. The summary& 

conclusion has been mentioned in Chapter-VI. The limitation and future scope of the 

study has been mentioned in chapter VII. 

 

 

 

 

 



CHAPTER-6 

SUMMARY AND CONCLUSION 

  



 

60 
 

6. SUMMARY & CONCLUSION 

Summary 

The present study was a cross sectional prospective study to evaluate the trough 

concentration of Tacrolimus in Children with steroid resistant nephrotic syndrome.   

60 children between 1 to 16 years of age with steroid-resistant Nephrotic Syndrome 

were included. The study was conducted from January 2021 to January 2022. All 

clinical parameters were noted at onset and after 12 weeks of standard treatment like 

BP, Weight Height etc. Trough concentration of Tacrolimus was measured after a 

minimum of 12 weeks of treatment using Particle-Enhanced Turbidimetric 

Immunoassay (PETIA). Biochemical and haematological laboratory parameters were 

also done at onset and after 12 weeks of standard treatment with Tacrolimus. The 

correlation of various laboratory parameters was done in different group i.e. 

remission, non-remission and partial remission to evaluate the outcome of treatment. 

The findings were as follows: 

1. The results of Laboratory investigations presented that 81% (49/60) of patients 

had complete remission while 7% (4/60) were in partial remission and 12% 

(7/60) were in non-remission status after minimum 12 weeks of initial 

treatment with Tacrolimus.  

2. The mean trough level of tacrolimus of (n=60 patients) at the follow-up after a 

minimum of 12 weeks of Tacrolimus treatment was found 6.6±2.2 ng/mL.  

3. The clinical profile and trough level of tacrolimus showed a better treatment 

outcome with tacrolimus therapy. The mean C0 of Tacrolimus was higher in 

the remission group than in the non-remission group (7.0 ng/ml, versus 4.18 

ng/ml, p=0.004).  

4. The mean drug dose of tacrolimus in patients with remission (n=49) was 0.11 

mg/kg/daily and the mean dose of tacrolimus in partial remission and non-

remission patients was found 0.10 mg/kg/daily which shows that there was no 

significant relation of drug dose found with treatment outcomes of different 

groups.  
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5. There was a significant correlation of three important laboratory parameters 

C0 of Tacrolimus (p=0.004) UP: UC ratio (p=0.000), and serum albumin level 

(p=0.000) in remission, partial remission, and non-remission groups.  

6. 63% patients (n=38/60) were late resistant to steroid treatment while 38% 

(n=22/60) were initial resistant.  

7. The mean age at onset of diseases was 67.08 months.  

8. The gender distribution ratio was 1.72:1. The male children were higher at 

63% (n=38/60) while female children were 37% (n=22/60).   

9. The Kidney biopsy was done in 43.3% (n=26/60 patients). The results of 

kidney Biopsy presented that minimal change disease ((MCD n=17/26) was 

the most common histological diagnosis, followed by Focal Segmental 

Glomerulosclerosis (FSGS n=9/26).  

10. The edema was noted in the majority of patients at the onset of the disease.  

11. Many related clinical conditions like Edema 43.3% (n=26/60), Hypertension 

16.6% (n=10/60), Hematuria 15% (n=9/60), Oliguria 6.6% (n=4/60), Fever 

11.6% (n=7/60), Joint pain 5% (n=3/60), rashes 3.3% (n=2/60) were noted in 

patients during SRNS treatment. The family history of Idiopathic Nephrotic 

Syndrome was found only in one patient. Good compliance was noted in 

almost all patients only two patients showed poor compliance to treatment. 

12. Significant correlation was found between Serum albumin and Serum 

cholesterol between different groups. 

13.  The major side effect of Tacrolimus noted during treatment were 

heartburn/acidity in 28.3% (n=17/60), loss of appetite, 23.3% (n=14/60), 

Nausea 13.3% (n=9/60), however, no other major side effect was reported in 

patients. 

14. The mean C0 of Tacrolimus in patients showing complete remission was 

higher than in children with non-remission. The mean trough concentration 

found in our study was 6.6 ng/ml which is significantly low in comparison 
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with the therapeutic range of Tacrolimus noted in kidney transplant patients. 

However it was higher than the similar published study by Jahan Afsana, 

Pediatr Nephrol which has reported the mean trough level of Tacrolimus 

between 2.1 to 4.8 ng/ml in remission. The Mean C0 of remission patients of 

our study was higher than in the non-remission group (7.0 ng/ml, versus 4.18 

ng/ml, p=0.004). There was no significant correlation of trough level of 

tacrolimus and drug doses in different groups. There was a significant 

correlation of three important laboratory parameters Tacrolimus C0, UP: UC 

ratio, and serum albumin and Cholesterol level in remission, partial remission, 

and non-remission groups.   

15. The study was conceived with the Hypothesis that the clinical efficacy of 

Tacrolimus in SRNS children is related to its trough levels in Indian children. 

Our findings also corroborate that regular monitoring of trough level of 

Tacrolimus during treatment may play an important role in treatment 

outcomes. The trough level of the drug can be a better indicator for clinical 

management of SRNS. The Particle-enhanced Turbidimetric Immunoassay 

(PETIA) can be a an alternative to LCMS which is being utilized  for drug 

monitoring.  

To our knowledge, this was one of the largest studies of north India undertaken to 

evaluate the trough level of Tacrolimus in Children with Steroid Resistant 

Nephrotic Syndrome (SRNS). Our study has demonstrated that-   

1) The regular monitoring of Tacrolimus is very important for proper treatment 

and clinical management of patient with SRNS. 

2) Trough level of drug can be a better indicator for clinical management. 

3) The mean trough concentration found in our study was 6.6 ng/ml which is 

significantly low in comparison with the established therapeutic range of 

Tacrolimus extrapolated from kidney transplant patients.  

4) The Mean Concentration of Tacrolimus in patients with remission was 7.016 

ng/ml, in partial remission group was 5.825 ng/ml and in non-remission 

patients was 4.186 ng/ml 
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5) Proteinuria, Hypoalbuminemia, Edema and Hypertension were prominent 

condition in patients at the onset of Diseases and during Steroid Treatment. 

6) The major side effect of Tacrolimus noted during treatment were 

heartburn/acidity in 28.3% (n=17/60), loss of appetite, 23.3% (n=14/60), 

Nausea 13.3% (n=9/60), however, no other major side effect was reported in 

patients. 

7) PETIA can be an alternative of LCMS for TDM of Tacrolimus, however, a 

pharmacokinetic study with large sample size and a long-term follow-up with 

more patients is required to substantiate the findings. 
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7. LIMITATIONS & FUTURE SCOPE 

The limitations of our study are: 

 This study was undertaken to evaluate trough concentration of Tacrolimus in 60 

Children with Steroid Resistant Nephrotic Syndrome (SRNS) and Tacrolimus level 

was measured after minimum 12 weeks treatment with Tacrolimus. Single sample 

was taken to measure trough concentration, however, further studies can be 

considered with multiple sampling and large sample size for pharmacokinetic study in 

SRNS.  

This study was performed on particle enhanced turbidimetric immunoassay (PETIA) 

which may be considered an economic alternative of LCMS however comparative 

study is suggested with LCMS to substantiate the finding.  

The study was done a tertiary care children hospital of north India. Similar multi 

center studies may be considered in future for safety, efficacy and better treatment 

outcomes.  
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MEMORANDUM OF UNDERSTANDING 

Between 
  

Department of Clinical Research, 
School of Biosciences & Biomedical Engineering,  

Galgotias University, Greater Noida, Uttar Pradesh 203201. 
  

And the 

Lady Hardinge Medical College and Associated Hospitals, 
Shaheed Bhagat Singh Marg, Connaught Circus, 

New Delhi-110001 

 

TERMS OF UNDERSTANDING 

 

Department of Clinical Research, School of Biosciences and Biomedical Engineering, Galgotias 

University and Lady Hardinge Medical College and Associated Hospitals (individually a party 

and collectively parties to this Memorandum) undertake that: 

 

1. Mutual benefit can be derived through creating platforms for exchange of experiences and ideas 

to recognize similarities, differences and potential opportunities for collaborative learning to 

strengthen Academic & Research objectives in PhD Clinical Research Programme. 

 

2. Further, to achieve above stated objectives, the both parties agreed to the following areas of 

cooperation and understanding with regard to the PhD Research Proposal of Mr. Kaptan Singh 

Sehrawat, Technical Officer from Department of Clinical Biochemistry, Kalawati Saran 

Children‟s Hospital who is pursuing his PhD in Clinical Research as part time candidate from 

Galgotias University, Greater Noida. The details of his research proposal is as under- 

 

(A) Title of Research Proposal: “To evaluate trough concentration of Tacrolimus in children 

with steroid resistant Nephrotic Syndrome” 

  

(B) Principal Investigator: Mr Kaptan Singh Sehrawat shall be as Principal Investigator (PI) 

and Dr Preeti Chauhan, Associate Professor of Biochemistry; LHMC shall be as Co. 

