Pediatric Nephrology (2023) 38:261-267
https://doi.org/10.1007/500467-022-05568-4

ORIGINAL ARTICLE q

Check for
updates

Survival analysis among pediatric patients receiving kidney
replacement therapy: a Japanese nationwide cohort study

Daishi Hirano'© . Eisuke Inoue? - Mayumi Sako? - Akira Ashida* - Masataka Honda® - Shori Takahashi® -
Kazumoto lijima’- - Motoshi Hattori® - on behalf of the Japanese Society of Pediatric Nephrology

Received: 24 November 2021 / Revised: 30 March 2022 / Accepted: 30 March 2022 / Published online: 30 April 2022
© The Author(s), under exclusive licence to International Pediatric Nephrology Association 2022

Abstract

Background Limited data are available on the survival and causes of death in pediatric patients with chronic kidney disease
(CKD) stage 5 receiving kidney replacement therapy (KRT) in Asia.

Methods Data were obtained from the Japanese nationwide cross-sectional CKD stage 5 survey on pediatric patients (<20
years of age) who started KRT from 2006 to 2013. The cohort was divided into three groups according to age at the start of
KRT: <1, 1-5, and 6-19 years.

Results Among the 701 children who were included, 59.3% were boys. Peritoneal dialysis was the most common initial
modality of KRT (60.3%). Median age at KRT initiation was 10.2 years. Infants (<1 year old) accounted for 16.0% of the
total cohort. Overall survival at 1 and 5 years was 97.2% and 92.5%, respectively. Infants had significantly lower survival
rates than the other groups (hazard ratio, 5.35; 95% CI, 2.60-11.03; P < 0.001). In contrast, after the age of 1 year, the
survival rate improved and did not differ from that of other age groups. The most common causes of death were infection
(35.9%) and sudden death (15.4%).

Conclusions The overall survival rate of pediatric patients with CKD stage 5 in Japan is like that in other high-income
countries. Age at initiation of KRT is an important factor affecting survival since the poorest survival rate was observed in
infants. Further improvement in infant dialysis therapy is still needed to improve survival of the youngest children.
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Introduction

Survival in the pediatric chronic kidney disease (CKD)
stage 5 population has improved markedly over the last
several decades due to advances in dialysis and transplan-
tation techniques that are applicable to children [1-8].
Recent data from the North American Pediatric Renal
Transplant Cooperative Study (NAPRTCS) showed that
the 3-year survival rate of pediatric patients on chronic
dialysis improved from 90% in the 1990s to 95% in the
2000s [9]. Similarly, in more recent years, longitudinal
data from the Australia and New Zealand Dialysis and
Transplant (ANZDATA) Registry revealed a strong effect
with improved survival in pediatric patients with CKD
stage 5 [10]. In addition, a 36% reduction in the 5-year
mortality risk between 1980-1984 and 1995-2000 has
been reported in European dialysis patients [11].
However, despite substantial advances in dialysis technol-
ogy and clinical expertise over the past few decades and data
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showing improved survival and transplantation outcomes in
children with CKD stage 5, the management of infants (<1
year old) requiring KRT remains a significant challenge for
pediatric nephrologists. This age group has a variety of dis-
advantages, including difficulties in feeding and maintaining
fluid balance, impaired growth, increased risk of infection,
and presence of comorbidities. In addition, infants cannot
undergo transplantation immediately. Infants are usually
not referred for transplantation until they weigh 10 kg [12,
13] because kidney transplantation is technically more dif-
ficult due to the infant’s smaller body size and smaller vessel
diameter compared to those of the relatively larger donor
[14]. Several studies on infants have shown that this group
has a significantly lower survival rate than those of children
from other age groups [15, 16].

As noted, the survival rates of children with KRT have
been reported in detail, mainly in Western countries. How-
ever, detailed information on the outcomes of KRT in chil-
dren in Asian countries is lacking. In addition, there is a
limited number of studies that have subdivided the younger
age groups, especially infants. Therefore, we conducted a
nationwide, retrospective cohort study to determine the sur-
vival rates and causes of death of Japanese pediatric patients
with CKD stage 5 undergoing KRT, stratified by age.

