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Abstract

Children with severe acute kidney injury (AKI) have had a high mortality rate despite the use of advanced renal
replacement therapy (RRT). This study aims to determine the clinical outcomes and the predictors of survival
in pediatric AKI requiring RRT in Thailand. All patients aged | month to |8years with AKI requiring RRT in the
Department of Pediatrics, Ramathibodi Hospital from January Ist, 2010 to December 3Ist, 2019 were enrolled.
Clinical and laboratory data were obtained through a medical record review. There were 92 patients with a 45%
survival rate. Five factors associated with mortality included multi-organ dysfunction syndrome, presence of sepsis,
high pediatric risk of mortality I, use of nephrotoxic drugs, and use of vasopressors. By multivariate analysis, the
presence of sepsis and the use of nephrotoxic drugs were independently associated with mortality. Patients with

fluid overload =10% was associated with poor survival.
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Introduction

Acute kidney injury (AKI) is common in critically ill
children, occurring in 10% to 82% of critically ill
patients depending on the definition and population
studied.!? According to the reported data from a tertiary
care hospital in Thailand, the incidence of AKI varies
from 4.6 to 9.9 cases per 1000 pediatric patients admit-
ted to general pediatric wards.> Children with severe
AKI often need renal replacement therapy (RRT).
Indications for RRT initiation include fluid overload,
electrolyte imbalance, and uremia, which is refractory to
medical treatments.

Children with severe AKI have a high mortality rate.
In the 2010s, despite an improvement in pediatric critical
care and the use of advanced RRT in developed coun-
tries, the mortality rates remained high, ranging from
36% to 50%.2%1314 Risks of mortality in severe AKI
requiring RRT include bone marrow transplantation,
multi-organ dysfunction syndrome (MODS)), sepsis, high

degree of fluid overload, vasopressor use, late initiation
of RRT, and infant patient.*!*

Choices of RRT in AKI are acute peritoneal dialysis
(PD), intermittent hemodialysis (HD), and continuous
renal replacement therapy (CRRT). Previously, only HD
and PD were available, but CRRT has been increasingly
used in Southeast Asian countries. The objective of this
study was to determine the clinical outcomes and the
predictors of survival in pediatric AKI requiring RRT at
a tertiary care university hospital, Thailand.
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Material and Methods

All patients aged 1 month to 18 years with AKI requiring
RRT in the pediatric department, Ramathibodi hospital
from January 1, 2010 to December 31, 2019 were
enrolled. Clinical and laboratory data were obtained
through a medical record review. Collected data included
demographic and clinical information (age, gender,
diagnosis, weight, height, fluid balance at hospital
admission, RRT modalities, indication for RRT initia-
tion, fluid balance at RRT initiation, use of diuretics and/
or vasopressors, Pediatric Risk of Mortality IIT (PRISM
II) score, hospital length of stay, PICU length of stay,
duration and complication of RRT, and outcomes). The
estimated glomerular filtration rate (eGFR) was calcu-
lated using the modified Schwartz et al formula.!> The
consultant nephrologist decided on the timing of RRT
initiation and modality.

Stage of AKI was defined by serum creatinine and
urine output, according to KDIGO 2012.'° Sepsis was
defined as pediatric systemic inflammatory response
(SIRS) in the presence of or suspected infection. Multi-
organ dysfunction syndrome (MODS) was defined as
the presence of at least 3 failed organs, based on the cri-
teria from the International pediatric sepsis consensus.!’
Severe dengue infection was defined by dengue infec-
tion with massive plasma leakage, respiratory distress,
severe bleeding, or organ impairment.'® Nephrotoxic
substances were medications, contrast media, and toxic
chemicals that affect kidney function.

The following formula was used to calculate the
degree of fluid overload (FO) that developed between
the diagnosis of AKI and the start of RRT: fluid overload
(%) =[(fluid in—fluid out)+ (weight)] X 100, where fluid
in (or out) is the amount of fluid in liters, and weight is
measured in kilograms. Timing of RRT initiation was
defined as the duration from the diagnosis of severe AKI
to the start of RRT. The primary outcome was survival to
hospital discharge. The secondary outcomes were the
duration of RRT administration, the length of pediatric
intensive care unit (PICU) stay, the length of hospital
stay, and the renal outcomes in survivors.