Investigator of said PhD research project. 

  

(C) Supervisor: Dr (Prof.) Ranjana S Patnaik, Dean, Department of Clinical Research, School 

of Biosciences and Biomedical Engineering, Galgotias University. 
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ANNEXURE-VII 

 

PARTICIPANTS INFORMATION SHEET 
 

DEPARTMENT OF PEDIATRICS  
KALAWATI SARAN CHILDREN‟S HOSPITAL 

DELHI - 110001 
 

You are being invited to participate in a research study. Before you take part in 

this research study, we wish to explain the study to you and give you the chance 

to ask questions. Please read carefully the information provided here. If you agree 

to participate, please sign the informed consent form. 

 

Title of study: A Study To Evaluate Trough Concentration of Tacrolimus in 

Children with Steroid Resistant Nephrotic Syndrome 

  

Principal investigator: Mr Kaptan Singh Sehrawat 

Supervisors: Dr. Ranjana S Patnaik, PhD, Dean, Galgotias University 

Co. Supervisor: Dr Abhijeet Saha, Professor of Pediatrics, KSCH 

       Dr Preeti Chauhan, Professor of Biochemistry 

 

Purpose of Study: 

Nephrotic Syndrome (NS) is a common kidney disorder in children. The 

diagnosis and treatment of SRNS in children could be a challenging task for 

Nephrologist due to limited treatment options. The constant and reliable 

therapeutic monitoring of given drug level is utmost important to avoid toxicity 

effect of drug and to evaluate the safety and efficacy of treatment. To study the 

correlation of tacrolimus levels with clinical remission in children with SRNS and 

to study to side effect profile of tacrolimus in children with SRNS 

Study Procedure: 

You will be one of the 50 patients; we plan to recruit in this study. Your blood 

sample (3 ml) will be withdrawn after 12 weeks of standard treatment for your 

disease and regularly followed up in OPD. 
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 Expected Duration of Subject Participation 

Patient will be involved in the study for 12 weeks. 2 blood samples will be taken 

12 weeks apart. 

Possible benefits to subject and other people: 

The results of the research may provide benefits to the society in terms of 

advancement of medical knowledge and/or therapeutic benefit to future patients. 

Possible risks to subjects:  

The only discomfort will be due to taking out blood samples. All precautions will 

be taken to minimize the complications due to sampling by performing it under 

strict aseptic precautions. 

Compensation: 

Not applicable 

Cost to the participant: 

The expenses for investigations will be borne by the hospital 

Withdrawl from the Study: 

You are free to not to participate, or withdraw from the study at any time. The 

treatment of the child will continue as before. 
 

Confidentiality of the information obtained from you: 

Information obtained about the patient during the research will be kept strictly 

confidential. The information from this study, if published in scientific journals or 

presented at scientific meetings, will not reveal your identity. By signing the 

consent form you authorise the sharing of your study related medical records to 

the regulatory authority and institutional ethical committee. 

Contact person-  

For further information / questions, you can contact us at the following address:  

Principal investigator: Mr Kaptan Singh Sehrawat 

Co. Supervisor: Dr Abhijeet Saha, Professor of Pediatrics Nephrology, KSCH 
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ANNEXURE- VII 

(Hindi) 

रोगी सूचना पत्र 

बालरोग विभाग 

लेडी हावडिंग मेवडकल कॉलेज और 

कलािती सरन बाल अस्पताल ,विल्ली-110001 
 

vkidks ,d “kks/k v/;;u esa Hkkx ysus ds fy, vkaef=r fd;k tk jgk gSA 
bl v/;;u esa Hkkx ysus ls igys] ge vkids fy, v/;;u dh O;k[;k djuk 
pkgrs gSa vkSj vkidks loky iwNus dk ekSdk nsuk pkgrs gSa A vxj vki Hkkx 
ysus ds fy, lger gS rks lwfpr lgefr i= ij gLrk{kj djsa A 

 

अध्ययन का शीर्षक: से्टरॉयड रेवसस्टेंट नेफ्रोवटक वसिंडर ोम (एस.आर.एन.स) के मरीजोिं 
में टेक्रोवलमस डर ग के वनम्न स्तर का का मूल्ािंकन करना है । 
 

प्रधान अने्वर्क : कप्तान वसिंह सहराित

सह-अने्वर्क : डॉ अवभजीत साहा (प्रोफेसर, बाल विवकत्सा नेफ्रोलॉजी विभाग बालरोग 
विभाग) डॉ प्रीती िौहान, प्रोफेसर, जीि रसायन विभाग, लेडी हावडिंग मेवडकल कॉलेज 
विल्ली   
 

अध्ययन का उदे्दश्य 

से्टरॉयड रेवसस्टेंट नेफ्रोवटक वसिंडर ोम (एस.आर.एन.स) के मरीजोिं में टेक्रोवलमस डर ग के 
वनम्न स्तर का     
का मूल्ािंकन करना है । 
 

अध्ययन प्रक्रिया 

से्टरॉयड रेवसस्टेंट नेफ्रोवटक वसिंडर ोम (एस.आर.एन.स) के मरीज वजने्ह मानक इलाज के 
वलए टेक्रोवलमस डर ग को विया जायेगा उनके रक्त के नमूने 12 सप्ताह के अिंतराल पर 
वलए जाएिं गे और टेक्रोवलमस डर ग के वनम्न स्तर को मापा जायेगा । 

रोगी 12 सप्ताह के वलए अध्ययन में शावमल वकया जाएगा एििं रक्त का नमूना 12 

सप्ताह के अिंतराल पर जायेगा । 
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क्रिर्य और अन्य लोगो ों के क्रलए सोंभाक्रित लाभ 

 

अनुसिंधान के पररणाम भविष्य के रोवगयोिं को विवकत्सा ज्ञान और/या विवकत्सीय लाभ की 

उन्नवत के रूप में समाज को लाभ प्रिान कर सकते हैं। 

 

क्रिर्यो ों के क्रलए सोंभाक्रित जोखिम 

 

रक्त की जािंि असुविधा का एक मात्र कारण होगी। जािंि वनकालने की िजह से होने 
िाली नुकसान को कम करने के वलए सभी एसेविक सािधावनयािं बरती जाएिं गी. 
 

नुकसान भरपाई 

लागूनही िं 
 

प्रक्रतभागी की लागत 

जािंि के वलए खिच अस्पताल द्वारा िहन वकया जाएगा 
 

अध्ययन में भाग लेने से िापसी 

इस शोध में भागीिारी विशुद्ध रूप से सै्वच्छिक हैA jksxh fdlh Hkh le; fcuk dkj.k 

विए वबना, vius bykt ij izHkko Mkys fcuk, viuh ethZ ls vuqla/kku ls gV 

ldrk gSA 

 

आपसे प्राप्त जानकारी की गोपनीयता 
vuqla/kku के िौरान रोगी के बारे में izkIr जानकारी पूरी तरह गोपनीय रखी जाएगी। 
इस अध्ययन की जानकारी यवि िैज्ञावनक पवत्रकाओिं में प्रकावशत या िैज्ञावनक बैठकोिं में 
प्रसु्तत की जाती है तो आपकी पहिान उजागर नही िं होगी। Lkgefr QWkeZ ij 

gLrk{kjdj ds vki fu;ked izf/kdkj.kksa vkSj laLFkkxr uSfrd lfefr dks vius 

v/;;u ls lacaf/kr fpfdRlk fjdkWMZ lk>k djus dk vf/kdkj nsrs gaS । 

सोंपकष  व्यखि 

अवधक जानकारी / प्रश्ोिं के वलए, आप हमें वनम्नवलच्छखत पते पर सिंपकच  कर सकते हैं 

प्रधान अने्वषक-कप्तान वसिंह सहराित  
तकनीकी अवधकारी, के.एस.सी.एि. 
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ANNEXURE-VIII 

INFORMED CONSENT 

 
Patient identification number:  

I ………………………….father/mother of…………………………….., a resident of 

…………………………………………………………………………………………

…….., hereby declare that I give informed consent to participate in the study titled 

“To evaluate trough level concentration of Tacrolimus in Children with Steroid 

Resistant Nephrotic Syndrome” 

The contents of the information sheet dated ……………….. that was provided have 

been read carefully by me / explained in detail to me, in a language that I 

comprehend, and I have fully understood the contents. I confirm that I have had the 

opportunity to ask question. 

