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Abstract

Key words

Introduction: Sepsis is the most common critical illness in clinical settings, and septic acute kidney injury
(AKI) is a major cause of mortality in paediatric patient. Methods: We aimed to investigate scoring
systems for determining the severity of septic AKI through mortality prediction using Pediatric Risk of
Mortality IIT (PRISM III), Pediatric Multiple Organ Dysfunction Score (P-MODS), and Pediatric Critical
Illness Score (PCIS). The clinical data of 102 paediatric patients with septic AKI admitted to the paediatric
intensive care unit from January 2014 to December 2018 were collected. Receiver operating characteristic
(ROC) curves were plotted to determine the optimal cutoff values of the scoring systems for assessing
mortality. Results: There were 25.64% death rates among patients with stage 1 disease, 45% with stage 2
disease, and 58.14% with stage 3 disease, with a significant difference (x>=8.8409, p=0.012). The cutoff
values of the ROC curves of PRISM III, P-MODS, and PCIS were 12, 6, and 82, respectively, in patients
with not staged septic AKI; 12, 5, and 84, respectively, in patients with stage 1 septic AKI; 17, 9, and 72,
respectively, in patients with stage 2 septic AKI; and 12, 7, and 74, respectively, in patients with stage 3
septic AKI. Conclusions: PRISM 111 was the best mortality risk assessment system for paediatric patients
with not staged septic AKI. PCIS was better in predicting the mortality risk of paediatric patients with
stage 1 AKI, whereas PRISM III was better for paediatric patients with stage 2 and 3 AKI.

Acute kidney injury; Pediatric Critical Illness Score; Pediatric Multiple Organ Dysfunction Score;
Pediatric Risk of Mortality III; Sepsis
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Scoring Systems for Septic AKI

Introduction

Sepsis is a major healthcare problem, affecting millions
of people around the world each year.! It is a typical
complication of severe trauma, burns, shock, and major
surgery, and an important cause of mortality in patients
with trauma and burns. Statistics show that about 8 million
children under the age of five dead each year in the world,
nearly 70% are due to sepsis caused by infection. Even in
the United States, a country with advanced medical
technology, 42,000 children have severe sepsis every year,
with a mortality rate of up to 10% among them. Meanwhile
the mortality rate of paediatric patients with severe sepsis
in paediatric intensive care units (PICUs) reaches up to
50% in developing countries.> In China, sepsis among
children is also an important concern. An article published
in November 2014 in Pediatric Critical Care Medicine
evaluated the prevalence of sepsis in paediatric patients in
Huai'an District of Jiangsu Province in China. The study
showed that not only was there a large number of
paediatric patients with sepsis but also that the patients
were young, with 80% <5-year-old and 36% <1-year-old.
The mortality rate among paediatric patients with sepsis
was also extremely high (33% died of severe sepsis, 74%
died of respiratory failure with or without septic shock),
and most patients did not have underlying diseases.>* In
2013, a prospective multicentre study on paediatricacute
kidney injury (AKI) in China was published in BMC
Urology, which showed that sepsis was the leading cause
of mortality in children with AKI, accounting for 34.9% of
deaths among paediatric patients.>*

Severe sepsis is a major cause of death in PICUs in
both developing and developed countries, and septic AKI
increases the risk of in-hospital death six to eight-fold.
The third generation of the Pediatric Risk of Mortality
(PRISM I1I), published in 1996, is one of the widely used
scoring systems for assessing condition and prognosis for
critically ill children admitted to PICU.® The Pediatric

Table1  AKI staging in the 2012 KDIGO guidelines
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Critical Illness Score (PCIS) is the most widely used and
effective scoring method for paediatric critical illness in
China. The objective of the present study was to compare
three paediatric critical illness scoring systems in
combination with the staging criteria for AKI diagnosis
developed by the Kidney Disease Improving Global
Outcomes (KDIGO) Work Group, in order to evaluate the
suitability of scoring systems in predicting the mortality of
patients admitted in PICU. Receiver operating
characteristic (ROC) curves were plotted to compare the
predictive effect of the area under the ROC curve (AUC)
of each assessment system on the mortality of paediatric
patients with septic AKI, in order to select the appropriate
critical illness scoring system for different AKI stages.

