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ABSTRACT

Background: Acute kidney injury (AKI) is increasingly prevalent in children with nephrotic
syndrome (NS). It is associated with adverse outcomes in NS, especially steroid-resistant nephrotic
syndrome (SRNS). The incidence, risk factors and outcomes of AKI in secondary SRNS remain
undefined. The main objectives of this study were to determine the risk factors and prognosis of
AKI in hospitalized children with secondary SRNS.

Material and methods: This retrospective study was conducted from January 2014 to December
2019, involving 172 hospitalizations with secondary SRNS admitted to the First Affiliated Hospital
of Sun Yat-sen University. AKI was defined and classified in accordance with the 2012 Kidney
Disease Improving Global Outcomes (KDIGO) guidelines.

Results: AKl was found in 67 (39.0%) of 172 hospitalizations with secondary SRNS. Average age
of onset in our group is 44 (3.1, 6.7) years with AKI and 3.7 (1.8, 5.6) years without AKI. Urea
nitrogen level is 5.9 (4.1, 10.0) mmol/L with AKI and 5.1 (3.7, 7.0) mmol/L. Uric acid level is 446.0
(340.0, 567.0) umol/L with AKI and 401.0 (303.0, 496.0) umol/L. 24-h urinary protein level is 4.14
(2.9, 6.5) g with AKI and 2.5 (1.3, 5.3) without AKI. Multivariate logistic regression revealed that
infection (OR=5.287; 95% confidence interval, 2.349 to 11.899; p<0.001), age at onset (OR=1.180;
95% confidence interval, 1.032 to 1.349; p=0.015) and uric acid level (OR=1.003; 95% confidence
interval, 1.000 to 1.006; p=0.031) were significantly associated with the development of AKI in
children with secondary SRNS. Among 72 children with secondary SRNS, six went to end-stage
kidney disease (ESKD). Children in the AKI group were more likely to progress to ESKD compared
with children in the non-AKI group (p=0.017) with a median follow-up of 48.5months.
Conclusion: AKI occurred in 39.0% of total hospitalizations associated with secondary SRNS. Risk
factors including infection, age of onset, and uric acid level are associated with AKI in children
with secondary SRNS. Furthermore, AKI was identified as a risk factor for the progression of
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secondary SRNS to ESKD.

Introduction

Nephrotic syndrome (NS) is a common kidney disease in
childhood, affecting 1.15 to 16.9 per 100,000 children [1,2]. It
is characterized by massive proteinuria, hypoalbuminemia or
edema [3]. Depending on the initial response to steroids, NS
can be classified into steroid-sensitive nephrotic syndrome
(SSNS) and steroid-resistant nephrotic syndrome (SRNS).
However, steroid responsiveness can change over time, and
some patients initially responsive to steroids may develop
steroid resistance in subsequent relapses, called secondary
SRNS or secondary steroid resistance [3,4]. According to pre-
vious studies, secondary SRNS accounts for 13.8% to 35.9%
of SRNS [5-7]. Patients with secondary SRNS are commonly
treated with immunosuppressant medications, such as

cyclosporine or tacrolimus [3]. Patients with NS are vulnera-
ble to severe complications, such as infection, venous throm-
boembolism (VTE), and acute kidney injury (AKI). An American
study revealed that the frequency of AKI among hospitalized
children with NS increased by 158% between 2000 and 2009,
while the rates of infection and VTE remained stable overall
[8]. AKl in children with NS is reversible in most cases, but it
can prolongs hospital lengths of stay or progress to chronic
kidney disease (CKD) [9,10]. Compared to SSNS, AKI is more
commonly observed in steroid-dependent NS (SDNS) and
SRNS [11]. However, there is a paucity of research on risk fac-
tors and outcomes of AKI in children with SRNS, not to men-
tion secondary SRNS. As a result, our study aimed to explore
the prevalence, clinical features, risk factors, and prognosis of
AKl in hospitalized children with secondary SRNS.
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Materials and methods
Study population