Materials and methods
Study design and population

We conducted a nationwide cross-sectional survey in 2017
to update information on the incidence, primary kidney
disease, initial treatment modalities, and survival in pedi-
atric Japanese patients (<20 years of age) with CKD stage
5 during the period 2006-2013. This survey included 770
clinical departments in Japan, including all institutions
that are members of the Japanese Society for Pediatric
Nephrology (JSPN), the Japanese Society for Dialysis
Therapy (JSDT), the Japanese Society for Clinical Renal
Transplantation (JSCRT), and all university and children’s
hospitals [17, 18]. CKD stage 5 was defined as an irrevers-
ible kidney function disorder requiring long-term dialysis
of more than 3 months or transplantation.

The survey was administered via two questionnaires, one
designed to record the presence and approximate number of
children with CKD stage 5 in each institution, and a second
consisting of detailed questions regarding the characteris-
tics of each patient, including sex, age at initiation of KRT,
primary kidney disease, initial treatment modality (i.e., per-
itoneal dialysis [PD], hemodialysis, or preemptive kidney
transplantation), dates of treatment-related events, changes
in treatment modality, serum creatinine level at the start of

@ Springer

KRT, follow-up duration, and final outcome. Primary kidney
disease, classified according to the European Renal Associa-
tion and European Dialysis and Transplantation Associa-
tion (ERA-EDTA) codes, was determined by the patients’
nephrologists [11].

Definitions of outcome variables

All-cause mortality is an outcome of interest. The obser-
vation period was defined as the period from the initiation
of KRT until death or when the questionnaires were sent
(August 18, 2017). The cause and time of death for each
patient were individually reviewed and grouped into cat-
egories that are clinically relevant for pediatric patients,
such as infection, cardiopulmonary, cerebrovascular, liver
failure, pancreatitis, hemorrhagic shock, thrombotic micro-
angiopathy, malignancy, primary disease, sudden death, and
unknown/missing.

To describe in detail the outcomes of children with CKD
stage 5 who started KRT during infancy, we categorized
patients into the following three age groups at the start of
KRT: <1, 1-5, and 6-19 years.

Ethics

This study was performed in accordance with the tenets
of the Declaration of Helsinki. The study protocol was
approved by the Central Ethics Board of the Tokyo Women’s
Medical University (approval number: 2353). The require-
ment for informed consent was waived because of the retro-
spective nature of the study.

Statistical analysis

Baseline demographic and clinical characteristics are pre-
sented as the median (interquartile range [IQR]) or propor-
tion, as appropriate. The Kaplan—Meier method of survival
analysis was applied to calculate the probabilities of overall
survival at 1-5 years after the initiation of KRT in each age
group. Subsequently, to show the relationship more directly,
we plotted the mortality risk across age as a continuous var-
iable. In addition, Cox proportional hazards models were
used to examine the hazard ratio (HR) for overall survival
time according to age at the start of KRT, with the oldest
age group (>6 years) as the reference, and to adjust for vari-
ables such as initial KRT modality, primary kidney disease,
and predictors of mortality identified in previous studies.
Statistical analyses were performed using R version 4.1
(R Foundation for Statistical Computing, Vienna, Austria)
(https://cran.r-project.org/), and P < 0.05 was considered
statistically significant.



Pediatric Nephrology (2023) 38:261-267

263

Results
Demographic characteristics

We identified 701 patients of <20 years of age who initi-
ated KRT from January 1, 2006 to December 31, 2013. The
demographic characteristics of these children are presented
in detail in Tables 1 and 2 and Supplementary Table 1.
The cohort consisted of 416 boys (59.3%) and 285 girls
(40.7%). Congenital anomalies of the kidney and urinary
tract were the most common etiologies of kidney disease
in this cohort, accounting for 37.4% of patients with CKD
stage 5. The most common initial KRT modality was PD,
which was performed in 423 (60.3%) patients. Preemptive
transplantation without prior dialysis was performed in 157
patients (22.4%), 90% of whom were in the 6-19-year-old
group. The median age at KRT initiation was 10.2 years
(IQR, 3.1-14.5 years). The most common age group was
6-19 years (67.0%). The youngest group, comprising those
<1 year old, accounted for 16.0% of the total cohort.