Data and Methods

Study Populations and Groups

A total of 102 paediatric patients with septic AKI who
were treated in the PICU of West China Second University
Hospital of Sichuan University from January 2014 to
December 2018 were included. This study was conducted
in accordance with the provisions of the revised 2013
World Medical Association Declaration of Helsinki.

Methods
Diagnostic Criteria

The diagnosis of sepsis was based on the "Expert
Consensus on the Diagnosis and Treatment of Pediatric
Septic Shock (2015 edition)".” The diagnosis and staging
of septic AKI in paediatric patients were based on the 2012
KDIGO guidelines (Table 1).® The baseline creatinine was
derived by urine volume assessment, or according to
European Renal Best Practice (ERBP) Working Group
recommended that the first recorded serum creatinine
value as a baseline.

Stage Serum creatinine criteria Urine output criteria

Stage 1 1.5-1.9 times baseline or >0.3 mg/dl (>26.5 pmol/L) increase <0.5 mL/kg.h, time 6-12 h

Stage 2 2.0-2.9 times baseline <0.5 mL/kg.h, time >12 h

Stage 3 3.0 times baseline or >4.0 mg/dl (>353.6 pmol/L) increase in or Oliguria (<0.3 mL/kg.h) >24 h or anuria >12 h

initiation of renal replacement therapy or in patients <18 years

decrease in eGFR <35 ml/min per 1.73 m?

AKI, acute kidney injury; KDIGO, the Kidney Disease Improving Global Outcomes
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Inclusion and Exclusion Criteria

Paediatric patients who met the diagnostic criteria for
sepsis and were diagnosed with AKI based on the 2012
KDIGO guidelines were included. Paediatric patients
diagnosed with sepsis but not AKI, or paediatric patients
diagnosed with AKI but without clinical manifestations of
sepsis were excluded.

Data Collection and Relevant Diagnostic Parameters

The clinical data of all paediatric patients were
retrospectively collected, including basic epidemiological
data (sex, age of onset), vital signs on admission to the
intensive care unit, and results of auxiliary examinations.
The disease was evaluated and scored by the bedside
clinician using three critical illness assessment systems —
PRISM 1II, PCIS, and Pediatric Multiple Organ
Dysfunction Score (P-MODS), and the bedside clinician
were blind to the outcome and blinded to the stage of AKI.

Statistical Analysis

Statistical analyses were performed using SAS 9.4
software. Sample size was calculated using the formula for
determining the number of samples required for a
diagnostic test.” Qualitative data, such as sex, age, AKI,
and mortality, were expressed as rate or percentage (%).
Differences in rates were compared using the chi-square
test. ROC curves were plotted to determine the optimal
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cutoff values of the PRISM III score, PCIS, and P-MODS.
The cut-off values and the areas under the ROC curve were
used to assess the mortality in paediatric patients with
septic AKI that had not been staged (not staged septic
AKI). Moreover, the best scoring system among PRISM
II, PCIS, and P-MODS for predicting mortality in
paediatric patients with different stages of AKI was also
evaluated. The maximum value of the Youden index was
used as the optimal cutoff value.!

Results

Clinical Data Analysis
Baseline Clinical Data

A total of 102 paediatric patients with septic AKI were
included in this study, including 65 boys (63.73%) and 37
girls. The age of onset was 5.324+4.88 years. The youngest
patient was 1 month old, and the oldest patient was 17
years old. A total of 62 children (60.78%) were <5 years
old (Table 2).

Among the paediatric patients with septic AKI, 44
(43.14%) died, 26 of whom were <5 years old, accounting
for 59.09% of all deaths. According to AKI stages, there
were 10 deaths (25.64%) among 39 patients with stage 1
disease, 9 deaths (45%) among 20 patients with stage 2
disease, and 25 deaths (58.14%) among 43 patients with

Table2  Analysis of clinical data of 102 paediatric patients with septic AKI [number of patients (%)]