The nature and purpose of the study, details of blood investigations, potential risks / 

benefits from study, expected duration of the study, and other relevant details of the 

study have been explained to me in detail in my language. I understand that my 

participation is voluntary and that I am free to withdraw at any time, without giving 

any reason, without my medical care or legal right being affected. 

I understand that the information collected about me from my participation in this 

research and sections of any of my medical notes may be looked at by responsible 

individuals. I give permission for these individuals to have access to my records. 

 I give my free full voluntary consent for being enrolled in above study 

Name of the Subject       Date 

Signature of the Guardian 

Name of the Guardian       Date   

Relation to the Child: 

Signature of the Witness 

Name of the witness       Date  

This is to certify that the above consent has been taken in my presence.   

Signature of the Investigator 

Name of the Investigator      Date   
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ANNEXURE-VIII (Hindi) 

 

eSa  dk@dh ekrk@firk]        

   dk fjgk;”kh fuEufyf[kr v/;;u gsrq viuh lgefr nsrk@nsrh g¡wA 

स्टेरॉयड रेसिस्टेंट नेफ्रोटटक सििंड्रोम )सि.रर.सन.ि (के मरजीर में 
टे ोसऱमि ड्रन के गन न स्लर कट कट मूलयटिंकन करनट 

gesa jksxh lwpuki= iznku dj fn;k x;k gSA jksxh lwpuk i= fnukad    

  dks geusa /;kuiwoZd i<+ fy;k@gesa gekjh Hkk"kk esa le>k fn;k x;k gSA gesa blesa 

iz”u iwNus dh vuqefr ,oa volj iznku fd;s x, gSA eq>s bl v/;;u ds lHkkafor उद्देश्य, 

प्रकृगल, इिमें होने वटऱे िभी ीटिंचे, ykHk@uqdlku ds ckjs esa le>k fn;k x;k gSaA eq>s crk fn;k 

x;k gS fd v/;;u esa esjk Hkkx ysus iw.kZ :i ls LOkSfPNd gSa vkSj eS fdlh Hkh le; cxSj 

dksbZ dkj.k fn;s blls fudyus dks Lora= gw¡A blls esjs dykorh lju cky fpfdRlky; esa 

gksus okys bykt izHkkfor ugha gksxkA eq>s le>k fn;k x;k gS fd ,df=r tkudkjh ,oa 

bykt ls lacaf/kr nLrkost uSfrd :i ls ftEesnkj O;fDr ns[k ldrk gSA eS bldh vuqefr 

nsrk g¡wA 

eSa bl v/;;u esa Hkkx ysus ds fy, iw.kZ lgefr iznku djrk g¡wA 

jksxh dk uke %       fnukad %    

vfHkHkkod ds gLrk{kj %     fnukad %    

vfHkHkkod dk uke  %        

cPps ls laca/k  %        

xokg ds gLrk{kj %        fnukad % 

   

xokg dk uke  %        

vUos’kd ds gLrk{kj %     fnukad %    

vUos’kd dk uke %          
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ANNEXURE-IX 

 

ASSENT FORM 

Patient identification number:  

 

I……………………… , a resident of …………………………………………….., 

hereby declare that I give informed consent to participate in the study titled “To 

evaluate trough level concentration of Tacrolimus in Children with Steroid Resistant 

Nephrotic Syndrome”  

The contents of the information sheet dated ……………….. that was provided have 

been read carefully by me / explained in detail to me, in a language that I 

comprehend, and I have fully understood the contents. I confirm that I have had the 

opportunity to ask question. 

The nature and purpose of the study, details of blood investigations, potential risks / 

benefits from study, expected duration of the study, and other relevant details of the 

study have been explained to me in detail in my language. I understand that my 

participation is voluntary and that I am free to withdraw at any time, without giving 

any reason, without my medical care or legal right being affected. 

I understand that the information collected about me from my participation in this 

research and sections of any of my medical notes may be looked at by responsible 

individuals. I give permission for these individuals to have access to my records. 

 I give my free full voluntary consent for being enrolled in above study. 

Signature of Participant      Date 

Name of the Participant 

We are witness that the child has signed the acceptance letter with his full consent. 

Signature of the Witness 

Name of the witness       Date  

 

Signature of the Investigator 

Name of the Investigator      Date  
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ANNEXURE-IX-Hindi 

 

eSa            dk 
fjgk;”kh fuEufyf[kr v/;;u gsrq viuh lgefr nsrk@nsrh g¡wA 

 

gesa jksxh lwpuk i= iznku dj fn;k x;k gSA jksxh lwpuk i= fnukad   dks 

geusa /;ku iwoZd i<+ fy;k@gesa gekjh Hkk"kk esa le>k fn;k x;k gSA gesa blesa iz”u iwNus 

dh vuqefr ,oa volj iznku fd;s x, gSA eq>s bl v/;;u ds lHkkafor mÌs';] izd`fr] blesa 

gksus okys lHkh tkapsa] ykHk@uqdlku ds ckjs esa le>k fn;k x;k gSaA eq>s crk fn;k x;k gS 

fd v/;;u esa esjk Hkkx ysuk iw.kZ :i ls LOkSfPNd gSa vkSj eS fdlh Hkh le; cxSj dksbZ 

dkj.k fn;s blls fudyus dks Lora= gw¡A blls esjs dykorh lju cky fpfdRlkYk; esa gksus 

okyk bykt izHkkfor ugha gksxkA eq>s le>k fn;k x;k gS fd ,df=r tkudkjh ,oa bykt 

ls lacaf/kr nLrkost uSfrd :i ls ftEesnkj O;fDr ns[k ldrk gSA eS bldh vuqefr nsrk 

g¡wA 

eSa bl v/;;u esa Hkkx ysus ds fy, iw.kZ lgefr iznku djrk g¡wA 

 

izfrHkkxh ds gLrk{kj %    fnukad      

izfrHkkxh dk uke %         

 

ge xokg gS fd cPps us vius iw.kZ lgefr ds lkFk Lohd`fr i= ij gLrk{kj fd;k gSA  

 

xokg ds gLrk{kj %     fnukad      

xokg dk uke  %         

 

vUos’kd ds gLrk{kj %     fnukad     

vUos’kd dk uke
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ANNEXURE-X 

A Study to Evaluate Trough Concentration of Tacrolimus in Children 

with Steroid Resistant Nephrotic Syndrome 

CASE PERFORMA 

Date of contact: Name: 

C.R. No. Age/Sex: 

Fathers Name: Address: 

Ph. No.  

 

HISTORY 

A. FEATURES AT ONSET- NEPHROTIC SYNDROME 

 

Month/year:     Age at onset: 

Hematuria:  Gross    Microscopic         Nil  

Hypertension:     Oliguria: 

Fever:      Rash:   Joint Pain: 

Family history of Idiopathic Nephrotic Syndrome 

Family history of CVD 

 

B. TREATMENT HISTORY OF FIRST EPISODE 

 

 Steroid treatment at onset 

Drug: 

Daily dose:    Duration: 

Alternate day dose:   Duration: 

 Any Other Medication 

 

 

C. COURSE DURING TREATMENT OF FIRST EPISODE 

Remission: Yes/ No 

Spot UP:UC: 
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Serum Protein:    Seruma Albumin:  

T.Chol: 

 

D. RELAPSES (IF ANY) 

Relapses No               Treatment Response to 

Treatment 

   

E. SRNS Details 

 

 Date on which  SRNS diagnosed 

 Age on diagnosis of SRNS 

 Renal Biopsy 

 Date on which Tacroliums Started: 

 Fill Counts- Yes/No 

 Compliance: Poor/Good 

 Immuno Suppression Details (Duration) 

 Initial/ Late Resistance 

F.  EXAMINATION 

 

General Physical Examination 

 Weight:   Height:    

 BMI: 

 PR:    RR:      BP: 

 Edema:   Ascites 

  

 BP Centiles SBP DBP 

50
th

   

90
th

   

95
th

   

95+12   
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         BP (Father) :                                 BP (Mother): 

 

Systemic Examination 

 Respiratory: 

 CVS: 

 Per Abdomen: 

 CNS:
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INVESTIGATIONS 

 
At diagnosis of SRNS At 3 months 

Haemogram 

HB   

TLC   

DLC   

Platelets   

Kidney Function Test 

Urea   

Creat   

Uric acid   

Serum Electrolytes 

Na   

K   

Cal/po4   

ALP   

TP/ALB   

Lipid Profile 

Total Chl.   