This single-center retrospective study was conducted in the
Department of Pediatric Nephrology and Rheumatology, The
First Affiliated Hospital, Sun Yat-sen University, Guangzhou,
China. All hospitalizations for children with secondary SRNS
<14years of age at our center between January 1, 2014 and
December 31, 2019 were included. Hospitalizations were
excluded if the child was: 1) congenital or secondary NS; 2)
chronic kidney disease stage Il or higher at admission [9]; 3)
admitted only for kidney biopsy, evaluation, prescheduled NS
therapy (intravenous methylprednisolone or cyclophosphamide
or rituximab) or causes unrelated to NS; 4) underwent less
than two serum creatinine (SCr) tests during hospitalization.

Definitions

NS is defined as nephrotic-range proteinuria (first morning or
24-h protein creatinine ratio (PCR) =2g/g or =3+ dipstick) and
either hypoalbuminemia (serum albumin <30g/L) or edema.
SDNS is defined as two consecutive relapses during therapy with
prednisone or prednisolone (either at full dose or during taper-
ing) or within 15days of prednisone or prednisolone discontinu-
ation. Secondary SRNS is defined as a SSNS patient at disease
onset who at a subsequent relapse fails to achieve remission
after 4weeks of therapy with daily prednisone or prednisolone at
standard dose. Complete remission (CR) was defined as a first
morning or 24-h PCR < 200mg/g (or > 20mg/mmol or negative
or trace dipstick) on three or more consecutive occasions. SSNS
was defined as CR after 4weeks of prednisone or prednisolone
at the standard dose (60mg/m?/d or 2mg/kg/d with a maximum
of 60mg/d), while those who failed to achieve CR were defined
as SRNS. Relapse was defined as recurrence of nephrotic-range
proteinuria. Frequent relapsing NS was defined as >2 relapses
per 6months within 6months of NS onset or >4 relapses per
year in any subsequent 12-month period, while infrequent
relapsing NS was defined as <2 relapses per 6months or <4
relapses per year [3].

AKl was defined and classified in accordance with the
2012 Kidney Disease Improving Global Outcomes (KDIGO)
guidelines [12]. We only used serum creatine (SCr) for defin-
ing AKI. Baseline SCr level was defined as the latest creati-
nine value before admission obtained within the prior
6months. If no prior creatinine value was available, the low-
est creatinine value obtained during the hospitalization was
defined as the baseline value [9,13]. If the highest serum cre-
atinine level during an episode was below 0.5mg/dL, the
episode is not considered AKI [13,14]. The recovery of AKI is
defined as the recovery of the child’s creatinine level to 1.5
times the baseline value [15,16]. The estimated glomerular
filtration rate was calculated using the bedside Schwartz for-
mula [17]. Chronic kidney disease was defined as abnormali-
ties of kidney structure or function, present for >3 months,
with health implications, and classified based on GFR cate-
gory (G1-G5) [3]. Laboratory data was collected from the
time points before the AKI occurrence within 1 month or at
the time of admission.

The main cause of AKI is discussed and decided by our
medical team based on medical history. Nephrotoxic medica-
tion exposure is defined as administration within one week
prior to the onset of AKI. Even a single dose is enough to be
considered as nephrotoxic exposure. The definition of
Nephrotoxic medications refers to Rheault’s research [9],
including calcineurin inhibitors (CNI), renin-angiotensin sys-
tem (RAS) blockers, nephrotoxic antibiotics, antiviral (acyclo-
vir) and NSAIDs, etc. Nephrotoxic antibiotics include
vancomycin, piperacillin/tazobactam, ceftazidime/cefotaxime/
cefuroxime and Gentamicin/tobramycin/amikacin, etc.

Clinical data collection and follow-up

We reviewed clinical records to gather data, which included
basic information, laboratory characteristics, biopsy findings,
complications (AKI or infection), and medication regimen.
The study endpoint was May 31, 2020, end-stage kidney dis-
ease (ESKD) or death, which was determined via clinical
records and telephone tracing.