Patient survival on kidney replacement therapy

The overall survival for the entire cohort at 1 and 5 years was
97.2% (95% CI, 95.6-98.2) and 92.5% (95% CI, 89.6-94.5),
respectively. Figure 1 depicts the survival curves estimated
by the Kaplan—Meier method stratified according to age at
the initiation of KRT. Supplementary Fig. 1 illustrates this
relationship more directly using a spline function. Patients
younger than 1 year had significantly lower survival rates
than those in the other groups (P < 0.001). Table 3 shows
the survival rate by age of starting KRT. We found that the
survival rate of the <1-year-old group was 92.4% (95% CI,
87.4-97.6) and 76.8% (95% CI, 67.7-87.0) at 1 and 5 years,
respectively, which was lower than those of the other groups.
On the other hand, after 1 year of age, the survival rate did
not differ from that of other age groups.

In addition, Table 4 shows the adjusted HR of the associa-
tion between age group and all-cause mortality. The adjusted
HR for death was higher in the <1-year-old group compared
to that of any group that started KRT at 1 year or older and
was 5.35 (95% CI, 2.60-11.03; P < 0.001) when compared
to the 6-19-year group.

Description of 39 cases of death
during the observation period

Table 5 presents the demographic characteristics of the
39 children who died during the observation period. The
median age of patients at the time of death was 3.6 years,
and the median time from the introduction of KRT to death
was 1.3 years. There was no difference in the number of

Table 1 Baseline characteristics of the study population

Characteristics

Number of patients in total cohort 701

Male sex, n (%) 416 (59.3)

Primary kidney disease, n (%)
CAKUT 262 (37.4)
Hereditary nephropathy 129 (18.4)
Cystic kidney disease 80 (11.4)
FSGS 78 (11.1)
Glomerulonephritis 52 (7.4)
HUS 9(1.3)
Miscellaneous 44 (6.3)
Unknown 47 (6.7)

Initial modality of KRT, n (%)
Peritoneal dialysis 423 (60.3)
Hemodialysis 121 (17.3)
Preemptive transplantation 157 (22.4)

Age at initiation of KRT, median (IQR) (yr)
Age categories, n (%)

10.2 (3.1-14.5)

<ly 112 (16.0)
1-5y 119 (17.0)
6-19y 470 (67.0)

KRT, kidney replacement therapy; IQR, interquartile range; CAKUT,
Congenital anomalies of the kidney

Table 2 Initial modality of kidney replacement therapy by age group

Initial modality <ly 1-5y 6-19y All
Peritoneal dialysis 100 92 231 423
Hemodialysis 12 14 95 121
Preemptive transplantation 0 13 144 157
Total 112 119 470 701

deaths between male and female patients, and the main pri-
mary kidney diseases were cystic kidney disease and heredi-
tary nephropathy. Among the deaths, there were fewer trans-
plants for the initial modality of KRT.

Details of the time from the start of KRT to death and the
causes of death for each age group are shown in Fig. 2. Dur-
ing the observation period, the highest number of patients
(18/39, 46.2%) died within 1 year after the start of KRT.
However, in the <1-year-old group, we found that there were
constant deaths until about 3 years after the start of KRT. Of
the 18 patients who died within 1 year, the most common
causes of death were infection (8/18, 44.4%) and cardio-
pulmonary disease (5/18, 27.8%). Table 6 shows the causes
and proportions of deaths according to age. Infection was
the most common cause of death, accounting for 35.9% of
all patients, followed by sudden death, with a rate of 15.4%.
Furthermore, we found that both occurred in all age groups.
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Fig. 1 Kaplan—Meier survival curves in children with CKD stage 5
stratified according to age at the commencement of KRT. Kaplan—
Meier survival analysis showed that the younger age group (<1 year)
had a significantly lower survival rate compared to that of the other
age groups (hazard ratio [HR], 5.35; 95% CI, 2.60-11.03; P < 0.001).
CKD, chronic kidney disease; KRT, kidney replacement therapy

Discussion

The cumulative 5-year survival rate for the entire cohort
was 92.5%, which was excellent and like other high-income
countries [8, 19]. However, the youngest age group, which
started KRT before 1 year of age, had the worst mortality,
which was five times higher than that in the older age group
(=6 years). Interestingly, after the age of 1 year, the survival
rate clearly improved and did not differ from that of other
age groups.