HDL   

LDL   

TG   

Serum  Mg
++

   

Urine  

UP/UC   

Urinary Mg
++

   

Urinary Creatinine   

 

  



 

100 
 

TREATMENT 

(a) Specific Treatment 

 

Indication: Initial Resistance/ Late Resistance 

 

Drug: 

 

Dose: 

 

 

(b) Lipid Lowering Treatment 

 

Diet: 

 

Physical Exercise: 

 

Pharmacological Agent: 

 

 

(c) Any Other Medication 
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ANNEXURE-XI 

DEPARTMENT OF BIOCHEMISTRY 

DRUG ASSAY & ADVANCED BIOCHEMISTRY LAB 

KALAWATI SARAN CHILDREN’S HOSPITAL, NEW DELHI 

 

Name:  

Ward/OPD   Age/Sex  

UHID/C.R. No.  Sample Id  

Date of Reporting   

 

Investigation Result                    Unit 

TACROLIMUS (FK506),  

Whole blood 

(Immunoassay) 

 ng/mL 

*
Reportable Range-1 to 30ng/ml 

*
Therapeutic range is based on whole blood specimen drawn 12hrs post dose or prior 

to next dose (trough). 
*
The optimal therapeutic range for tacrolimus in whole blood has not been stabilised 

with this assay.  

LIMITATIONS: 

1. Immunoassays are non-specific and cross react with metabolites. Because of this 

immunoassay may overestimate the concentration of tacrolimus. 

2. The test findings should always be assessed in conjunction with the patient‟s 

medical history, clinical examination and other findings. 

3. Differences in sensitivity to immunosuppressive and nephrotoxic effects of 

tacrolimus, co administration of other immunosuppressant‟s, type of transplant, 

time post-transplant and a number of other factors contribute to different 

requirements for optimal blood levels of tacrolimus 
 

COMMENT:  Tacrolimus is a macrolide antibiotic with potent immunosuppressive 

functions used to prevent transplant rejection. Its half-life is 12 to 18 hrs, which 

suggest 2.5 day should elapse to assess effect of dose adjustment on tacrolimus level. 

Large intra-patient and inter-patient variability has been noted. So careful and 

frequent monitoring of tacrolimus is recommended, to minimize Nephrotoxic effect 

with adequate immunosuppression. 

Performed By: Verified by: 

 

K.S Sehrawat 

Technical Officer 

Dr. Saroj Choudhary 

Assistant Professor  

Dr. Smita Tripathi  

Professor & Lab I/C 
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ANNEXURE-XII 
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ANNEXURE-XIII 

(Master Sheet) 
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 d
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D
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1 1 72 1 1 0 0 1 0 0 0 0 1 2 6 

2 1 148 0 0 0 0 0 0 0 0 0 1 2 6 

3 0 166 0 1 0 0 0 0 1 0 0 1 2 6 

4 1 19 0 0 0 0 0 1 0 0 0 1 2 6 

5 0 84 1 1 0 0 0 0 0 0 0 1 2 6 

6 0 36 0 0 0 0 0 0 0 0 0 1 2 6 

7 1 117 0 0 0 0 0 0 0 0 0 1 2 4 

8 0 51 0 0 0 0 0 0 0 0 0 1 2 5 

9 1 60 0 0 0 0 0 0 0 0 0 1 2 6 

10 1 36 0 0 0 0 0 0 0 0 0 1 2 6 

11 0 114 0 0 0 0 0 0 0 0 0 1 2 4 

12 1 36 1 1 0 0 0 0 0 0 0 1 2 5 

13 0 50 0 0 0 0 1 0 0 0 0 1 2 6 

14 0 128 0 0 0 0 0 0 0 0 0 1 2 6 

15 0 24 1 1 0 0 0 0 0 0 0 1 2 6 

16 1 44 0 0 0 1 0 0 0 0 0 1 2 6 

17 0 39 0 0 0 1 0 0 0 0 0 1 2 5 

18 0 68 0 0 0 0 0 0 0 0 0 1 2 3 

19 1 37 0 0 0 0 1 1 0 0 0 1 2 6 

20 0 18 0 0 0 0 0 0 0 0 0 1 2 4 

21 0 36 0 0 0 0 0 0 0 0 0 1 2 6 

22 1 36 0 0 0 0 0 0 0 0 0 1 2 5 

23 0 84 0 0 0 0 0 0 0 0 0 1 2 6 

24 0 103 0 0 0 0 0 0 0 0 0 1 2 3 

25 1 96 0 0 0 0 0 0 0 0 0 1 2 6 

26 0 144 1 1 0 0 0 0 1 0 0 1 2 6 

27 0 128 0 0 0 0 0 0 0 0 0 1 2 6 

28 1 12 0 0 0 0 0 0 0 0 0 1 2 4 

29 1 29 1 0 0 0 0 0 0 0 0 1 2 6 

30 1 49 0 0 0 0 0 0 0 0 0 1 2 6 

31 0 72 0 0 0 0 0 0 0 0 0 1 2 6 

32 0 36 0 0 0 0 0 0 0 0 0 1 2 6 

33 0 168 0 0 0 0 0 0 0 0 0 1 2 6 

34 0 96 0 0 0 0 1 0 0 0 0 1 2 6 

35 0 62 0 0 0 0 0 0 0 0 0 1 2 6 

36 1 24 0 0 0 0 0 0 0 0 0 1 2 6 

37 0 84 0 1 0 0 1 0 0 0 0 1 2 6 

38 0 32 0 0 0 0 0 0 0 0 0 1 2 6 

39 0 84 0 0 0 0 0 0 0 0 0 1 2 6 

40 0 84 0 0 0 0 0 0 0 0 0 1 2 6 

41 1 96 0 0 0 0 0 0 0 0 0 1 2 6 

42 0 16 0 0 0 0 0 0 0 0 0 1 2 6 

43 0 84 0 0 0 0 0 0 0 0 0 1 2 6 

44 0 38 0 0 0 0 0 0 1 0 0 1 2 6 

45 0 120 0 0 0 0 0 0 0 0 0 1 2 6 

46 0 108 0 0 0 0 0 0 0 0 0 1 2 6 

47 1 111 0 0 0 0 0 0 0 0 0 1 2 6 

48 1 24 0 0 0 0 0 0 0 0 0 1 2 6 

49 0 18 0 0 0 0 0 0 0 0 0 1 2 6 

50 1 24 0 0 0 0 0 0 0 0 0 1 2 6 

51 0 88 0 0 1 0 0 0 0 0 0 1 2 6 

52 1 31 0 0 1 1 0 0 0 0 0 1 2 5 

53 1 74 0 0 1 0 0 0 0 0 0 1 2 4 

54 0 43 1 1 1 1 1 0 0 0 0 1 2 6 

55 0 36 1 1 1 0 0 0 0 0 0 1 2 6 

56 0 72 1 0 1 0 0 0 0 0 0 1 2 6 

57 0 132 0 0 1 0 1 0 0 0 0 1 2 6 

58 1 32 0 0 1 0 0 0 0 0 0 1 2 6 

59 0 48 0 0 1 0 0 0 0 0 0 1 2 6 

60 0 24 0 0 1 0 0 0 0 0 0 1 2 6 
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1 1 0.18 6.8 3.5 140 1.0 87 0.0 1 1 12 17.8 17.0 123 124.0 