Statistical analyses

The data were analyzed using SPSS version 25.0 (IBM Corp.,
Armonk, NY, USA). Continuous data were expressed as median
(interquartile range (IQR), Q1-Q3) and analyzed using the Mann-
Whitney U-test. Categorical data were expressed as frequency
(percentage), and groups were compared using the chi-square
test or Fisher exact test when appropriate. Missing data were
limited to laboratory values. Where the data were missing, the
values are filled using multiple imputation. Multivariate logistic
regression was applied to identify the risk factors for AKI in child-
hood secondary SRNS. Kaplan-Meier analysis and Log-rank test
were used to analyze time to ESKD. The multivariable model
incorporated variables significant to P value < 0.05 in the univar-
iate analyses and those considered to be related according to
clinical experiences. Two-tailed P value < 0.05 was considered
statistically significant.

Results
Cohort demographic and clinical characteristics

This study involved 172 hospitalizations that occurred among 72
children with secondary SRNS, admitted to the Department of
Pediatric Nephrology and Rheumatology, The First Affiliated
Hospital, Sun Yat-sen University, between January 1, 2014 and
December 31, 2019. The median age at admission was 7.42years
(IQR, 5.44-10.33years) with 121 (70.3%) boys and 51 (29.7%) girls.
Among the cases, 33 (45.8%) were hospitalized once, 17 (23.6%)
were hospitalized twice, 9 (12.5%) were hospitalized three times,
and 13 (18.0%) were hospitalized four or more times.

AKI incidence and risk factors

According to KDIGO guidelines, AKI occurred in 67 (39.0%) of
hospitalizations among 42(58.3%) children with secondary



SRNS, with 25 (37.3%) cases were in stage 1, 16 (23.8%) cases
were in stage 2, and 26 (38.8%) cases were in stage 3. The
pathologic diagnosis revealed focal segmental glomeruloscle-
rosis (FSGS) in 7 (31.2%) cases in stage 1, 5 (31.2%) cases in
stage 2, and 12 (46.2%) cases in stage 3. The causes of AKI
were NS deterioration in 26 (38.8%) cases, infections in 16
(23.9%) cases, dehydration in 13 (19.4%) cases, and drug-
related causes in 12 (17.9%) cases (Figure 1).

Patients in the AKI group were older at onset compared
to those in the non-AKI group (p=0.036). However, there
were no significant differences in gender, admission age,
time to secondary SRNS or frequency of relapses before sec-
ondary SRNS between AKI and non-AKI groups (Table 1).
Children with secondary SRNS accompanied by infection
were more likely to develop AKI (p<0.001). A total of 54
(80.6%) hospitalizations in the AKI group were infected,
including upper respiratory tract infection (n=16), acute
bronchitis (n=12), pneumonia (n=12), sepsis (n=5), cellulitis
(n=4), sinusitis (n=3), peritonitis (n=1), and gastrointestinal
infection (n=1).

The AKI group exhibits different biopsy diagnosis com-
pared with the non-AKI group in children with secondary
SRNS (p=0.009). In the AKI group, 19(28.4%) children have
minimal change disease (MCD) and 24 (35.8%) children
have FSGS, while in the non-AKI group, 57 (54.3%) children
have MCD and 21 (20.0%) children have FSGS. The use of
nephrotoxic drugs (p=0.055) and calcineurin inhibitor (CNI)
drugs (p=0.199) did not significantly differ between AKI
and non-AKI groups.

For laboratory tests, the AKI group had significantly higher
baseline creatinine level (p=0.041), urea nitrogen level
(p=0.018), uric acid level (p=0.016), and 24-h urine protein
level (p<0.001) compared with the non-AKI group. However,
serum albumin was no statistically significant difference
between the two groups (Table 1).