Group Died Survived x? 4
n 44 58
Sex Male 30 (46.15) 35 (53.85) 20399 0.3606
Female 14 (37.84) 23 (62.16)
< . .
Age 5 years 26 (41.94) 36 (58.06) 0.1010 0.9508
>5 years 18 (45.00) 22 (55.00)
AKI stage ! 10(25.64) 29(74.36) 8.8409 0.012
2 9 (45.00) 11 (55.00)
3 25 (58.14) 18 (41.86)
Group Died Survived x? p
n 44 58
< . .
PCIS 82 34(62.96) 2037.04) 17.9025 <0.0001
>82 10 (20.83) 38(79.17)
= . .
PRISM IIT 12 33(75.00) 11(25.00) 32.0266 <0.0001
<12 11 (18.97) 47 (81.03)
= . .
P-MODS 6 29(61.70) 18 (38.30) 12.2473 0.0005
<6 15 (27.27) 40 (72.73)

AKI, acute kidney injury; PCIS, Pediatric Critical Illness Score; PRISM 111, Pediatric Risk of Mortality III; P-MODS, Pediatric Multiple Organ Dysfunction Score
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stage 3 disease. The mortality rate significantly increased
with higher AKI stages (x>=8.8409, p=0.012). The
mortality rate showed no difference between different sex
(P=0.3606) and age (P=0.9508). The increase in mortality
rate was statistically significant when PCIS was <82,
PRISM III score was >12, and P-MODS was >6.

Best Scoring System Based on AUC
Evaluation of Each Assessment System for Not Staged
Septic AKI

Figure 1 shows the ROC curves of PRISM III, P-
MODS, and PCIS for mortality assessment in paediatric
patients with not staged septic AKI. The cutoff values were
12, 6, and 82, respectively, and the AUCs were 0.8452,
0.7414, and 0.8184, respectively. Therefore, the best
mortality risk assessment system for paediatric patients
with not staged AKI was PRISM III.

For paediatric patients with not staged septic AKI, the
AUCs for PRISM III, P-MODS, and PCIS were 0.845,
0.741, and 0.818, respectively (Table 3).

The PRISM III score, P-MODS, and PCIS for mortality
assessment in paediatric patients with not staged septic
AKI showed cutoff values of 12, 6, and 82, respectively.
PRISM III had a sensitivity of 75% and a specificity of
81.03%. P-MODS had a sensitivity of 65.91% and a
specificity of 68.97%. PCIS had a sensitivity of 77.27%
and a specificity of 65.51%. When the three scoring
systems were used jointly for assessment, the specificity
increased to 96.55% and the sensitivity decreased to
38.64% (Table 4).
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Evaluation of Each Assessment System for Septic AKI of
Different Stages

In paediatric patients with stage 1 septic AKI, the cutoff
values of the ROC curves of PRISM III, P-MODS, and
PCIS for mortality assessment were 12, 5, and 84,
respectively, and the AUCs were 0.8414, 0.7362, and
0.8810, respectively (Figure 2). Therefore, the best
mortality assessment system for paediatric patients with
stage 1 AKI was PCIS.

In paediatric patients with stage 2 septic AKI, the cutoff
values of the ROC curves of PRISM III, P-MODS, and
PCIS for mortality assessment were 17, 9, and 72,
respectively, and the AUCs were 0.8232, 0.7576, and
0.6869, respectively (Figure 3). Therefore, the best
mortality assessment system for paediatric patients with
stage 2 AKI was PRISM III.

In paediatric patients with stage 3 septic AKI, the cutoff
values of the ROC curves of PRISM III, P-MODS, and
PCIS for mortality assessment were 12, 7, and 74,
respectively, and the AUCs were 0.8367, 0.6778, and
0.7822, respectively (Figure 4). Therefore, the best
mortality assessment system for paediatric patients with
stage 3 AKI was PRISM III.

Discussion
Sepsis is the major cause of critical illness in children.