2 1 0.14 5.9 3.6 188 1.0 156 0.0 1 1 12 40.8 40.5 152 152.0 

3 0 16.00 7.3 4.2 285 0.0 168 0.0 1 1 12 35.2 35.0 152 154.0 

4 1 0.14 5.2 2.5 227 1.0 29 0.0 1 1 12 9.5 9.0 82 82.0 

5 1 0.08 3.9 1.3 283 1.0 96 0.0 1 1 12 27.0 26.5 131 132.0 

6 1 0.19 6.3 3.0 141 1.0 98 0.0 1 1 12 16.0 16.0 95 95.0 

7 0 1.80 5.4 1.6 231 0.0 120 2.0 1 1 12 34.0 34.0 138 138.0 

8 0 4.60 4.7 1.3 186 0.0 53 0.0 1 1 12 13.6 15.0 98 98.0 

9 0 2.81 6.3 2.8 186 0.0 63 0.0 1 1 12 16.3 16.0 102 103.0 

10 1 0.14 6.8 3.4 166 1.0 49 0.0 1 1 12 13.4 15.0 104 104.0 

11 0 13.70 5.0 1.8 193 0.0 117 0.0 1 1 12 20.1 20.0 129 130.0 

12 0 2.71 5.8 2.3 192 0.0 38 0.0 1 0 12 14.0 14.0 101 100.0 

13 1 0.05 6.1 2.2 162 1.0 60 0.0 1 1 12 16.0 16.0 95 95.0 

14 1 0.10 6.3 3.0 163 1.0 165 0.0 1 1 12 43.2 42.0 156 156.0 

15 0 2.37 5.7 1.9 253 0.0 26 0.0 1 1 12 13.0 13.0 98 98.0 

16 1 0.13 6.6 3.4 124 1.0 72 0.0 1 1 12 16.0 15.0 112 112.0 

17 0 2.41 6.3 1.9 156 0.0 42 1.0 1 1 12 20.1 20.0 110 110.0 

18 0 2.91 6.1 1.8 256 0.0 72 1.0 1 0 12 24.0 24.0 123 123.0 

19 1 0.13 6.7 3.4 166 1.0 58 0.0 1 1 12 16.5 16.0 98 100.0 

20 0 17.11 5.9 1.3 192 0.0 20 0.0 1 1 12 9.7 9.0 76 76.0 

21 1 0.14 6.7 3.1 166 1.0 42 1.0 1 1 12 20.0 20.0 107 107.0 

22 0 11.73 5.5 1.6 166 0.0 39 0.0 1 1 12 14.0 14.0 96 96.0 

23 1 0.16 6.7 3.3 122 1.0 88 1.0 1 1 12 27.2 27.0 118 118.0 

24 0 11.50 5.1 2.1 283 0.0 105 0.0 1 1 12 31.0 30.0 131 131.0 

25 0 11.31 5.8 1.4 141 0.0 98 0.0 1 1 12 63.0 61.0 155 155.0 

26 1 0.17 6.5 3.2 166 1.0 192 1.0 1 1 12 32.0 32.0 156 156.0 

27 0 6.11 5.6 2.1 183 0.0 132 0.0 1 1 12 19.0 19.0 141 141.0 

28 0 3.39 5.6 1.6 286 0.0 15 1.0 1 1 12 10.3 10.0 94 94.0 

29 1 0.16 6.3 3.2 112 1.0 36 0.0 1 1 12 16.4 16.0 101 101.0 

30 0 2.29 5.5 2.4 213 0.0 53 2.0 1 1 12 18.3 18.0 98 98.0 

31 0 4.11 5.1 1.4 287 0.0 76 1.0 1 1 17 22.0 22.0 108 109.0 

32 1 0.14 5.8 1.7 267 1.0 42 1.0 1 1 15 13.0 13.0 106 106.0 

33 1 0.13 5.1 1.7 219 1.0 192 2.0 1 1 12 48.6 47.0 156 156.0 

34 1 0.04 5.9 2.8 180 1.0 108 0.0 1 1 12 27.3 27.0 128 128.0 

35 1 0.19 5.5 2.7 189 1.0 72 0.0 1 1 12 19.5 20.0 109 109.0 

36 1 0.12 5.6 2.0 176 1.0 39 0.0 1 1 12 15.8 16.0 94 94.0 

37 0 7.31 4.8 1.7 189 0.0 90 0.0 1 1 16 26.4 25.0 116 116.0 

38 1 0.11 5.8 2.6 166 1.0 38 0.0 1 1 12 15.7 16.0 107 108.0 

39 1 0.01 4.9 1.5 244 1.0 180 1.0 1 1 12 43.6 43.0 158 158.0 

40 1 0.11 5.8 3.0 226 1.0 144 1.0 1 1 12 42.3 43.0 152 152.0 

41 1 0.16 6.6 3.0 176 1.0 156 2.0 1 1 12 30.0 30.0 146 146.0 

42 1 0.17 6.4 3.1 174 1.0 24 1.0 1 1 15 15.0 15.0 104 105.0 

43 1 0.16 5.9 2.9 214 1.0 101 2.0 1 1 12 22.5 22.0 125 125.0 

44 1 0.11 6.7 3.2 164 1.0 18 1.0 1 1 12 10.6 10.0 95 95.0 

45 1 0.13 5.9 1.8 261 1.0 125 2.0 1 1 12 27.6 27.0 140 140.0 

46 1 0.14 5.9 2.8 206 1.0 114 0.0 1 1 12 24.0 24.0 132 133.0 

47 1 0.17 6.4 3.4 146 1.0 114 1.0 1 1 12 44.9 43.0 154 154.0 

48 1 0.13 6.0 3.1 186 1.0 57 2.0 1 1 12 15.7 15.0 105 105.0 

49 1 0.19 5.7 1.6 233 1.0 26 1.0 1 1 12 14.0 14.0 102 102.0 

50 1 0.14 6.4 2.8 166 1.0 32 2.0 1 1 12 15.5 15.0 100 101.0 

51 0 2.35 3.9 1.3 436 0.0 90 0.0 1 1 12 29.6 30.0 130 129.5 

52 0 11.63 6.5 3.6 331 0.0 29 0.0 1 1 12 8.1 9.0 92 93.0 

53 0 6.30 3.6 0.9 209 0.0 72 0.0 1 1 12 15.0 15.0 102 102.0 

54 1 0.12 6.7 3.1 157 1.0 48 0.0 1 1 12 14.7 15.0 102 103.0 

55 1 0.17 6.3 2.8 122 1.0 46 0.0 1 1 12 17.8 18.0 99 99.0 

56 1 0.17 6.8 3.1 139 1.0 77 0.0 1 1 12 22.0 22.0 114 114.0 

57 1 0.18 6.0 1.9 192 1.0 137 1.0 1 1 16 27.5 27.0 140 141.0 

58 0 6.37 5.5 1.9 314 0.0 34 1.0 1 1 12 21.0 20.0 105 105.0 

59 1 0.13 5.8 1.8 142 1.0 56 2.0 1 1 12 19.8 20.0 115 116.0 

60 1 0.17 6.1 3.0 128 1.0 37 1.0 1 1 12 22.0 22.0 121 122.0 
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1 11.8 11.1 95 22 96 52 0 0 95 56 108 70 111 73 123 