Ethical Approval and Informed Consent

This retrospective chart review study involving human
participants was in accordance with the ethical standards
of the institutional and national research committee and
with the 1964 Helsinki Declaration and its later amend-
ments or comparable ethical standards. The Ramathibodi
Hospital Ethics Committee for Human Research
approved this study (ID 2020/326). Informed consent
was waived due to the retrospective nature of this study.

Statistical Analysis

Categorical variables were presented as number (per-
centage). Continuous variables were presented as
mean * standard deviation (SD), or median (interquartile
range, IQR) as appropriate. The significance of differ-
ences between survivors and non-survivors was analyzed
with the Chi-square test or the Fisher’s exact test, as
appropriate. Comparisons between patient groups were
performed using independent #-test or Mann-Whitney U
test for continuous variables. Comparison of mortality
rates among the 3 groups of fluid overload was per-
formed using one-way analysis of variance. A univariate
analysis was performed on clinical variables to identify
the potential risk factors for mortality. Significant vari-
ables from univariate analysis were adopted in the multi-
variate logistic regression model to evaluate the
association with mortality. Crude and adjusted odds
ratios (ORs) and their corresponding 95% Cls were esti-
mated. SPSS version 18 (SPSS, Inc., Chicago, IL, USA)
was used for all statistical analysis. The P-value <.05 was
considered statistically significant.

Results

There were 96 AKI patients requiring RRT in our pedi-
atric department. Four patients were excluded due to
known ESKD. Therefore, 92 patients were enrolled in
the study. CRRT, HD, and PD were used in 69%, 26%,
and 5% of these patients respectively. The patient sur-
vival rate was 44.6%. Demographic and clinical data are
shown in Table 1. There were no significant differences
in demographic data between survivors and non-survi-
vors. The 5 most common comorbidities were sepsis
(56.5%), hemato-oncologic diseases (37%), primary
renal diseases (31.5%), severe dengue (10.9%), and sta-
tus post hematopoietic stem cell transplant (10.9%).
Primary renal disease comorbidity was more frequent in
the survivor group than the non-survivor group. The
non-survivor group had a higher percentage of sepsis
comorbidity, nephrotoxic-drug uses, and vasopressor
uses than the survivor group. The mean percentage of
fluid overload (%FO) at RRT initiation was 14.9 = 8.9.
The non-survivor group showed a significantly higher
amount of FO when compared with that of the survivor
group.

When patients were stratified by degree of FO,
patients with %FO <10%, 10%, 20%, and >20% had
significantly different mortality rate of 35.3%, 65.8%,
and 70% respectively (P-value .011) (Figure 1).

Univariate analysis showed that factors associated
with mortality included the presence of sepsis, use of
nephrotoxic drugs, use of vasopressors, MODS, PRISM
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Table |I. Demographic and Clinical Data of Study Population.
Characteristics All (N=92) Non-survivors (N=51) Survivors (N=41) P-value
Age (y), median (IQR) 9.6 (3.6, 12.8) 9.8 (3.4, 13.4) 9.4 (4.2, 12.5) .88
Male gender, n (%) 44 (47.8) 22 (43.1) 22 (53.7) 32
Weight (kg), mean = SD 311 £18.6 30.1 =187 323+185 .58
Age <ly, n (%) 11 (12) 6(11.8) 5(122) 1.0
Comorbidity, n (%)
Sepsis 52 (56.5) 39 (76.5) 13 (31.7) <.001
Hemato-oncological disease 34 (37) 23 (45.1) I'l(26.8) 071
Primary renal disease 29 (31.5) 7 (13.7) 22 (53.7) <.001
Severe dengue 10 (10.9) 8 (15.7) 2(49) .18
Post-BMT patient 10 (10.9) 8 (15.7) 2(49) .18
Acute myocarditis 7 (7.6) 4(7.8) 3(7.3) 1.0
Acute liver failure 7 (7.6) 6(11.8) I (2.4) .13
Congenital heart disease 4 (4.3) I (2.0) 3(7.3) .32
Use of nephrotoxic drugs, n (%) 32 (34.8) 25 (49) 7(17.1) .001
Use of vasopressors, n (%) 51 (55.4) 36 (70.6) 14 (34.1) <.001
Use of ECMO, n (%) 6 (6.5) 5(9.8) | (2.4) 22
Fluid overload in %, mean = SD 149 +8.9 17.3+87 11.9+84 .007
Timing of initiation (h), median (IQR) 42 (18, 80) 33 (14, 57) 52 (20, 120) .056