Univariate logistic regression revealed that infection
(OR=3.635; 95% confidence interval, 1.775 to 7.442; p<0.001),
age at onset (OR=1.136; 95% confidence interval, 1.015 to
1.273; p=0.027), uric acid level (OR=1.003; 95% confidence
interval, 1.001 to 1.005; p=0.006), 24-h urinary protein
(OR=1.144; 95% confidence interval, 1.028 to 1.273; p=0.014),
urea nitrogen (OR=1.088; 95% confidence interval, 1.013 to

Figure 1. Cause of acute kidney injury in hospitalized patients with sec-
ondary SRNS.
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1.168; p=0.021) were significant risk factors of AKI in hospital-
ized children with secondary SRNS. Multivariate logistic
regression revealed that infection (OR=5.287; 95% confidence
interval, 2.349 to 11.899; p<0.001), age at onset (OR=1.180;
95% confidence interval, 1.032 to 1.349; p=0.015) and uric
acid level (OR=1.003; 95% confidence interval, 1.000 to 1.006;
p=0.031) were significantly associated with the development
of AKI in children with secondary SRNS (Table 2).

Outcomes of AKI

Among 67 hospitalizations in the AKI group, 62 had a median
recovery time of 13days (/QR,5.25-25days), 1 died, 2 devel-
oped ESKD during hospitalization and 2 have incomplete
recovery data. The two hospitalizations who developed ESKD
both with stage 3 AKI had a histological diagnosis of FSGS. In
26 hospitalizations with stage 3 AKl, 5 (19.2%) developed
ESKD at the end of follow-up. Additionally, 2 (12.5%) of 16
hospitalizations with stage 2 AKI, and 2 (8%) of 25 hospitaliza-
tions with stage 1 AKI progressed to ESKD at the end of
follow-up. Additionally, the duration of hospitalization was sig-
nificantly longer in the AKI group (p<0.001). Among 72 chil-
dren with secondary SRNS, six went to end-stage kidney
disease (ESKD), Kaplan-Meier analysis reveals that children with
secondary SRNS in our study who have had a previous epi-
sode of AKI was significantly more likely to proceed to ESKD
(p=0.017) with a median follow-up of 48.5months (Figure 2).
15 children with secondary SRNS in our group experienced
more than one AKI episode, one developed ESKD; 27 patients
experienced one AKI episode, 5 developed ESKD. Kaplan-Meier
analysis reveals no difference in the occurrence of ESRD
between the two groups (p=0.360) (Figure 3).

Discussion

This study included a total of 72 children with secondary
SRNS and 172 hospitalizations. According to KDIGO guide-
lines, AKl accounted for 67 (39.0%) hospitalizations. We
exclude children with CKD Il or higher in this study.
Children with CKD Ill or higher have more complications
such as anemia, hypertension, and heart failure. Furthermore,
treatments for children with CKD Il or higher are also sig-
nificantly different from those for children with CKD Il or
lower. Several recent studies have focused on the incidence
of AKI in children with NS [9,11,13,16,17]. A multicenter
study in Korea showed that according to the definition of
KDIGO guidelines, the incidence of AKI in hospitalized chil-
dren with NS was 16.2%, and the incidence of AKI in SSNS
was 13.4% [13]. A study on hospitalized children with NS in
China showed that the incidence of AKI was 34.2%, and
that in cases of SSNS was 27.0% [18]. In our study, the inci-
dence of AKI in hospitalized children with secondary SRNS
was 39.0% which is higher than the aforementioned stud-
ies. According to a Japanese study of AKI in children with
SRNS, the incidence of severe AKI, defined as KDIGO stage
2 or 3 AKIl, was 25.8% [19]. Our data are 23.9%, which is
lower than the data above.
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Table 1. Patient characteristics of hospitalized children with secondary SRNS.

