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Abstract. – OBJECTIVE: To explore the effi-
cacy of voriconazole combined with glucocorti-
coid on the nephrotic syndrome in children. 

PATIENTS AND METHODS: A total of 62 chil-
dren with nephrotic syndrome were enrolled 
in this study. They were treated in our hospital 
from February 2016 to August 2019, including 35 
children treated with voriconazole in a control 
group, and 27 children treated with glucocorti-
coid combined with voriconazole in a research 
group. The efficacy was evaluated, and a logis-
tic regression analysis was carried out to find 
out the risk factors affecting the efficacy. The 
enzyme-linked immunosorbent assay (ELISA) 
was used to determine the serum creatinine and 
urine protein expression before and after treat-
ment. In addition, receiver operating character-
istic (ROC) curves were drawn to analyze the 
predictive value of serum creatinine and urine 
protein expression. 

RESULTS: The marked efficacy and total ef-
fective rate in the research group were signifi-
cantly higher than those in the control group, 
while the non-efficacy in the research group 
was significantly lower than that in the control 
group (p<0.05). After treatment, the expression 
of serum creatinine and urine protein in the re-
search group was significantly lower than that 
in the control group (p<0.05). The area under the 
curve (AUC) of urine protein was 0.798. The AUC 
of serum creatinine was 0.724. Multivariate logis-
tic regression analysis revealed that serum al-
bumin, high edema, infection, serum creatinine, 
and urine protein were independent risk factors. 

CONCLUSIONS: Glucocorticoid can improve 
clinical efficacy. Serum creatinine and urine pro-
tein can be adopted as predictive factors for ef-
ficacy on children with nephrotic syndrome. 
Serum albumin, high edema, infection, serum 
creatinine, and urine protein were independent 
risk factors for the efficacy on children with ne-
phrotic syndrome.
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Introduction

Nephrotic syndrome is one of the most com-
mon kidney diseases in pediatric population 
mainly characterized by edema, massive pro-
teinuria, and hypoproteinemia1. Its annual preva-
lence rate is 16/0.1 million2. The male and female 
prevalence ratio was 2:13. Children with nephrotic 
syndrome would experience declined life quality4 
and sufferings from various complications, with a 
mortality rate as high as 2.7%5. Proteins leak from 
blood to urine through glomeruli in patients with 
nephrotic syndrome, resulting in hypoprotein-
emia and generalized edema. Although most pa-
tients enter the clinical remission stage after ini-
tial treatment by glucocorticoids, a considerable 
number of patients (about 20%) still have or sub-
sequently develop clinical steroid resistance in the 
development of disease6,7. They failed to enter the 
clinical remission stage, which greatly increases 
the risk of suffering from various complications.

Glucocorticoid has become the cornerstone of 
treating nephrotic syndrome in children during 
the past 60 years, because more than 80-90% 
nephrotic syndrome patients can get complete 
remission after treatment with prednisone and 
prednisolone8. Unfortunately, 80% of those pa-
tients would suffer from one or more relapses, 
and additional glucocorticoid treatment is need-
ed. In addition, about 10% children with nephrot-
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ic syndrome are resistant to steroids and do not 
respond to standard steroid therapy. Infection is 
also considered to be one of the most common 
major complications of nephrotic syndrome9. In-
fection is one of the most common main compli-
cations of nephrotic syndrome. Voriconazole is a 
triazole broad-spectrum antifungal drug, which is 
mainly used to treat patients with progressive or 
potentially life-threatening fungal infection10. It is 
a broad-spectrum antifungal drug and has ther-
apeutic effects on fungal infections in humans 
and animals. However, it is still not clear whether 
glucocorticoid combined with voriconazole can 
take effective therapeutic effect. At present, clin-
ical detection of serum creatinine is one of the 
main methods commonly used to understand re-
nal function. Elevated serum creatinine indicates 
deterioration of renal function, implying adverse 
consequences and the highest risk of death11. 
Therefore, the expression of serum creatinine 
and urine protein was detected in children with 
nephrotic syndrome treated with glucocorticoid 
combined with voriconazole. The predictive val-
ue of its efficacy on children was also explored, 
aiming at providing reference for future clinical 
practice.