Abbreviations: BMT, bone marrow transplantation; ECMO, extracorporeal membrane oxygenation.
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Figure |. Percentage of fluid overload at RRT initiation and
mortality rate. Error bars represent 95% CI for the mortality
rate. P=.011.

III score = 15%, and FO=10% (Table 2). On the other
hand, patients with primary renal disease comorbidity
had a lower mortality rate. Potentially influential vari-
ables were used in the multivariate logistic regression
model. We found that sepsis and the use of nephrotoxic
drugs were the independent risk factors for mortality
with an adjusted odds ratio of 4.816 [95% CI, 1.488-
15.587] and 3.434 [95% CI, 1.015-11.612] respectively.
Primary renal disease was significantly associated with
a better survival rate (Table 3).

The mortality rate between RRT modalities was signifi-
cantly different (P-value<<.001). Those who received
CRRT had a significantly higher mortality rate (47/63,
74.6%) than those who received PD (1/5, 20%) and HD
(3/24, 12.5%). We then divided patients into 2 groups: the
CRRT group and the non-CRRT (HD & PD) group. When
we compared these groups, we found that patients who
received CRRT had a significantly higher proportion of
MODS (95.2% vs 48.3%, P-value<<.001) and a mean
PRISM 1III score (15.7%x5.64 vs 10.72*+441,
P-value <.001). In addition, sepsis comorbidity, the use of
nephrotoxic drugs, and the use of vasopressors were more
common in the CRRT group (Table 4). In CRRT group,
patients with %FO <10%, 10%, 20%, and >20% had
mortality rates of 58.8%, 82.8%, and 76.5% respectively,
which were not significantly different (P-value .201).

Overall, the median (IQR) duration of RRT adminis-
tration was 6 (2.0-14.75) days, the median (IQR) length
of PICU stay was 11.27 (5.56-18.66) days, and the
median (IQR) length of hospital stay was 26.17 (12.77-
48.85) days. In the survivor group, the median (IQR)
duration of RRT administration was 7.13 (2.57-15.0)
days and the median (IQR) length of PICU stay was 13
(7.0-18.58) days. In the non-survivor group, the median
(IQR) duration of RRT administration was 5 (1.38-13.58)
days and the median (IQR) length of PICU stay was 9.96
(4.0-20.46) days. The median duration of hospital stay
was longer in the survivor group than in the non-survivor
group (32.9 vs 19.0days, P-value .008).
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Table 2. Factors Associated With Patient Mortality by Univariate Logistic Regression.

Variables Non-survivors (N=51) Survivors (N=41) Odds ratio 95% ClI P-value
Sepsis 39 (76.5) 13 (31.7) 7.0 2.78-17.61 <.001
Use of nephrotoxic drugs 25 (49) 7(17.1) 4.7 1.75-12.46 .001
Use of vasopressors 36 (70.6) 14 (34.1) 4.6 1.91-11.19 <.001
MODS 48 (94.1) 26 (63.4) 9.2 2.45-34.84 <.001
PRISM Il score =15 29 (58) 8(21.6) 5.0 1.91-13.12 .001
Fluid overload =10% 39 (76.5) 19 (46.3) 3.8 1.54-9.18 .003
Primary renal disease 7 (13.7) 22 (53.7) 0.14 0.05-0.38 <.001
Abbreviations: MODS, multi-organ dysfunction syndrome; PRISM Ill, pediatric risk of mortality Ill.

Table 3. Predictors of Mortality in AKI Patients Requiring RRT by Multivariate Logistic Regression.

