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ABSTRACT

Background. Sepsis causes significant morbidity and mortality in children worldwide, despite the development
of standardized treatment guidelines, vaccination programs, and advanced techniques for organ support in
intensive care. Early mortality prediction is crucial for optimizing care, targeting interventions according to
risk, and ultimately reducing mortality. Several scoring systems are used to predict outcomes and mortality for
pediatric patients with sepsis, but how they compare in terms of sensitivity and specificity is unclear. This study
compares the Phoenix, Pediatric Sequential Organ Failure Assessment (pSOFA), and Pediatric Logistic Organ
Dysfunction (PELOD)-2 scores in predicting mortality in children with clinical sepsis.

Method. This retrospective cohort study was conducted at Dr. Cipto Mangunkusumo General Hospital,
Jakarta, from January to April 2018. The primary outcome was early pediatric intensive care unit mortality
(within 7 days). All data were analyzed using STATA 17 and MedCal12. The area under the receiver operatinc
characteristics (AUROC) curves of the Phoenix, pSOFA, and PELOD-2 scores were compared using DeLong’s
test.

Results. A total of 69 patients were clinically diagnosed with sepsis and 26.1% died. ROC curve analysis showed
that the AUROCs of pSOFA, Phoenix, and PELOD-2 for predicting mortality were 0.745, 0.741, and 0.682,
respectively. At their respective cutoffs, the pSOFA, Phoenix, and PELOD-2 scores had sensitivities for mortality
prediction of 72.2%, 83.3%, and 72.2%, respectively, and specificities of 64.7%, 62.75%, and 54.90%.

Conclusions. The pSOFA and Phoenix scores demonstrated better performance in predicting mortality in
children with clinical sepsis than the PELOD-2 score. When selecting an appropriate scoring system, factors
such as simplicity and local conditions must be considered to ensure optimal performance.

Key words: Phoenix, Pediatric Logistic Organ Dysfunction-2, Pediatric Sequential Organ Failure Assessment,
sepsis.

Sepsis is a major contributor to morbidity
and mortality in children.'? Despite advances
in pathophysiological understanding,
hemodynamic monitoring, and resuscitation
strategies, the incidence and mortality of
pediatric sepsis remains high, and may even

have increased in recent years.”® Based on the
2017 Global Burden of Disease Group data,
sepsis incidence shows a biphasic pattern
with peak incidences in children and the
elderly.* Approximately 25.2 million cases of
sepsis occur in children each year, with 84.5%
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occurring in children younger than 5 years and
approximately 3 million deaths.*® A global case
fatality rate (CFR) of sepsis and septic shock
in children was estimated in a 2019 systematic
review and meta-analysis to be 24.7%, with
CER rates in developing countries higher than
in developed countries (31.7% vs. 19.3%).°

The current definition of sepsis still refers
to the sepsis-3 definition of life-threatening
organ dysfunction caused by a dysregulated
host immune response to infection. These
criteria were developed from adult population
data, and life-threatening organ dysfunction
was assessed using the Sequential Organ
Failure Assessment (SOFA) score.”® However,
direct application to children is considered
inappropriate due to differences in vital sign
variability, immune function development and
comorbid disease profiles, epidemiology and
outcomes. Therefore, the Sepsis-3 definition
cannot be adopted directly in children.
Nevertheless, the Sepsis-3 definition formed the
basis for the development of revised criteria for
pediatric sepsis.®

Early and accurate recognition of pediatric
sepsis is crucial for reducing mortality.
Effective identification of sepsis in the pediatric
population requires accurate criteria for the
assessment of disease progression. Therefore,
many scoring systems have been developed
over time.? Various scoring systems have been
proposed to diagnose and stage pediatric
sepsis after the release of the sepsis-3 definition
such as the pediatric Sequential Organ Failure
Assessment (pSOFA) score, the Pediatric Logistic
Organ Dysfunction (PELOD / PELOD-2) score
and the pediatric multiple organ dysfunction
(pPMODS) score.”!* In Indonesia, the diagnosis
of pediatric sepsis uses the PELOD-2 score
to assess life-threatening organ dysfunction.
This is outlined in the National Guidelines for
Medical Services for the management of sepsis
in children, which was published in 2021." In
2024, a decade after the release of the sepsis-3
definition, international criteria for pediatric
sepsis were released based on international
surveys, systematic reviews, analysis of 3
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million children, and a modified Delphi
consensus process, with organ dysfunction
assessed using the Phoenix score. These sepsis
criteria were developed from data on children
in high- and middle-income countries.®