Patients and Methods

Clinical Data of Children
A total of 62 children with nephrotic syndrome 

treated in our hospital from February 2016 to Au-
gust 2019 were enrolled as research participants. 
Among which, 35 children were treated with glu-
cocorticoid as a control group, including 21 males 
and 14 females, with an average age of (6.9±3.9) 
years. The other children were treated through 
glucocorticoid combined with voriconazole as 
a research group, including 17 males and 10 fe-
males, with an average age of (6.2±3.8) years. 
This experiment was approved by the Ethics 
Committee of Yantaishan Hospital.

Inclusion and Exclusion Criteria
Inclusion criteria: Patients met the diagnostic 

criteria of the Italian Society for Pediatric Ne-
phrology (SINePe)12; patients diagnosed and treat-
ed in our hospital; patients between 3 and 15 years 
old with complete clinical data; and those whose 
immediate family members signed informed con-
sent forms.

Exclusion criteria: patients with other comor-
bid tumors; patients with physical disability; pa-

tients transferred to our hospital; patients resis-
tant or allergic to drugs used in this study; and 
those with mental disease, language disorder, or 
diseases affecting the results of this study.

Therapeutic Regimen
Children in the control group were treated 

with glucocorticoid, the steps were as follows: 
Each child was given prednisolone (Xian-
ju Pharmaceutical Co., Ltd., Zhejiang, China, 
State Food and Drug Administration (SFDA) 
approval number: H33021225) according to his/
her body mass at an oral dose of 160 mg/m2/d. 
When the condition became stable, the dose 
should be gradually reduced. The maintenance 
dose is 5 to 10 mg, depending on the condition 
of patients. After 3 months, the disease con-
dition of the child was evaluated, and the oral 
dose of prednisolone was adjusted. The oral 
dose was reduced by 10% of the original dose 
within 2 weeks, and then a small dosage was 
maintained for treatment. Children in the re-
search group were treated with glucocorticoid 
combined with voriconazole (Laimei Longyu 
Pharmaceutical Co., Ltd., Chongqing, China, 
SFDA: H20051152). The steps were as follows: 
Each child was treated with 100 ml 0.9% so-
dium chloride solution mixed with 200 mg 
voriconazole (BaiteMedical Products Co., Ltd., 
Shanghai, China, SFDA: H20013250) accord-
ing to the child’s clinical symptoms and med-
ical history for more than 1 h, twice a day, a 
total of 7 continuous days (1 course). After 7-10 
days of intravenous dripping, the child took 
the medicine orally instead. During treatment, 
the physical condition of the child was closely 
monitored, and timely symptomatic treatment 
should be carried out in case of abnormal con-
ditions.

Evaluation of Clinical Efficacy 
on Children

Efficacy evaluation standard: treatment with 
the following outcomes was defined as markedly 
effective. Symptoms and signs of the child com-
pletely disappeared, and urine protein and serum 
creatinine returned to normal. Treatment with 
the following outcomes was defined as effective: 
Symptoms and signs of the child were alleviated, 
and urine protein and serum creatinine remained 
stable. Treatment with the following outcomes 
was defined as ineffective. Symptoms and signs 
of the child were not significantly alleviated, and 
urine protein and serum creatinine were unstable.
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Determination Methods
Fasting venous blood was sampled from each 

child one day before treatment and 2 months after 
treatment. The sample was stored at 4°C for 20 
min, and then centrifuged at 1500 g and 25°C for 
10 min. Subsequently, the blood was detected us-
ing the double antibody sandwich enzyme-linked 
immunosorbent assay (ELISA). In addition, mid-
stream urine was sampled from each child one 
day before treatment and 2 months after treat-
ment. The urine sample was also detected using 
the double antibody sandwich ELISA. The Serum 
Creatinine Kit was purchased from Shanghai 
Heng Yuan Biotechnology Co., Ltd., with item 
number HD39799, and the Urine Protein Kit was 
purchased from Shanghai Blue Gene Biotechnol-
ogy Co., Ltd., with item number E01U0011. All 
operations were carried out in strict accordance 
with the kit instructions.

Outcome Measures
Primary outcome measures:
The efficacy on the two groups was evaluat-

ed, and risk factors affecting the efficacy on the 
children with nephrotic syndrome were also an-
alyzed.

Secondary outcome measures: 
The expression of urine protein and serum cre-

atinine in the children was determined, and its 
predictive value for efficacy was explored.