Severe sepsis occurs in approximately 8% of paediatric
patients in PICUs. The prevalence of sepsis has decreased
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Figure 1

Cutoff values and ROC curves of each assessment system for not staged septic AKI.
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owing to relative advances in medical technology and
supportive therapies, and sepsis-associated mortality has
been greatly reduced. However, it has led to increased
attention paid to the organ function and prognosis of
surviving children.'""* Severe septic AKI is a common
comorbidity of sepsis, accounting for more than half of the
cases in adult patients. Among paediatric patients with
severe diseases in PICUs, AKI occurs in approximately
16%; however, no precise data are available for septic
AKI.'*15 Many studies have demonstrated an extremely
high mortality rate in children with severe sepsis. In
PICUs, the mortality rate of critically ill paediatric patients
without AKI is 58.7%, whereas that of critically ill
paediatric patients with AKI can reach 73.4%. No
definitive mortality rate in children with septic AKI has
been reported.'®!” Given the high mortality rate of septic
AKI, early predictive assessment and active strengthening
of supportive therapies are needed to reduce the mortality
rate of paediatric patients with sepsis and improve the poor
long-term prognosis of survivors.

Peng et al

The Physiological Stability Index (PSI) is the first
worldwide-recognised critical illness severity scoring
method in children; however, it requires the assessment of
many parameters and is cumbersome to use in the clinic. In
1988, Pollack et al simplified the PSI and proposed the first
generation of PRISM, which has since evolved to the third
generation (PRISM III). PRISM III comprises 17
physiological parameters and 26 physiological parameter
ranges and is widely used in various parts of the world. It

Table3  ROC curves of PRISM III, P-MODS, and PCIS for
mortality assessment in not staged septic AKI

Assessment system AUC SE P 95% CI

PRISM III 0.845 0.040  0.000 0.767-0.923
P-MODS 0.741 0.048  0.000 0.739-0.836
PCIS 0.818 0.040  0.000  0.739-0.898

AKI, acute kidney injury; PCIS, Pediatric Critical Illness Score; PRISM 111,
Pediatric Risk of Mortality III; P-MODS, Pediatric Multiple Organ

Dysfunction Score

Table 4  Utility of PRISM III, P-MODS, and PCIS for mortality assessment in paediatric patients with not staged septic AKI

Scoring system Cutoff value Sensitivity Specificity Positive predictive Negative predictive
(%) (%) value (%) value (%)

PRISM IIT 12 75.00 81.03 75.00 81.03

P-MODS 6 65.91 68.97 61.70 72.73

PCIS 82 77.27 65.51 62.96 79.17

Joint assessment with the three systems - 38.64 96.55 89.47 67.47

AKI, acute kidney injury; PCIS, Pediatric Critical Illness Score; PRISM III, Pediatric Risk of Mortality III; P-MODS, Pediatric Multiple Organ Dysfunction Score
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Figure 2

Cutoff values and ROC curves of each assessment system for paediatric patients with stage 1 septic AKI.
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has become a standard tool for assessing the condition and
prognosis of paediatric patients in PICUs. PCIS was
developed by the Emergency Medicine Group of the
Chinese Pediatrics Society and the Pediatrics Group of the
Chinese Society of Emergency Medicine in 1995. PCIS
comprises 10 physiological parameters and is the most
widely used and effective paediatric critical illness scoring
method in China owing to its simplicity, effectiveness, and
compatibility with the national condition. P-MODS is
primarily used to assess the degree of organ dysfunction in
children by evaluating parameters such as bilirubin, lactic
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acid, fibrinogen, urea, and oxygenation index.

In the present study, the mortality rate of paediatric
patients with septic AKI was 43.14%. This result was
similar to the epidemiological results from a survey using
claims data of the National Health Insurance system in
Taiwan between 2006 and 2010, which showed that the
incidence of AKI in critically ill paediatric patients was
1.4%, of which 46.5% of the AKI cases was caused by
sepsis. The survey also showed that the rate of mortality
associated with critical illness was 44.2%. In addition,
Julie et al reported that septic AKI was an independent risk
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Figure 3  Cutoff values and ROC curves of each assessment system for paediatric patients with stage 2 septic AKI.
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Figure 4

Cutoff values and ROC curves of each assessment system for paediatric patients with stage 3 septic AKI.
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factor for death in paediatric patients with severe sepsis.!®
The mortality rate increased with higher AKI stages.
Through ROC curve and AUC analyses, we showed that
the AUC of PRISM III was 0.845 when the cutoff score
was 12, whereas the AUCs of P-MODS and PCIS were
0.741 and 0.818, respectively, which were lower than the
AUC of PRISM III. Thus, PRISM III was the most useful
system for mortality prediction in paediatric patients with
septic AKI.