Variables Adjusted odds ratio 95% ClI P-value
Sepsis 4816 1.488-15.587 .009
Use of nephrotoxic drugs 3.434 1.015-11.612 .047
Primary renal disease 0.270 0.074-0.982 .047
PRISM Il score =15 2.745 0.849-8.872 .092
Fluid overload =10% 2.442 0.745-8.006 141
Use of vasopressors 1.365 0.384-4.856 631
MODS 0.838 0.129-5.425 .853

Abbreviations: MODS, multi-organ dysfunction syndrome; PRISM I, pediatric risk of mortality IlI.

Table 4. Comparison Between CRRT and Non-CRRT Group.

Variables CRRT group (N=63) HD&APD group (N=29) P-value
MODS, n (%) 60 (95.2) 14 (48.3) <.001
PRISM Il score, mean = SD 15.7+5.64 10.72 £ 4.41 <.001
Sepsis, n (%) 47 (74.6) 5(17.2) <.001
Use of nephrotoxic drugs, n (%) 29 (46) 3 (10.3) .001
Use of vasopressors, n (%) 47 (74.6) 3 (10.3) <.001

Abbreviations: CRRT, continuous renal replacement therapy; HD, hemodialysis; APD, acute peritoneal dialysis; MODS, multi-organ dysfunction

syndrome; PRISM I, pediatric risk of mortality II.

We assessed the renal outcomes of 41 survivors
3months after starting RRT. The average eGFR was
104.2ml/min/1.73 m?. Nine of the 41 patients had an
eGFR of less than 60 ml/min/1.73 m?, and 8 of them had
primary renal disease comorbidity. There are 4 dialysis-
dependent patients, all of whom had primary renal dis-
ease comorbidity.

Discussion

Children with severe AKI requiring RRT have a high
mortality rate. In this study, the overall mortality rate
was 55.4%. This was higher than the mortality rate in
previous pediatric studies.>®!*!* Various studies have
attempted to determine risk factors for mortality.
Higher severity of illness scores, including the pediat-
ric index of mortality (PIM) and PRISM scores, was

found in the non-survivors.”!'"'3 On the other hand,
some studies reported that these scores were not sig-
nificantly different between survivors and non-survi-
vors.”!2!4 In our study, the PRISM III scores were
significantly higher in the non-survivors in univariate
analysis but were not an independent factor in the mul-
tivariate analysis.

Patients with severe AKI usually have other organ dys-
functions. Studies in The Prospective Pediatric Continuous
Renal Replacement Therapy (ppCRRT) Registry Group
have reported that MODS was common in pediatric
patients receiving CRRT and independently associated
with mortality.®!° Similarly, Hayes et al reported that the
presence of MODS was significantly associated with
increased mortality.'> We also found MODS at 80.4% in
our study population and MODS was significantly associ-
ated with mortality.
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The use of vasopressors has been described as a poor
prognostic factor in several studies. Bunchman et al
reported that the requirement for vasopressors was the
most predictive of outcome in children. The survival
rates were 35% and 89% in children requiring vasopres-
sors and not requiring vasopressors respectively.®
Moreover, Foland et al reported that vasoactive infusion,
which was used for cardiovascular support, was signifi-
cantly more frequent in non-survivors.’ Our study is con-
sistent with these studies in that the use of vasopressors
was significantly associated with poor survival.

Sepsis was a common leading cause of CRRT
use.®!1%13 Although sepsis was not associated with sur-
vival, according to a recent study,'® sepsis was the inde-
pendent risk factor for mortality in our study. We found
that AKI patients with sepsis comorbidity preceding
RRT administration had 4 times increased risk of mor-
tality. In the same way, Hayes et al reported that the odds
ratio of mortality in the presence of sepsis was 6.8 after
controlling covariates.'?

The use of nephrotoxic drugs is one of many causes of
AKI3'® Some drugs result in irreversible kidney damage
and may contribute to morbidity and mortality. In our
multivariate analyses, we found that the use of nephro-
toxic drugs was an independent risk factor for death.