Statistical Analysis
In this study, the obtained data were ana-

lyzed statistically using SPSS 20.0 (IBM, Ar-
monk, NY, USA) and visualized into required 
figures using GraphPad 7. The distribution of 
quantitative data was analyzed using the Kolm-
ogorov-Smirnov (K-S) test, in which data in 
normal distribution were expressed as the mean 
± standard deviation (Mean±SD). The inde-
pendent-samples t-test was used to make com-
parison between groups, and the paired t-test 
was used to make comparison among multiple 
groups. Enumeration data were expressed as 
rate (%), analyzed using the chi-square test, 
and expressed as c2. In addition, receiver oper-
ating characteristic (ROC) curves were drawn 
to analyze the predictive value on the efficacy 
of urine protein and serum creatinine in chil-
dren with nephrotic syndrome. Univariate and 
multivariate analyses were carried out to find 
out independent risk factors for efficacy on the 
children. p<0.05 indicates a significant differ-
ence.

Results

Clinical Data of Children
There was no significant difference between 

the research group and the control group in clin-
ical data including age, sex, weight, nationality, 
place of residence, course of disease, genetic dis-
ease history of parents, urinary protein, and se-
rum creatinine, so the two groups were compara-
ble (all p>0.05; Table I).

Efficacy on the Children
The marked efficacy and the total effective rate 

in the research group were significantly higher than 
those in the control group, while the non-efficacy 
rate in the research group was significantly lower 
than those in the control group (all p<0.05). In ad-
dition, there was no significant difference between 
the two groups in efficacy (p>0.05; Table II).

The Expression of Urine Protein and 
Serum Creatinine in the Children and its 
Predictive Value for Efficacy

Before treatment, the expressions of urine 
protein and serum creatinine in children from 
the research group were 52.37±19.31 (g/L) and 
127.13±59.72 (μmol/L), respectively. After treat-
ment, the expressions of the two indicators in the 
children were 102.15±8.75 (g /L) and 101.33±23.52 
(μmol/L), respectively. In contrast, before treat-
ment, the expressions of urine protein and serum 
creatinine in children from the control group were 
151.52±18.01 (g /L) and 125.65±63.68 (μmol/L), re-
spectively. After treatment, the expressions of the 
two indicators in the children were 113.58±11.35 
(g /L) and 109.89±29.57 (μmol/L), respectively. 
Therefore, before treatment, there was no signif-
icant difference in the expressions of the two in-
dicators between the research group and the con-
trol group, and after treatment, the expressions 
of the two indicators in the research group were 
significantly lower than that in the control group 
(p<0.05). Furthermore, ROC curves of urine pro-
tein and serum creatinine for predictive value in 
efficacy showed that the AUC of urine protein 
was 0.798, and its sensitivity and specificity were 
96.77% and 58.06%, respectively. The AUC of se-
rum creatinine was 0.724, and its sensitivity and 
specificity were 41.94% and 96.77%, respectively 
(Table III and Figure 1).

Univariate Logistic Regression Analysis
The patients were divided into a markedly ef-

fective group (n=28) and an effective + ineffective 
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Table I. Basic clinical data of the children [n(%)].

	 The control group 	 The research
	 (n = 35)	 group (n = 27)	 χ2 or t	 p-value

Age	 6.9±3.9	 6.2±3.8	 0.709	 0.481
Sex		
Male	 21 (60.00)	 17 (62.96)	 0.056	 0.812	
Female	 14 (40.00)	 10 (37.04)		
Weight (kg)	 22.1±2.3	 22.5±2.1		
Nationality			 
	
Han nationality	 25 (71.43)	 19 (70.37)	 0.008	 0.928	
Minority nationality	 10 (28.57)	 8 (29.63)			 
Place of residence			   0.010	 0.921
Urban area	 19 (54.29)	 15 (55.56)		
Rural area	 16 (45.71)	 12 (44.44)		
Course of disease (days)	 19.63±8.12	 18.27±8.57	 0.638	 0.526

Genetic history of parents			   0.598	 0.439
Yes	 3 (8.57)	 1 (3.70)		
No	 32 (91.43)	 26 (96.30)		
Urine protein (g /L)	 151.52±18.01	 152.37±19.31	 0.179	 0.859
Serum creatinine (μ mol/L)	 125.65±63.68	 127.13±59.72	 0.093	 0.926

group (n=34) according to the efficacy. Univariate 
analysis was carried out on the clinical data of the 
two groups and found that there was no signif-
icant difference between the two groups in age 
and sex (both p>0.05), but there were differences 
between them in serum albumin, high edema, in-
fection, serum creatinine, and urine protein (All 
p< 0.05; Table IV).