A study by Kaur et al has reported that PRISM III score
has excellent capacity to discriminate between survival
and mortality. PRISM III score can be used to predict
length of stay among survivors.® A prospective
observational cohort study by Graciano et al showed that
P-MODS scores could be objectively reflected organ
dysfunction and predict the risk of death accurately.'®
Another study showed that PCIS was a protective factor
(OR: 0.88; 95% CI: 0.86-0.90) for paediatric AKL." Up to
now, few studies have been made to compare three systems
in predicting mortality in paediatric patients with different
stages septic AKI. In this study, we compared the
performance of PRISM III, P-MODS, and PCIS for the
prediction of mortality risk in paediatric patients with
septic AKI of different stages. For stage 1 septic AKI, the
mortality rate was 25.64%. Our result shows that PCIS
performed better in predicting mortality risk in paediatric
patients with stage 1 septic AKI, and the mortality risk of
paediatric patients increased when the PCIS was <84. For
stage 2 septic AKI, the mortality rate was 45.0%. Our study
suggested that PRISM III performed better than P-MODS
and PCIS in predicting mortality risk in paediatric patients
with stage 2 septic AKI. When the PRISM III score was
>17, the mortality risk of paediatric patients increased with
higher scores. For stage 3 septic AKI, the mortality rate
was 58.14%. When the PRISM III score was >12, the
mortality risk due to stage 3 septic AKI significantly
increased. PRISM III performed better than the other two
systems in predicting mortality in paediatric patients with
stage 3 septic AKI. The P-MODS score can be used to
evaluate five body functions, namely, circulation,
breathing, liver function, blood coagulation, and kidney
function. Because the P-MODS score does not include an
assessment of the nervous system, its prognostic value in
children with conditions related to the nervous system
diseases may be limited. So that there are limitations in
predicting prognosis in P-MODS score. For the PRISM 111
score, data for the following 16 variables: temperature,
systolic blood pressure, heart rate, partial pressure of
arterial oxygen (Pa02), partial pressure of arterial carbon
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dioxide (PaCO2), Glasgow Coma Scale (GCS) score,
pupillary reaction, prothrombin time (PT) and activated
partial thromboplastin time (APTT), serum creatinine,
serum urea nitrogen, serum potassium, blood glucose, and
serum bicarbonate levels, white blood cell and platelet
counts. Therefore, PRISM IlI score is relatively accurate in
predicting prognosis. The PCIS scoring system included
more electrolytes, and the scoring was greatly affected by
electrolytes. There were few electrolyte disturbances in
patients with stage 1 septic AKI. So that PCIS performed
better in predicting mortality risk in paediatric patients
with stage 1 septic AKI.

Prediction models of mortality provide great insight to
health care administrators regarding the prognosis of the
patient and may greatly benefit the decision process as well
as the outcome of the patient. The conclusion of our study
can help in-charge physician to choose more suitable
scoring systems to better predict the clinical outcomes in
children facing different stages of septic AKI. Choosing
suitable scoring systems according to different stages,
physicians can assess the survival chances of the patient. In
settings where there is a shortage of medicines and staff,
such models enable physicians to decide how and where to
direct their limited resources.

In summary, this study retrospectively compared the
results of three critical illness scoring systems (PRISM III,
P-MODS, and PCIS) for mortality assessment in paediatric
patients diagnosed with septic AKI. Our results showed
that PRISM III had the best assessment performance in
paediatric patients with not staged, stage 2, and stage 3
AKI, whereas PCIS performed better in predicting
mortality risk in paediatric patients with stage 1 AKI.
However, our study is limited by the small sample size and
single centre. Moreover, the urinary assessment was not
accurate because the urine output may not be measured
precisely in infant which have the risk of mixing the urine
with stool. In addition, baseline creatinine value can be a
bias as patient may already develop AKI on PICU
admission. In next study, we will increase the sample size
and collect data from a multi-centre. Furthermore, we will
find a better way to measure the urine output. And we will
try our best to get the baseline creatinine value from the
healthy period of the patient.
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