Until the early 1980s, chronic maintenance dialysis was
not available for infants with CKD stage 5. Nowadays, how-
ever, most infants can be treated with dialysis due to remark-
able advances in medical technology. The number of infants
who started chronic PD and were registered in the United

from 13.4% during 1992-2001 to 14.9% during 2002-2011
[9]. In the present study, the proportion of patients who
started KRT during infancy was also high, at 16.0% of the
entire cohort. This is approximately ten times higher than
that in low-income countries, where medical resources are
scarce [21]. Despite the high proportion of difficult-to-man-
age infants in this cohort, a high 5-year survival rate was
achieved for the entire cohort.

However, the management of infants and <5-year-old chil-
dren remains one of the greatest challenges for pediatric neph-
rologists [22-25]. It has already been reported that the survival
rate of infants and <5-year-old children with CKD stage 5 is
low. USRDS 2019 Annual Data revealed that the 5-year survival
rate (83.0%) in children of 0—4 years of age who started chronic
PD was significantly lower than that in the 5—17-year-old group
(93.3%-96.0%) [19]. Similarly, data from the Italian Registry of
Pediatric Chronic Dialysis (IRPCD) also showed that children
<5 years of age at the start of dialysis had significantly lower
survival rates than children who started dialysis at the age of
5-15 years [26]. Although the only available Asian data are from
Taiwan, it was reported that the mortality rate of children aged
04 who started chronic PD was significantly higher than that of
children aged 15-19 years [23]. In recent years, there has been
amove to further stratify the children of the <5-year-old group:
the <1-year-old group and the >1-year-old group. It has been
found that the survival rate of the <1-year-old group remains
quite low in Western countries [9]. However, detailed informa-
tion in Asian countries is scarce. Therefore, in this study, the
<1-year-old group was stratified for examination. The results
showed that the survival rate of infants was significantly lower
than that of other age groups, as reported in previous studies.
However, the survival rate of children >1 year of age did not
differ from that of other age groups and was clearly superior

Table 4 Hazard ratios for association between age categories and all-
cause mortality

Age group, years 95% Confidence interval

States Renal Data System (USRDS) increased from 543 dur- Hazard ratio  Lower  Upper  P-value
ing 1990-1999 to 1180 during 2000-2014 [20]. A similar
& . & [20] <ly 5.35 2.60 11.03 <0.001
trend was also observed in data from the NAPRTCS. The
. . e .. . 1-5y 1.54 0.58 4.07 0.39
proportion of infants initiating chronic dialysis increased
6-19y Reference
Table 3. .C.umulative. survival Time (years) <ly -5y 6-19y
probabilities for patients
beginning kidney replacement Survival (%)  95% CI Survival (%)  95% CI Survival (%)  95% CI
therapy by age group
92.4 874976 95.6 92.0-99.5 98.8 97.8-99.9
91.2 85.9-969 95.6 92.0-99.5 97.7 96.3-99.2
82.0 742-90.6 943 89.9-98.9  97.1 95.4-98.8
78.8 70.4-88.3 94.3 89.9-98.9  96.7 94.9-98.6
76.8 67.7-87.0 943 89.9-989  96.0 93.7-98.3
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Table 5 Characteristics of 39 cases of death during kidney replace-
ment therapy

Characteristics

Number of deaths during study period 39

Age at death, years (IQR) 3.6 (1.4-12.9)

Time from initiation of KRT to death, years (IQR) 1.3 (0.5-2.7)

Male sex, n (%) 17 (43.6)

Primary kidney disease, n (%)

CAKUT 6(15.4)
Hereditary nephropathy 8 (20.5)
Cystic kidney disease 9(23.1)
FSGS 3(7.7)
Glomerulonephritis 1(2.6)
HUS 0(0)

Miscellaneous 7(17.9)
Unknown 5(12.8)

Initial modality of KRT, n (%)

Peritoneal dialysis 29 (74.4)
Hemodialysis 9(23.1)
Preemptive transplantation 1(2.6)

Modality at the time of death, n (%)

Peritoneal dialysis 29 (74.4)
Hemodialysis 8 (20.4)
Preemptive transplantation 1(2.6)

Unknown 1(2.6)