Multivariate Logistic Regression Analysis
The indexes (serum albumin, high edema, in-

fection, serum creatinine, and urine protein) with 
differences in the univariate analysis were in-
cluded in the assignment (Table V). The results 
of regression analysis showed that serum albu-
min (OR: 1.082, 95%CI: 1.061-1.069), high edema 
(OR: 1.274, 95%CI: 1.085-1.496), infection (OR: 
1.016, 95%CI: 1.015-1.028), serum creatinine 
(OR: 4.634, 95%CI: 1.358-5.726), and urine pro-
tein (OR: 4.729, 95%CI: 1.474-5.833) were inde-
pendent risk factors for efficacy on children with 
nephrotic syndrome (Table VI).

Discussion

Nephrotic syndrome is the most common glo-
merular disease in children, the second most 
common kidney disease in pediatric nephrosis, 
and the most common congenital malformation 
of kidney and urinary tract13. It is characterized 

by massive proteinuria, hypoproteinemia, periph-
eral edema, and hyperlipidemia14. According to 
statistical estimations, the incidence of nephrotic 
syndrome in children may be 15, 000/16, 900, and 
its prevalence rate in children may be 16/100,000. 
Its incidence and prevalence rate vary along with 
different geographical regions and races in the 
world. The reported incidences for children of Eu-
ropean, South Asian, East/South-East Asian, and 
African descent were 2.40, 15.83, 1.81, and 3.01 
respectively15,16. Therefore, it is an urgent problem 
for clinicians to alleviate nephrotic syndrome.

Glucocorticoid is an effective anti-inflamma-
tory and immunosuppressive drug, whose ef-
fect is mediated by genomic and non-genomic 
mechanisms. Genomic mechanisms involve ac-
tivation or inhibition of specific genes encoding 
anti-inflammatory and pro-inflammatory pro-
teins. Glucocorticoids have been the cornerstone 
of nephrotic syndrome treatment in children for 
decades because the symptoms on most children 
can be completely relieved through treatment with 
prednisone or prednisolone17,18. One of the most 
common major complications of nephrotic syn-
drome is infection. Voriconazole is a broad-spec-
trum antifungal drug for the treatment of fungal 
infection, with therapeutic effect on fungal infec-
tion in both humans and animals19. However, it 
is still unclear whether glucocorticoid combined 
with voriconazole can play a role in nephrotic 
syndrome in children. Therefore, in this study, we 
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Figure 1. The expression of urine protein and serum creatinine in children and its predictive value for efficacy. A, There was no 
significant difference in the expression of urine protein between the research group and the control group before treatment (p> 
0.05). # indicates that there was no difference between the two groups. B, There was no significant difference in expression of 
serum creatinine between the research group and the control group before treatment (p> 0.05). # indicates that there was no dif-
ference between the two groups. C, The expression of urine protein in the research group was significantly lower than that in the 
control group after treatment (p< 0.05). * indicates a difference between the two groups. D, The expression of serum creatinine in 
the research group was significantly lower than that in the control group after treatment (p< 0.05). * indicates a difference between 
the two groups. E, The AUC of proteinuria was 0.798, and its sensitivity and specificity were 96.77% and 58.06%, respectively. F, 
The AUC of serum creatinine was 0.724, and its sensitivity and specificity were 41.94% and 96.77%, respectively.
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treated children with nephrotic syndrome through 
glucocorticoid combined with voriconazole, and 
analyzed the efficacy on the children, with the 
goal of providing references for clinical treatment.

Firstly, we compared the clinical efficacy of the 
two groups after treatment. It was found that the 
non-efficacy rate in the research group was lower 

than that in the control group. The total effective 
rate in the research group was significantly high-
er than that in the control group, indicating that 
glucocorticoid combined with voriconazole can 
improve the effective treatment rate on patients. 
One study by Warejko et al20 has revealed that ne-
phrotic syndrome in children is characterized by 

Table II. Efficacy on the children.