2 17.7 17.5 86 22 116 74 0 0 105 63 118 75 122 79 134 

3 15.2 14.8 94 20 120 80 0 0 104 60 118 74 122 77 134 

4 14.1 13.4 86 24 88 62 1 0 86 43 100 57 103 61 115 

5 15.7 15.2 90 26 98 74 1 0 97 58 109 72 113 75 125 

6 17.7 17.7 80 20 102 52 1 0 89 47 101 59 106 62 118 

7 17.9 17.9 88 26 120 70 1 0 99 60 111 73 115 76 127 

8 14.2 15.6 110 34 100 62 0 0 90 48 102 60 107 63 119 

9 15.7 15.1 82 24 86 64 0 0 89 51 103 64 107 68 119 

10 12.4 13.9 80 21 80 50 1 0 103 64 118 73 121 75 133 

11 12.1 11.8 90 16 93 60 1 0 97 58 108 71 112 74 124 

12 13.7 14.0 82 24 100 60 1 0 99 48 103 61 106 65 118 

13 17.7 17.7 82 20 80 60 1 0 88 48 100 61 105 63 117 

14 17.8 17.3 72 22 108 60 0 0 106 61 119 74 123 78 135 

15 13.5 13.5 86 21 92 64 1 0 90 48 102 60 107 63 119 

16 12.8 12.0 76 26 102 66 1 1 93 54 105 67 109 70 121 

17 16.6 16.5 82 22 100 60 0 0 92 54 104 66 108 69 120 

18 16.0 15.9 82 21 106 70 1 1 96 57 109 68 112 72 124 

19 17.2 16.0 86 22 84 60 0 0 89 50 103 62 107 66 109 

20 16.8 15.6 98 26 80 55 1 0 84 40 97 52 101 54 113 

21 17.5 17.5 82 24 90 68 0 0 91 53 103 65 108 68 120 

22 15.2 15.2 84 19 92 64 1 0 90 49 104 62 107 66 119 

23 19.7 19.4 85 22 96 68 1 0 94 56 106 68 110 71 122 

24 18.1 17.5 88 23 98 74 1 0 98 59 110 71 113 74 125 

25 26.2 25.4 76 26 102 70 1 1 106 63 119 76 124 79 136 

26 13.1 13.1 90 18 110 70 0 0 108 61 122 75 127 78 139 

27 9.6 9.6 86 21 112 74 1 0 100 62 112 75 116 78 128 

28 11.7 11.3 86 28 90 62 0 0 84 48 103 61 106 65 118 

29 16.1 15.7 84 24 90 62 0 0 90 51 104 63 108 67 120 

30 19.1 18.7 135 28 120 80 0 0 88 50 102 62 106 67 118 

31 18.9 18.5 92 22 100 66 0 0 91 54 103 66 108 69 120 

32 11.6 11.6 92 26 76 40 0 0 92 50 105 62 108 66 120 

33 20.0 19.3 92 17 120 74 0 0 108 61 122 75 127 78 139 

34 16.7 16.5 86 20 100 50 0 0 97 58 109 71 113 74 125 

35 16.4 16.8 84 22 94 50 0 0 92 53 104 66 108 69 120 

36 17.9 18.1 90 20 98 62 0 0 89 48 103 61 106 65 118 

37 19.6 18.6 86 24 102 60 0 0 94 56 106 68 110 71 122 

38 13.7 13.7 96 26 90 52 1 0 92 52 104 64 108 67 120 

39 17.5 17.2 83 18 116 70 0 0 109 62 123 75 128 78 140 

40 18.3 18.6 74 20 110 64 1 0 105 59 119 74 124 77 136 

41 14.1 14.1 76 20 90 60 0 0 104 76 117 76 122 79 134 

42 13.9 13.6 88 24 76 38 0 0 91 51 103 63 107 66 119 

43 14.4 14.1 84 22 74 50 0 0 96 58 108 70 112 73 124 

44 11.7 11.1 94 26 66 40 1 0 89 46 102 59 106 61 118 

45 14.1 13.8 78 20 108 70 0 0 100 62 112 75 115 78 127 

46 13.8 13.6 76 22 100 64 0 0 98 60 109 73 113 76 125 

47 18.9 18.1 76 20 90 50 0 1 105 60 118 74 122 78 134 

48 14.2 13.6 88 26 88 50 0 0 90 52 104 65 108 69 120 

49 13.5 13.5 84 24 90 60 1 0 92 46 106 58 109 61 121 

50 15.5 14.7 88 26 82 60 0 0 90 51 104 63 108 67 120 

51 17.7 17.9 86 20 118 88 0 0 97 58 109 71 113 74 125 

52 9.6 10.4 82 22 110 80 1 1 89 48 103 60 106 64 118 

53 14.4 14.4 76 18 84 50 0 0 89 51 102 64 107 68 119 

54 14.1 14.1 94 24 100 80 1 0 91 49 103 61 107 64 119 

55 18.2 18.4 88 26 110 70 0 0 90 48 102 60 107 63 119 

56 16.9 16.9 120 26 100 70 1 0 92 55 106 68 109 72 121 

57 14.0 13.6 76 18 120 80 0 0 101 61 113 75 115 78 127 

58 19.0 18.1 78 26 100 70 1 0 90 52 103 65 108 69 120 

59 15.0 14.9 82 22 84 56 0 0 94 55 106 67 110 70 122 

60 15.0 14.8 86 26 122 86 1 0 95 57 107 69 111 72 123 
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1 85 10.6 9820 46 40 12 2 1.96 36.0 0.32 3.4 138 4.1 8.6 3.1 