Characteristics AKl (n=67) Non-AKI (n=105) P Value

Sex, male, n (%) 48 (71.6%) 73 (69.5%) 0.767

Age at onset (years) 4 (3.1, 6.7) 7 (1.8, 5.6) 0.036

Age at admission (years) 7 (5.6, 10.8) 3 (5.1, 9.8) 0.352

Durations before SRNS (weeks) 243 (15.3, 68.1) 266 (15.1, 71.0) 0.571

Frequency of relapses before secondary SRNS (n, %) 0.813
Once 31 (46.3%) 47 (44.8%)

Frequently relapsing 33 (49.3%) 55 (52.4%)
Infrequently relapsing 3 (4.5%) 3 (2.9%)

Laboratory examination
Serum albumin (g/L) 15.6 (11.3, 24) 160 (13.1, 22.2) 0.544
Urea nitrogen (mmol/L) 5.9 (4.1, 10.0) 1(3.7,7.0) 0.018
Baseline creatinine (umol/L) 32.0 (26.0, 38.0) 28 0 (22.0, 35.0) 0.041
Uric acid (umol/L) 446.0 (340.0, 567.0) 401 0 (303.0, 496.0) 0.016
24-h urinary protein (g) 4.14 (2.9, 6.5) 5 (1.3, 5.3) 0.000

Kidney biopsy 0.009
MCD (28.4%) 57 (54.3%)

FSGS (35.8%) 21 (20.0%)
MesP GN, others (13.4%) 10 (9.5%)
Not done (22.4%) 17 (16.2%)

Nephrotoxic drug (67.2%) 55 (52.4%) 0.055
Antibiotics (13.4%) 4 (3.8%) 0.042
CNI (56.7%) 49 (46.7%) 0.199
ACE-I/ARB (9.0%) 4 (3.8%) 0.284

Infection (80.6%) 56 (53.3%) 0.000

Length of hospital stay (days) 30 (23, 43) 21 (14, 28) 0.000

Secondary SRNS: secondary steroid-resistant nephrotic syndrome; AKI: acute kidney injury, MCD: minimal change disease; FSGS: focal segmental glomeru-

losclerosis; MesP GN: mesangial proliferative glomerulonephritis; CNI:

calcineurin inhibitor;

ACE-I: angiotensin-converting enzymeinhibitor; ARB:

angiotensin-receptor blocker; frequent relapsing NS was defined as >2 relapses per 6 months within 6 months of NS onset or >4 relapses per year in any
subsequent 12-month period, while infrequent relapsing NS was defined as <2 relapses per 6 months or <4 relapses per year.

Table 2. Factors associated with AKI in hospitalized children with secondary SRNS.

Univariate Multivariate

Variables R (95% CI) P Value OR (95% CI) P Value
Age at onset (years) 1.136 (1.015-1.273) 0.027 1.180 (1.032-1.349) 0.015
Serum albumin (g/L) 0.964(1.033-1.033) 0.998

Urea nitrogen (mmol/L) 1.088 (1.013-1.168) 0.021 1.051 (0.966-1.144) 0.250
Uric acid (umol/L) 1.003 (1.001-1.005) 0.006 1.003 (1.000-1.006) 0.031
24-h urinary protein (g) 1.144(1.028-1.273) 0.014 1.117 (0.995-1.253) 0.061
Infection 3.635 (1.775-7.442) 0.000 5.287 (2.349-11.899) 0.000
Use of CNI 1.498 (0.808-2.775) 0.199

Secondary SRNS: secondary steroid-resistant nephrotic syndrome; AKI: acute kidney injury, Cl: confidence interval; OR: odds ratio; CNI: calcineurin

inhibitor.

Figure 2. Kaplan—-Meier survival curves for renal outcome in AKI and
non-AKl hospitalized children with secondary SRNS.