	 Efficacy [n(%)]

	  	 Patients	 Patients with	 Patients	 Effective
		  with markedly 	 effective	 without	 treatment
	 The number	 effective treatment	 treatment	 effective 	 rate
	 of cases (n)			   treatment	 (%)

The control group	 35	 11 (31.43)	 15 (42.86)	 9 (25.71)	 74.29%
The research group	 27	 17 (62.96)	 9 (33.33)	 1 (3.71)	 96.29%
χ2		  6.120	 0.583	 5.459	 5.459
p-value		  0.013	 0.445	 0.020	 0.020

Table III. Analysis on the ROC curves of urine protein and serum creatinine for predictive value in efficacy.

	 Urine protein (g /L)	 Serum creatinine (μ mol/L)

AUC	 0.798	 0.724
Std.Error	 0.040	 0.045
95%5CI	 0.719-0.877	 0.636-0.813
p-value	 0.001	 0.001
Cut-off	 151.100	 223.400
Sensitivity (%)	 96.77%	 41.94%
Specificity (%)	 58.06%	 96.77%

Table IV. Univariate analysis [n(%)].

 	 Markedly effective	 Effective + 
Clinicopathological	 group	 ineffective group		
feature	 (n=28)	 (n=34)	 χ2 or t	 p-value

Age of onset			   1.966	 0.161
<5 years old	 6 (21.43)	 3 (8.82)		
≥5 years old	 22 (78.57)	 31 (91.18)		
Sex			   0.668	 0.414
Male	 17 (60.71)	 24 (70.59)		
Female	 11 (39.29)	 10 (29.41)		
Serum albumin			   8.381	 0.004
≥35 g/L	 21 (75.00)	 13 (38.24)		
<35 g/L	 7 (25.00)	 21 (61.76)		
High edema			   28.490	 0.001
Yes	 4 (14.29)	 28 (82.35)		
No	 24 (85.71)	 6 (17.65)		
Infection			   10.690	 0.001
Yes	 5 (17.86)	 25 (56.82)		
No	 23 (82.14)	 19 (43.18)		
Serum creatinine (μ mol/L)	 99.87±22.97	 110.92±20.16	 2.017	 0.048
Urine protein (g /L)	 102.26±8.86	 112.79±11.43	 3.986	 0.001
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proteinuria, hypoproteinemia, edema, and hyper-
lipidemia. It may give rise to hypertension, severe 
infection, and thrombosis. Williamson et al21 had 
pointed out that serum creatinine is a widely used 
marker for evaluating renal function, and it is al-
most completely excreted through the kidney as a 
waste of skeletal muscle metabolism. Therefore, 
serum creatinine can be used to estimate glomer-
ular filtration rate. An increase in the expression 
of serum creatinine indicates renal insufficiency 
or renal failure. In this study, the expression of 
serum creatinine and urine protein was detected. 
It was found that before treatment, there was no 
significant difference between the research group 
and the control group, and after treatment, the ex-
pression of serum creatinine and urine protein in 
the research group was significantly lower than 
that in the control group. It implied that glucocor-
ticoid combined with voriconazole can better in-
hibit the expression of serum creatinine and urine 
protein. We further drew ROC curves and found 
that the AUCs of urinary protein and serum creat-
inine were 0.724 and 0.798, respectively, so both 
indexes had high clinical predictive value. Ac-
cording to the ROC curves in one study by Stone 
et al22, the AUC of proteinuria was 0.870, which 
is approximately the same as the results of our 
study. It can support the results of our study. In 
the end, the patients were divided into a markedly 
effective group, an effective + ineffective group 
for multivariate logistic regression analysis. The 
result indicated that serum albumin, high edema, 

infection, serum albumin, and urine protein were 
independent risk factors of nephrotic syndrome in 
children. It suggested that serum albumin, high 
edema, infection, serum creatinine, and urine 
protein can be used as predictive indexes for effi-
cacy in children with nephrotic syndrome.

We have preliminarily verified the clinical value 
of urine protein and serum creatinine and the effi-
cacy of glucocorticoid combined with voriconazole 
on children with nephrotic syndrome. However, 
there are still some limitations in this study. First, 
the drug dosage used in this study is single, and we 
have not conducted any in-depth study on wheth-
er the effective treatment rate on patients can be 
improved by increasing drug dosage. Secondly, we 
did not follow up the patients for prognosis anal-
ysis. Therefore, we will increase the therapeutic 
schemes of different drug dosages to analyze the 
efficacy on children and follow up the children to 
improve our research results.