Several CRRT studies reported the association between
the degree of fluid overload (%FO) and survival. Foland
et al collecting data of fluid balance up to 7days before
CVVH, found that the median %FO were 7.8 and 15.1 in
survivors and non-survivors respectively. The authors
demonstrated that the amount of fluid retention before the
initiation of CVVH was independently associated with
survival, as well as in subgroups of patients with MODS.’
According to Pichler et al non-survivors had more severe
FO than survivors (45% vs 12% respectively).!! Goldstein
et al calculated %FO by considering total fluid intake and
output data from ICU admission to CRRT initiation.
Survivors and non-survivors had the mean %FO of 14.2
and 25.4 percent respectively, and %FO remained sub-
stantially lower for survivors versus non-survivors in a
multivariate analysis adjusted for illness severity.'® Hayes
et al reported that the median %FO were 7.3 and 22.3 in
survivors and non-survivors respectively, and the odds
ratio of mortality in patients with >20% FO was 6.1.'% In
a large cohort of critically ill children receiving CRRT,
the mean %FO was 12.5 and 23 in survivors and non-
survivors respectively. The mortality rates were 29.4%,
43.1%, and 65.6% in patients with <10% FO, 10% to
20% FO, and >20% FO respectively. In addition, there
was a 3% increase in mortality for each 1% increase in the
degree of fluid overload at CRRT initiation.® Recently,
Cortina et al reported the mortality rate of 20.6%, 54.1%,
and 77.3% in patients with <10% FO, 10% to 20% FO,
and >20% FO respectively. They reported that greater

FO was an independent risk factor for death in multivari-
ate analysis.'? In our study, an increase in survival of pedi-
atric AKI patients who required RRT was associated with
less fluid overload. This finding is comparable with data
from previous studies. However, the greater degree of FO
was not significant in our multivariate analysis control-
ling for comorbidities and severity of illness. Furthermore,
in our CRRT subgroup, the difference in mortality rates
among the groups of FO was not statistically significant.
This discrepancy may be explained by a slightly higher
mortality rate in our CRRT subgroup and a small number
of each group of FO.

To date, CRRT has been increasingly used in devel-
oping countries. CRRT studies in the last decade reported
that the mortality rate was 36% to 63%.%%13!4 The pres-
ence of MODS was described at 57.7% to 78.5%.%13 The
mean PRISM III score was 14.0 to 14.3.%!4 In our CRRT
subgroup, the mortality rate was higher than that of pre-
vious studies. This may be explained by the fact that
most of our CRRT patients had MODS and a relatively
high PRISM III score. The higher mortality rate of
CRRT patients among all RRT modalities was more
likely to be related to more severe underlying condi-
tions, not the RRT modality itself.

Focusing on the timing of initiation, in a pediatric
study, Cortina et al determined the timing of initiation as
an independent predictor of mortality.'”> On the other
hand, a large, multinational, randomized trial in critically
ill adult patients with severe acute kidney injury found
that an accelerated renal replacement strategy was not
associated with a lower risk of death at 90days than a
standard strategy.'” In our study, the timing of initiation
was not associated with survival. We prefer that a pro-
spective pediatric study with a standardized protocol be
required to determine the effect of timing of RRT initia-
tion on survival.

Patients with AKI are considered to be at increased
risk for CKD.!® A quarter of the survivors in our study
had developed chronic kidney disease. Patients with pri-
mary renal disease were at a high risk for chronic kidney
disease and end-stage kidney disease despite having
lower mortality.

Our study has some limitations. First, we did not
include pediatric postoperative cardiac surgical patients
requiring RRT because, in our institute, peritoneal dialy-
sis prescription in these children was decided by cardio-
vascular surgeons, not by the nephrologists. Second, it is
a small retrospective study conducted in a single center.
Third, there was no record of the delivered dose of
CRRT. Accordingly, we could not demonstrate the out-
come of different doses of CRRT.

In conclusion, pediatric patients with severe AKI
requiring RRT in our country still had a high mortality
rate. Fluid overload more than 10% associated with poor
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survival. Sepsis and the use of nephrotoxic drugs were
the independent risk factors of mortality.
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