Several factors relate to the occurrence of AKI in children,
including infections, hypoproteinemia, nephrotoxic drugs, 24-h
urinary protein, et al. [9,11,20]. In our cohort, multivariate
logistic regression analysis revealed that infections were asso-
ciated with AKI. Viruses and bacteria may cause direct injuries
on the tubular epithelial cells, and systemic inflammation

Figure 3. Kaplan-Meier survival curves for renal outcome in more than one
AKI episode and one AKI episode hospitalized children with secondary SRNS.

caused by infections is also associated with the development
of AKI [21,22]. Therefore, it is crucial to avoid infection in chil-
dren with secondary SRNS. Proteinuria is also recognized as an



important risk factor for the development of AKI in the past
researches [23,24]. In our study, univariate logistic regression
revealed proteinuria is a significant risk factor of AKI in hospi-
talized children with secondary SRNS. But multivariate logistic
regression reveals that it is not a risk factor of AKI in hospital-
ized children with secondary SRNS. Large sample randomized
controlled studies are needed to determine the role of pro-
teinuria impact of urinary protein on AKI occurrence in chil-
dren with secondary SRNS. Renal pathology has been
considered to be closely related to the occurrence of AKI in
many previous studies [13,25-27]. In our study, the AKI group
displayed distinct renal pathologies compared to the non-AKI
group in secondary SRNS children (p=0.009). In the AKI group,
19(28.4%) children have minimal change disease (MCD) and
24 (35.8%) children have FSGS, while in the non-AKI group, 57
(54.3%) children have MCD and 21 (20.0%) children have FSGS.
Further studies are required to explore the relationship
between renal pathology and AKI, along with the underlying
mechanisms. Previous studies have shown mixed results
regarding the association between CNI use and the occur-
rence of AKI in pediatric nephrotic syndrome [13,20]. There
was no statistically significant difference in nephrotoxic drugs
or CNI between the AKI group and the non-AKI group in this
study in secondary SRNS children. Furthermore, there was no
difference in lower albumin level between AKI and non-AKI
groups. Yang et al. [13] discovered that lower albumin level
was a risk factor for AKI in children hospitalized with nephrotic
syndrome. However, Rheault et al. [9] and Kim et al. [20]
showed that serum albumin level at admission was not asso-
ciated with AKI in children with NS. Therefore, whether hypo-
proteinemia or CNI use is a risk factor for AKI in children with
secondary SRNS still needs to be studied in larger samples. In
addition, both univariate and multivariate regression analysis
demonstrated that high serum uric acid level was a risk factor
for AKI in our group, in agreement with other reported NS
studies [20].

Hyperuricemia is known to induce renal injury through
crystal formation or reactive oxygen radical production, and
inflammatory mediator-related mechanisms [28,29]. Particular
attention should be paid to children with secondary SRNS
who also have high uric acid level. Previous studies in chil-
dren and adult patients have suggested that age could be a
risk factor for AKI in NS patients [26, 30]. Further, our study
indicates that older age of onset is a risk factor for AKI in
children with secondary SRNS. Previous studies have found
a correlation between older age at admission and AKI in
children with NS [13, 20]. In this study population, we dis-
covered that the median age at admission was higher
among children with AKI than those without AKI, although
there was no statistical difference. In addition, we analyzed
the time to secondary SRNS and the frequency of relapses
before secondary SRNS, neither of which were related to the
occurrence of AKI.

Many studies have shown that AKI is a risk factor for CKD
progression and future mortality [10,31-34]. However, the
relationship between the occurrence of AKI and CKD pro-
gression in secondary SRNS children remains unclear.
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According to the Kaplan-Meier analysis, our study observed a
significantly lower cumulative renal survival rate in the chil-
dren with secondary SRNS have had a previous episode of
AKl (p=0.017). This suggests that the occurrence of AKI
increases the risk of ESKD progression in children with sec-
ondary SRNS.

There are several limitations in this study. First, it was a
single-center study. Second, owing to the retrospective
nature of data collection, some information bias and missing
data might be unavoidable. A prospective multicenter study
with a large sample is needed to validate our findings.

In conclusion, the study revealed that the incidence of
AKl in children with secondary SRNS at our center was 39.0%.
Secondary SRNS children with AKI were more prone to devel-
oping ESKD, and older age of onset, infections, and higher
uric acid level were independent risk factors for the develop-
ment of AKI in secondary SRNS children.
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