2 91 12.5 12850 44 51 5 0 4.14 31.0 0.40 4.6 138 3.8 8.5 4.3 

3 89 13.2 8200 55 39 6 0 2.10 55.6 0.48 3.6 142 4.8 9.7 4.6 

4 73 9.5 10600 46 52 2 0 3.24 27.0 0.30 3.6 136 4.4 8.6 3.3 

5 87 14.2 6740 45 51 4 0 3.17 25.0 0.34 4.1 136 4.3 9.2 4.3 

6 74 10.2 7300 60 38 2 0 2.81 38.0 0.70 4.8 142 3.4 8.7 4.6 

7 88 12.7 9720 42 55 3 0 3.81 18.1 0.35 3.8 145 3.8 8.9 4.8 

8 75 12.1 7800 56 40 2 2 3.12 26.0 0.30 3.8 138 4.1 8.0 4.3 

9 80 9.5 7430 56 41 3 0 3.66 21.0 0.37 3.5 146 4.5 8.0 3.6 

10 87 8.7 11370 46 49 4 1 2.73 27.0 0.27 2.9 139 4.3 9.0 3.7 

11 86 9.3 6820 45 53 3 0 2.72 50.0 0.62 4.8 139 4.5 8.0 4.3 

12 77 11.3 16100 43 48 7 2 8.50 11.5 0.13 3.8 146 3.6 9.6 4.7 

13 75 10.7 9760 51 43 6 0 2.31 32.0 0.40 3.1 142 3.2 8.2 3.3 

14 90 13.1 6940 53 41 6 0 2.71 16.0 0.27 4.5 143 4.2 9.6 4.7 

15 75 11.2 7940 41 54 5 0 4.12 19.0 0.31 4.4 138 3.9 8.7 4.7 

16 82 9.3 6400 55 41 3 1 3.74 29.6 0.41 3.8 139 4.5 9.3 4.0 

17 81 11.4 9430 46 50 3 1 3.12 22.0 0.40 5.3 144 4.0 8.7 4.2 

18 84 14.7 10400 61 32 7 0 2.83 32.0 0.46 4.8 138 3.9 8.7 4.3 

19 78 10.3 9650 41 55 4 0 3.11 27.0 0.38 2.8 140 3.8 8.3 3.1 

20 66 6.0 7700 43 55 2 0 6.18 34.0 0.40 4.1 137 4.4 8.1 3.2 

21 80 11.3 6700 57 40 3 0 1.83 32.0 0.23 3.1 145 5.2 8.5 4.2 

22 78 8.4 9100 43 52 4 1 1.94 32.0 0.39 2.9 142 3.7 8.9 3.5 

23 83 11.4 10250 51 41 8 0 2.11 26.0 0.34 4.6 139 4.5 8.7 4.1 

24 86 10.3 7780 44 52 4 0 3.27 28.0 0.32 3.7 137 3.8 8.7 3.8 

25 91 12.9 7960 56 32 10 2 4.11 27.0 0.41 3.1 139 4.3 8.6 3.6 

26 90 13.3 9840 61 35 4 0 3.60 26.0 0.27 3.7 142 4.5 9.3 4.1 

27 90 10.3 9100 41 56 3 0 3.83 28.0 0.29 3.1 138 3.7 9.4 4.1 

28 77 11.4 8450 46 48 5 1 4.63 28.0 0.31 3.1 138 3.9 8.7 3.8 

29 79 13.1 10500 25 59 16 0 3.19 27.2 0.35 4.7 139 4.1 8.5 3.5 

30 79 9.4 10780 56 41 3 0 3.68 29.0 0.41 3.6 144 4.6 9.4 4.7 

31 81 10.3 11400 68 30 2 0 3.98 39.0 0.52 4.7 146 4.0 8.3 4.2 

32 78 11.4 9100 57 40 3 0 3.12 34.0 0.37 4.3 139 4.5 9.1 4.0 

33 90 12.8 6910 56 38 6 0 3.16 30.0 0.45 5.8 141 3.9 8.8 4.3 

34 86 12.2 11400 56 41 3 0 2.98 36.0 0.57 6.3 136 3.4 8.7 4.9 

35 81 10.9 8400 53 48 5 0 2.81 26.0 0.33 4.8 135 4.9 9.4 4.6 

36 77 10.3 8700 43 52 5 0 3.13 29.0 0.32 4.2 143 4.6 8.7 4.4 

37 83 9.8 10400 56 30 4 0 4.61 39.0 0.81 4.9 143 5.5 8.4 4.2 

38 79 9.8 9410 48 39 11 2 3.94 36.0 0.48 4.9 147 4.6 8.1 4.9 

39 90 10.4 11400 56 34 10 0 4.73 94.0 0.54 9.6 140 4.8 7.0 6.1 

40 89 12.8 7740 57 36 7 0 2.43 18.0 0.41 4.7 142 4.4 9.1 3.8 

41 91 11.9 10600 71 25 4 0 3.91 36.0 0.78 4.7 138 5.1 9.2 3.9 

42 78 12.8 8900 44 53 3 0 3.47 26.0 0.41 3.7 141 4.5 9.0 4.1 

43 85 11.7 13800 71 25 4 0 3.19 21.0 0.34 3.1 141 4.3 8.4 4.5 

44 73 9.4 7910 56 40 4 0 3.16 26.0 0.33 3.2 141 4.1 8.8 4.5 

45 90 10.7 11400 38 57 5 0 2.93 32.0 0.42 4.1 139 4.3 9.1 3.5 

46 88 11.3 8100 50 41 7 2 3.17 29.0 0.24 3.8 142 4.2 9.3 3.6 

47 90 12.2 7300 54 33 10 3 2.97 19.0 0.32 3.6 139 4.1 8.8 4.1 

48 81 8.7 9240 44 51 4 1 3.19 33.0 0.44 4.5 138 4.3 9.5 3.5 

49 73 9.5 10350 59 26 12 3 3.82 31.0 0.41 4.0 140 3.9 8.7 4.2 

50 79 11.3 6800 51 36 3 0 3.55 17.0 0.29 3.9 137 4.4 8.5 4.1 

51 86 11.7 12900 56 41 3 0 9.10 146.0 0.55 5.3 135 4.6 8.4 4.2 

52 76 8.4 9950 42 46 9 3 3.37 54.0 0.56 4.2 135 5.3 8.2 3.8 

53 80 7.9 14500 51 44 3 2 6.43 26.0 0.20 7.0 143 4.4 8.1 4.9 

54 76 9.6 9100 58 37 5 0 2.13 31.0 0.43 2.6 142 3.9 8.3 3.7 

55 75 8.9 9870 46 51 3 0 4.31 32.3 0.23 4.6 138 4.7 7.8 3.4 

56 84 12.5 14700 57 37 6 0 8.31 29.0 0.34 4.2 141 3.9 8.7 4.2 

57 90 9.4 9740 40 50 7 3 4.43 27.0 0.71 4.9 142 5.7 9.0 3.6 

58 81 11.3 9400 55 41 4 0 3.47 38.0 0.67 5.0 139 4.9 4.8 5.2 

59 82 11.1 14400 33 57 8 2 4.84 36.0 0.67 4.8 146 4.6 9.1 3.7 

60 84 12.2 9300 50 44 5 1 2.63 22.0 0.45 4.4 142 4.1 8.9 4.5 
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1 122 7.4 3.1 126 36 83 166 0 2.9 1 1.50 0.084 12.1 9980 46 

2 88 5.9 3.6 188 100 75 130 0 2.3 1 4.00 0.098 12.1 9780 50 

3 66 7.3 4.2 285 123 129 101 0 6.0 1 3.00 0.085 12.2 7900 50 

4 163 6.9 3.6 170 56 120 137 0 4.3 1 1.00 0.106 8.2 7300 55 

5 132 3.9 1.3 233 51 143 281 0 4.5 1 3.00 0.111 12.6 6960 38 

6 266 5.5 3.3 188 46 111 146 0 3.4 1 1.50 0.094 9.6 9300 53 

7 112 4.8 2.1 231 58 142 320 1 17.3 1 3.00 0.088 13.2 8610 50 

8 119 6.2 2.6 172 76 92 188 0 2.2 1 1.50 0.110 11.8 10200 52 

9 122 6.0 2.4 188 56 111 281 0 3.1 1 1.50 0.092 11.4 7160 52 

10 127 5.4 2.8 267 56 178 243 0 9.8 1 1.50 0.112 12.7 6780 45 

11 83 5.6 2.1 175 60 98 204 0 12.3 1 2.50 0.124 11.7 9400 50 

12 144 3.6 0.9 189 38 116 283 0 2.2 1 1.50 0.107 11.0 6120 48 

13 112 5.0 2.6 189 36 128 112 0 3.1 1 2.00 0.125 12.6 7140 58 

14 148 7.8 3.1 241 66 122 311 0 3.1 1 4.00 0.093 12.8 8760 50 

15 111 6.1 3.1 336 61 189 381 0 3.7 1 2.00 0.154 12.7 9640 47 

16 143 5.3 1.8 193 55 114 128 0 9.7 1 1.50 0.094 13.4 7443 47 

17 122 6.1 1.3 189 47 112 146 0 4.8 1 2.00 0.100 12.9 7430 50 

18 92 5.8 1.8 196 52 126 231 0 11.4 1 2.50 0.104 13.0 7300 54 

19 87 6.9 2.8 190 39 133 207 0 4.6 1 2.00 0.121 12.6 7630 48 

20 112 4.2 1.4 286 57 116 201 0 11.3 1 1.00 0.103 7.7 16300 45 

21 92 6.6 3.3 204 63 124 196 0 3.7 1 2.50 0.125 12.6 11200 51 

22 112 7.0 3.1 166 31 112 263 0 7.3 1 2.50 0.179 12.9 10350 52 

23 98 5.8 3.1 189 56 106 313 0 7.1 1 2.50 0.092 13.4 7043 54 

24 112 4.9 1.8 183 32 122 282 0 16.1 1 3.50 0.113 12.8 8130 66 

25 98 6.3 3.1 168 49 112 129 0 3.6 1 3.50 0.056 13.6 8600 51 

26 157 6.7 2.9 141 39 86 156 0 4.0 1 3.50 0.109 13.8 7220 55 

27 109 6.1 3.0 181 50 116 192 0 4.1 1 2.50 0.132 13.2 10600 53 

28 119 6.9 2.8 126 48 68 162 0 11.3 1 2.00 0.194 12.0 9860 42 

29 125 6.1 2.8 166 56 93 213 0 17.1 1 1.50 0.091 13.6 7310 40 

30 129 6.0 2.8 124 38 70 166 0 2.2 1 2.00 0.109 10.4 7910 51 

31 144 5.4 1.9 98 39 184 290 0 8.2 1 2.00 0.091 12.7 7300 47 

32 112 6.3 2.8 212 44 116 184 0 4.1 1 1.50 0.115 13.3 8310 50 

33 83 6.9 4.0 186 48 111 126 0 3.4 1 3.00 0.062 13.9 10400 69 

34 140 6.0 1.8 254 48 176 194 0 3.8 1 3.00 0.110 12.7 7410 50 

35 110 6.4 3.5 174 48 112 169 0 6.1 1 2.00 0.103 11.8 9810 46 

36 121 6.0 3.1 226 51 116 212 0 9.1 1 1.00 0.063 11.6 9400 55 

37 144 5.5 1.9 244 49 155 247 0 9.1 1 2.50 0.095 11.9 5810 52 

38 126 4.8 2.3 224 48 161 216 0 3.5 1 1.50 0.096 11.7 7420 54 

39 407 3.9 1.7 401 68 272 242 0 3.9 1 4.00 0.092 10.8 9500 47 

40 109 6.0 2.8 259 49 188 156 0 4.7 1 4.00 0.095 13.1 8710 52 

41 114 6.7 2.8 219 36 166 178 0 4.1 1 4.00 0.133 12.8 8300 65 

42 114 6.3 1.9 236 42 171 193 0 17.3 1 2.00 0.133 13.1 7800 41 

43 119 6.0 2.7 281 62 192 196 0 3.9 1 2.00 0.089 12.8 8410 65 

44 124 4.6 1.4 244 46 170 144 0 2.9 1 1.50 0.142 12.3 9100 50 

45 148 5.7 1.8 256 54 161 139 0 4.1 1 3.00 0.109 12.2 7900 50 

46 89 5.5 1.5 193 38 143 104 0 2.6 1 2.50 0.104 12.3 14100 41 

47 104 6.1 2.7 271 51 180 121 0 5.6 1 5.00 0.111 11.1 8400 33 

48 136 6.3 2.9 284 63 178 117 0 7.8 1 2.00 0.127 9.5 9100 59 

49 92 5.4 2.2 382 75 244 223 0 17.3 1 1.00 0.071 12.2 9300 50 

50 129 6.2 3.1 284 46 196 244 0 8.1 1 2.00 0.129 12.4 7640 50 

51 79 4.7 2.2 438 44 331 198 0 2.4 1 2.50 0.084 9.5 8600 52 

52 171 3.4 1.3 455 71 288 453 0 11.7 1 0.75 0.093 11.4 7840 50 

53 58 4.6 2.1 245 48 162 248 0 3.5 1 2.00 0.133 9.6 7800 48 

54 123 5.4 1.9 311 43 272 183 0 17.3 1 1.50 0.102 12.6 7700 55 

55 110 5.5 1.5 198 44 120 226 0 3.8 1 3.00 0.169 11.8 8450 42 

56 122 5.3 1.7 221 47 170 330 0 6.3 1 3.50 0.159 12.0 9350 61 

57 144 6.9 3.1 184 32 114 192 0 3.8 1 2.50 0.091 11.8 7330 48 

58 124 5.6 3.1 311 58 201 267 0 5.4 1 2.00 0.095 10.9 8310 50 

59 144 6.5 2.5 332 66 221 186 0 3.8 1 2.00 0.101 11.3 8500 51 

60 139 5.2 1.3 233 41 168 172 0 4.3 1 2.50 0.114 8.2 7300 55 
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1 40 12 2 2.6 24.0 0.3 3.1 141 3.6 9.5 3.4 142 7.2 4.1 138 