KRT, kidney replacement therapy; IQR, interquartile range; CAKUT,
Congenital anomalies of the kidney and urinary tract; FSGS, focal
segmental glomerulosclerosis; HUS, hemolytic uremic syndrome

to that of infants. These results are consistent with the longi-
tudinal data from the ANZDATA Registry, published in 2021
[10]. The reasons for the lower survival of infants on KRT have
been reported to be related to the higher frequency of infections,
including peritonitis on PD, primary kidney disease, including
autosomal recessive polycystic kidney disease (ARPKD), and
the presence of comorbidities [27-32]. In the present cohort,
PKD was the most common primary kidney disease among
infants. Infections were the most common cause of death within
1 year of KRT initiation.

The strength of this study is that we have described a
detailed cohort of Asian children with CKD stage 5, with
stratification of infants and <5-year-old children. However,
this study has several limitations. First, since reporting to
the Japanese Society for Pediatric Nephrology CKD stage
5 Survey is voluntary and at the discretion of the reporting
physicians, it is reasonable to assume that some institutions
would report only successful cases. However, as the mor-
tality results in the survey seem to be consistent with the
literature and other registries [23, 32—34], it remains a valid
tool for investigating the outcomes of long-term dialysis
initiated during childhood in Japan. Second, several institu-
tions did not provide information on the causes of death,
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Fig.2 Detailed description of the deceased, including primary kid-
ney disease and time from KRT initiation to death. (a) < 1 year old,
(b) 1-5 years old, (c) 6-19 years old. CNS, congenital nephrotic syn-
drome; HDK, hypo/dysplastic kidney; ARPKD, autosomal recessive
polycystic kidney disease; ADPKD, autosomal dominant polycys-
tic kidney disease; AKI, acute kidney injury; ARB, angiotensin-II
receptor blocker; FSGS, focal segmental glomerulonephritis; TMA,
thrombotic microangiopathy; MELAS, mitochondrial myopathy,
encephalopathy, lactic acidosis, and stroke-like episodes; KRT, kid-
ney replacement therapy

which would have resulted in a higher percentage of deaths
reported as unknown, thus making comparisons more dif-
ficult. However, as these were considered to occur randomly,
they were unlikely to affect the ranking of causes of death
in this study. Third, patients who were on dialysis for CKD
stage 5 but died before discharge may not have been included
in the cohort. Thus, the number of deaths may have been
underestimated. Fourth, since the number of events in this
study is very small (39 cases), we may not have adjusted for
all confounders. However, this is a common occurrence in
this research field. Therefore, future studies with the estab-
lishment of a global registry are necessary.
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Table 6 Causes of death stratified according to age at initiation of
kidney replacement therapy

Causes of death <ly -5y 6-19y All
n=19 n=7 n=13 n=39
Infection 6(31.6) 3(42.9) 5(38.5) 14(35.9)
Cardiopulmonary 3(15.8) 0(0) 3(23.1) 6(154)
Cerebrovascular 0(0) 0(0) 0 (0) 0(0)
Liver failure 0(0) 0(0) 1(7.7) 1@.6)
Pancreatitis 2 (10.5) 0(0) 1(7.7) 3.7
Hemorrhagic shock 1(5.3) 1(14.3) 0(0) 2(5.1)
Thrombotic microangiopa- 0(0) 1(14.3) 0(0) 1(2.6)
thy*
Malignancy 0(0) 0(0) 0(0) 0(0)
Primary diseaset 1(53) 0(0) 1(7.7) 2(.1)
Sudden death 3(15.8) 1(14.3) 2(154) 6(154)
Unknown/missing 3(15.8) 1(14.3) 0(0) 4(10.3)

*Thrombotic microangiopathy: thrombotic microangiopathy after
umbilical cord blood transplantation

tPrimary disease: Galloway-Mowat syndrome and Cockayne syn-
drome included

Conclusion

The overall survival rate of pediatric patients with CKD
stage 5 in Japan is like that in other high-income countries.
The age at initiation of KRT is an important factor affect-
ing survival since the poorest survival rate was observed in
infants. Further improvement in infant dialysis therapy is
warranted to improve the survival rate of infants.

Supplementary Information The online version contains supplemen-
tary material including a graphical abstract available at https://doi.org/
10.1007/300467-022-05568-4.
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