Conclusions

To sum up, glucocorticoid combined with 
voriconazole can improve the clinical efficacy on 
patients and increase the overall treatment rate of 
patients, and serum creatinine and urine protein 
in children with nephrotic syndrome after treat-
ment can be used as predictive factors for clinical 
efficacy on the children.

Table V. Assignment.

Factor	 Assignment

Serum albumin	 ≥35 g/L=1, <35 g/L=0
High edema	 Yes=1, No=0
Infection	 Yes=1, No=0
Serum creatinine	 Raw data of those belonging to continuous variable were used for analysis.
Urine protein	 Raw data of those belonging to continuous variable were used for analysis.

Table VI. Multivariate logistic regression analysis.

	 95% CI of EXP (B)

Factor	 B	 S.E	 Wals	 Sig.	 Exp (B)	 Lower limit	 Upper limit

Serum albumin	 0.523	 0.362	 1.271	 0.001	 1.082	 1.061	 1.069
High edema	 0.581	 0.763	 2.842	 0.001	 1.274	 1.085	 1.496
Infection	 0.626	 0.639	 1.269	 0.001	 1.016	 1.015	 1.028
Serum creatinine	 0.767	 0.548	 5.519	 0.021	 4.634	 1.359	 5.726
Urine protein	 0.774	 0.556	 5.623	 0.001	 4.729	 1.474	 5.833



Voriconazole with glucocorticoid on nephrotic syndrome

5025

Conflict of Interest
The Authors declare that they have no conflict of interests.

References

  1)	 McCaffrey J, Lennon R, Webb NJA. The non-im-
munosuppressive management of childhood 
nephrotic syndrome. Pediatr Nephrol 2016; 31: 
1383-1402.

  2)	 Clark AG, Barratt TM. Pediatric Nephrology. Bar-
ratt TM, Avner ED, Harmon WE (eds.) Lippincott 
Williams & Wilkins pp. 731–747, 1998.

  3)	 El Bakkali L, Rodrigues Pereira R, Kuik DJ, Ket 
JC, van Wijk JA. Pediatr Nephrol: Nephrotic syn-
drome in The Netherlands: a population-based 
cohort study and a review of the literature. Pediatr 
Nephrol 2011; 26: 1241-1246.

  4)	 (No author listed) The primary nephrotic syn-
drome in children. Identification of patients with 
minimal change nephrotic syndrome from initial 
response to prednisone. A report of the Interna-
tional Study of Kidney Disease in Children. J Pe-
diatr 1981; 98: 561-564.

  5)	 (No author listed) Minimal change nephrotic syn-
drome in children: deaths during the first 5 to 15 
years' observation. Report of the International 
Study of Kidney Disease in Children. Pediatrics 
1984; 73: 497-501.

  6)	 Ponticelli C, Villa M, Banfi G, Cesana B, Pozzi C, 
Pani A, Passerini P, Farina M, Grassi C, Baroli A. 
Can prolonged treatment improve the prognosis 
in adults with focal segmental glomerulosclero-
sis? Am J Kidney Dis 1999; 34: 618-625.

  7)	 MacHardy N, Miles PV, Massengill SF, Smoyer 
WE, Mahan JD, Greenbaum L, Massie S, Yao 
L, Nagaraj S, Lin JJ, Wigfall D, Trachtman H, Hu 
Y, Gipson DS. Management patterns of child-
hood-onset nephrotic syndrome. Pediatr Nephrol 
2009; 24: 2193-2201.

  8)	 Tarshish P, Tobin JN, Bernstein J, Edelmann CM 
Jr. Prognostic significance of the early course of 
minimal change nephrotic syndrome: report of the 
International Study of Kidney Disease in Children. 
J Am Soc Nephrol 1997; 8: 769-776.

  9)	 Harris RC, Ismail N. Extrarenal complications of 
the nephrotic syndrome. Am J Kidney Dis 1994; 
23: 477-497.

10)	 Hu L, Dai T, Zou L, Li TM, Ding XS, Yin T. Thera-
peutic drug monitoring of voriconazole in children 
from a tertiary care center in China. Antimicrob 
Agents Chemother 2018; 62: e00955-18.