2 38 10 2 2.5 18.8 0.4 3.6 135 4.1 9.6 3.5 95 6.5 4.0 112 

3 46 4 0 2.7 56.0 0.5 4.0 140 4.0 9.0 4.1 82 6.4 3.5 183 

4 41 4 0 2.8 36.0 0.3 3.1 141 3.8 9.0 3.6 187 5.8 2.7 156 

5 30 11 20 1.8 23.9 0.5 7.3 140 4.5 10.1 4.6 194 6.5 4.0 106 

6 44 3 0 2.4 27.0 0.5 5.3 143 4.4 9.3 3.7 182 6.2 2.8 219 

7 43 7 0 2.6 37.0 0.6 4.3 149 4.4 9.5 4.6 88 6.8 2.9 211 

8 43 5 0 2.6 36.0 0.4 4.0 139 4.0 9.1 4.6 204 6.7 3.4 136 

9 45 3 0 2.9 18.0 0.2 4.3 140 4.2 9.6 4.2 159 5.5 3.6 203 

10 51 3 1 3.7 22.0 0.4 3.4 142 4.0 8.7 3.9 89 6.8 3.6 126 

11 41 6 3 3.1 19.0 0.3 4.3 140 3.9 9.6 4.0 116 6.6 4.4 122 

12 41 9 2 2.9 16.3 0.4 4.2 136 4.6 9.4 4.2 181 6.0 2.4 189 

13 35 6 1 2.6 25.0 0.3 3.4 138 3.6 9.0 3.9 76 6.2 3.8 159 

14 48 2 0 2.2 19.0 0.3 4.0 141 4.4 9.2 4.2 194 7.3 3.0 156 

15 51 2 0 3.1 14.0 0.2 3.4 142 4.4 9.6 4.3 126 7.4 4.0 112 

16 50 2 1 2.8 25.5 0.3 4.5 142 3.8 11.2 4.6 185 6.0 3.9 135 

17 43 5 2 2.1 18.0 0.3 3.9 140 3.9 9.4 3.9 166 7.6 3.6 147 

18 41 5 0 2.0 26.0 0.5 4.2 144 4.6 9.1 4.0 122 6.1 2.8 171 

19 41 9 2 3.6 18.0 0.2 3.1 141 4.0 9.6 4.0 118 7.5 4.1 163 

20 48 6 1 3.2 26.9 0.3 3.7 141 4.9 8.7 3.6 126 6.4 3.1 166 

21 43 5 1 2.6 19.0 0.3 4.0 139 4.3 9.2 4.0 106 7.0 3.7 167 

22 43 5 0 2.4 18.0 0.2 3.8 140 3.3 9.3 4.1 89 7.4 3.6 126 

23 28 13 5 2.5 18.0 0.2 4.1 143 4.2 9.6 4.4 112 6.6 3.5 143 

24 31 3 0 3.8 18.0 0.2 3.1 141 4.1 9.6 4.1 136 7.1 3.8 114 

25 43 6 0 3.2 18.0 0.3 3.4 141 3.8 9.3 4.2 88 7.7 3.5 122 

26 41 3 1 1.9 17.0 0.3 4.1 140 4.1 9.7 4.7 119 7.7 3.9 91 

27 41 6 0 2.2 26.0 0.3 2.8 142 3.9 9.6 4.2 79 6.4 3.5 162 

28 51 7 0 2.7 17.0 0.3 4.3 141 4.1 9.6 3.4 88 7.3 3.6 146 

29 54 6 0 2.9 19.0 0.3 4.8 142 4.2 9.4 4.0 116 7.8 3.4 122 

30 46 3 0 2.0 12.0 0.2 4.1 140 4.0 9.8 4.1 154 7.5 3.7 177 

31 46 5 2 2.0 26.0 0.4 3.9 144 3.7 9.4 3.8 116 7.4 4.5 122 

32 43 7 0 2.7 11.0 0.1 4.7 142 4.1 9.0 3.8 124 7.6 3.9 114 

33 25 6 0 2.3 17.0 0.3 5.1 143 4.2 9.4 4.5 98 6.3 4.1 126 

34 43 7 0 1.9 13.0 0.3 4.9 141 4.0 9.3 4.1 118 6.8 4.1 168 

35 48 5 1 1.7 19.0 0.2 3.9 144 4.2 9.1 4.1 126 6.2 4.0 174 

36 41 4 0 2.2 13.0 0.2 4.1 145 4.0 9.3 4.1 144 6.0 4.1 187 

37 38 10 0 2.6 13.0 0.3 4.3 139 4.1 9.7 4.0 111 7.8 4.7 161 

38 40 6 0 2.1 14.0 0.3 4.0 139 4.2 9.3 4.9 133 6.3 3.8 182 

39 30 20 3 1.9 16.0 0.2 4.3 140 3.9 9.2 4.8 141 6.9 4.4 176 

40 40 6 2 2.1 24.0 0.4 4.4 140 4.0 9.5 4.0 88 7.6 3.2 156 

41 30 5 0 1.9 16.0 0.3 4.4 141 4.5 9.6 4.0 126 7.7 3.8 113 

42 56 3 0 2.1 12.0 0.2 4.3 139 3.8 9.6 4.6 127 7.8 3.9 136 

43 30 3 2 1.9 14.0 0.3 3.8 144 4.2 9.3 4.2 144 7.8 3.8 166 

44 38 10 2 2.3 17.1 8.3 3.6 136 4.3 9.5 3.5 96 6.6 3.1 124 

45 46 4 0 2.7 56.0 0.5 4.0 140 4.0 9.0 4.1 82 6.4 3.5 183 

46 55 4 0 2.9 29.0 0.3 3.7 141 4.0 9.3 4.2 122 6.4 3.5 144 

47 57 8 2 3.1 19.0 0.4 4.8 143 4.2 9.1 3.7 144 6.5 3.4 114 

48 26 12 3 2.9 24.0 0.4 4.0 140 3.9 8.7 4.2 92 5.4 3.5 156 

49 44 5 1 2.6 17.0 0.5 4.4 142 4.1 8.9 4.5 139 5.2 3.1 176 

50 43 7 0 1.9 16.0 0.3 4.4 140 4.2 9.2 4.1 118 7.1 3.5 168 
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1 5 8 121 0.1 6.8 1 

2 58 44 174 0.2 5.4 1 

3 46 119 90 0.5 10.9 1 

4 45 100 88 12.8 3.1 3 

5 61 31 138 0.1 13.0 1 

6 49 133 174 2.7 5.7 3 

7 41 122 162 3.0 4.8 3 

8 56 77 173 0.1 10.5 1 

9 46 123 126 0.1 8.3 1 

10 46 73 122 0.2 5.7 1 

11 41 62 117 0.1 4.2 1 

12 46 90 136 4.1 3.0 3 

13 41 85 95 0.2 4.3 1 

14 43 113 183 0.1 8.5 1 

15 43 61 143 0.2 5.5 1 

16 58 68 66 0.1 5.8 1 

17 38 93 137 0.0 4.5 1 

18 46 109 178 4.2 3.5 3 

19 46 112 167 0.2 8.8 1 

20 42 96 122 0.0 5.2 1 

21 52 112 126 0.2 6.9 1 

22 31 76 176 0.2 7.5 1 

23 48 79 86 0.2 6.1 1 

24 39 68 88 0.2 4.6 1 

25 43 7 126 0.1 10.8 1 

26 40 46 88 0.1 4.3 1 

27 38 83 116 0.2 6.6 1 

28 41 111 91 0.2 4.8 1 

29 47 64 156 0.1 7.6 1 

30 52 96 156 0.2 4.4 1 

31 40 88 93 0.2 5.4 1 

32 29 67 109 0.1 6.7 1 

33 42 94 118 0.2 7.3 1 

34 43 112 126 0.1 5.6 1 

35 38 102 126 0.0 5.0 1 

36 48 114 166 0.1 8.7 1 

37 38 94 188 0.0 7.1 1 

38 40 121 176 0.1 7.4 1 

39 51 113 124 0.1 10.2 1 

40 43 103 112 1.4 5.7 2 

41 38 76 103 0.1 10.4 1 

42 39 93 124 0.2 5.0 1 

43 44 112 96 0.1 8.2 1 

44 52 44 174 1.8 4.3 2 

45 46 119 90 0.0 6.9 1 

46 38 81 130 0.1 4.7 1 

47 36 89 156 0.1 11.7 1 

48 44 167 167 0.1 7.0 1 

49 41 111 89 1.6 5.8 2 

50 43 110 125 0.1 6.5 1 

51 38 168 152 0.1 8.9 1 

52 43 177 126 3.7 5.4 3 

53 58 82 126 0.2 7.2 1 

54 36 126 148 0.1 4.9 1 

55 42 67 188 0.2 5.9 1 

56 43 72 188 0.1 8.2 1 

57 38 76 81 0.0 8.6 1 

58 52 156 167 1.6 7.5 2 

59 46 133 112 0.1 5.3 1 

60 45 134 126 6.9 3.8 3 
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