11)	 Smith G L, Vaccarino V, Kosiborod M, Lichtman 
JH, Cheng S, Watnick SG, Krumholz HM. Wors-
ening renal function: what is a clinically meaning-
ful change in creatinine during hospitalization with 
heart failure? J Card Fail 2003; 9: 13-25.

12)	 Pasini A, Benetti E, Conti G, Ghio L, Lepore M, 
Massella L, Molino D, Peruzzi L, Emma F, Fede C, 
Trivelli A, Maringhini S, Materassi M, Messina G, 
Montini G, Murer L, Pecoraro C, Pennesi M. The 

Italian Society for Pediatric Nephrology (SINePe) 
consensus document on the management of ne-
phrotic syndrome in children: Part I-Diagnosis 
and treatment of the first episode and the first re-
lapse. Ital J Pediatr 2017; 43: 41.

13)	 Chanchlani R, Parekh RS. Ethnic differences 
in childhood nephrotic syndrome. Front Pediatr 
2016; 4: 39.

14)	 Noone DG, Iijima K, Parekh R. Idiopathic nephrot-
ic syndrome in children. Lancet 2018; 392: 61-74.

15)	 Eddy AA, Symons JM. Nephrotic syndrome in 
childhood. Lancet 2003; 362: 629-639.

16)	 Banh TH, Hussain-Shamsy N, Patel V, Vasilevs-
ka-Ristovska J, Borges K, Sibbald C, Lipszyc D, 
Brooke J, Geary D, Langlois V, Reddon M, Pearl 
R, Levin L, Piekut M, Licht CP, Radhakrishnan 
S, Aitken-Menezes K, Harvey E, Hebert D, Pi-
scione TD, Parekh RS. Ethnic differences in 
incidence and outcomes of childhood nephrot-
ic syndrome. Clin J Am Soc Nephrol 2016; 11: 
1760-1768.

17)	 Czock D, Keller F, Rasche FM, Häussler U. 
Pharmacokinetics and pharmacodynamics of 
systemically administered glucocorticoids. Clin 
Pharmacokinet 2005; 44: 61-98.

18)	 Schijvens AM, Ter Heine R, de Wildt SN, 
Schreuder MF. Pharmacology and pharmacog-
enetics of prednisone and prednisolone in pa-
tients with nephrotic syndrome. Pediatr Nephrol 
2019; 34: 389-403. 

19)	 Hashemizadeh Z, Badiee P, Malekhoseini SA, 
Raeisi Shahraki H, Geramizadeh B, Montaseri 
H. Observational study of associations between 
voriconazole therapeutic drug monitoring, toxic-
ity, and outcome in liver transplant patients. An-
timicrob Agents Chemother 2017; 61: e01211-17.

20)	 Warejko JK, Tan W, Daga A, Schapiro D, Lawson 
JA, Shril S, Lovric S, Ashraf S, Rao J, Hermle 
T, Jobst-Schwan T, Widmeier E, Majmundar AJ, 
Schneider R, Gee HY, Schmidt JM, Vivante A, 
van der Ven AT, Ityel H, Chen J, Sadowski CE, 
Kohl S, Pabst WL, Nakayama M, Somers MJG, 
Rodig NM, Daouk G, Baum M, Stein DR, Fer-
guson MA, Traum AZ, Soliman NA, Kari JA, El 
Desoky S, Fathy H, Zenker M, Bakkaloglu SA, 
Müller D, Noyan A, Ozaltin F, Cadnapaphornchai 
MA, Hashmi S, Hopcian J, Kopp JB, Benador N, 
Bockenhauer D, Bogdanovic R, Stajić N, Chernin 
G, Ettenger R, Fehrenbach H, Kemper M, Mu-
narriz RL, Podracka L, Büscher R, Serdaroglu 
E, Tasic V, Mane S, Lifton RP, Braun DA, Hil-
debrandt F. Whole exome sequencing of patients 
with steroid-resistant nephrotic syndrome. Clin J 
Am Soc Nephrol 2018; 13: 53-62. 

21)	 Williamson L, New D. How the use of creatine 
supplements can elevate serum creatinine in 
the absence of underlying kidney pathology. 
BMJ Case Rep 2014; 2014: bcr2014204754. 

22)	 Stone H, Magella B, Bennett MR. The search 
for biomarkers to aid in diagnosis, differentia-
tion, and prognosis of childhood idiopathic ne-
phrotic syndrome. Front Pediatr 2019; 7: 404. 