Scoring systems standardize the assessment of
disease severity, risk of morbidity and mortality,
and patients’ clinical status.'? Scoring systems
are generally categorized into two groups:
prognostic scores estimate the risk of death,
and descriptive or outcome scores provide
information on disease progression.?’? In the
context of prognostic scores, the following have
been included: the prognostic stability index
(PSI), the pediatric risk of mortality (PRISM),
and the pediatric index of mortality (PIM).
Meanwhile, the following descriptive scores
have been included: the PELOD, the pMODS,
and the pSOFA scores.? Since the Phoenix score
was introduced in 2024, it has been studied
only to a limited extent, and challenges remain
in its application and effectiveness." This study
aims to compare the performance of PELOD-2,
pSOFA, and Phoenix scores in predicting
mortality in children with clinical sepsis.

Methods

We conducted a secondary analysis of data
from children with clinical sepsis admitted to
Dr. Cipto Mangunkusumo Hospital, Jakarta,
from January to April 2018. The subjects
were patients aged 1 month to 18 years with
a diagnosis of clinical sepsis. Clinical sepsis
was established based on suspected infection
and clinical evidence of organ dysfunction.
Suspicion of infection was established based
on evidence of infection (signs, symptoms, and
physical examination findings consistent with a
focus of infection) and signs of an inflammatory
response, according to the criteria of the 2005
International = Pediatric Sepsis Consensus
Conference. Organ dysfunction was suspected
when at least one of the following was present:
decreased consciousness (Glasgow Coma
Scale (GCS) <11), cardiovascular dysfunction,
or respiratory dysfunction. Patients with
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autoimmune disease, malignancy, trauma
or postoperative conditions were excluded.
Secondary data from the subjects were used
to calculate the PELOD-2, pSOFA and Phoenix
scores. All subjects were then followed during
management while monitoring the primary
outcome of early death within 7 days of
treatment. The management of sepsis during the
study followed the Surviving Sepsis Campaign
2012 guidelines. Ethical approval was obtained
from Faculty of Medicine Universitas Indonesia
Institutional Review Board (approval number
0046/UN.F1/ETIK/2018). No additional ethical
approval was required for this secondary
analysis, and all procedures were performed
in accordance with institutional and federal
ethical standards for human experimentation
and the 1975 Declaration of Helsinki.

Statistical analysis was performed using STATA
version 17. The Kolmogorov—-Smirnov test
was used to assess the normality of the data.
Normally distributed continuous variables were
presented as means + standard deviations and
compared using the independent samples t-test,
while non-normally distributed variables were
presented as medians (ranges) and compared
using the Mann-Whitney U test. Categorical
variables were expressed as frequencies and
percentages and compared using the chi-square
test or Fisher’s exact test, as appropriate.

Receiver operating characteristic (ROC) curves
were constructed to evaluate the predictive
performance of each score. The area under the
receiver operating characteristics (AUROC)
curves, sensitivity,  specificity, = positive
predictive value (PPV), and negative predictive
value (NPV) were calculated to assess
diagnostic performance. Comparisons between
AUROCs were performed using the DeLong
test. The optimal cutoff value for each score was
determined using the Youden index.

Post-hoc power analyses were performed to
assess the statistical power for the observed
differences in AUROCs and correlations. A
p-value < 0.05 was considered statistically
significant.
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Results

A total of 69 pediatric patients with clinical
sepsis were included in this study, with a
mortality rate of 26.1%. The majority of the
subjects were male (60.9%) and 68.1% of the
patients received mechanical ventilation. The
complete characteristics of the study subjects
are presented in Table L.

Fig. 1 shows the ROC curves of the three scoring
systemsused (pSOFA, Phoenix, and PELOD-2) to
predict mortality in children with clinical sepsis.
The analysis revealed that the pSOFA score had
the highest AUROC value of 0.745, followed
by Phoenix (0.741) and PELOD-2 (0.682). This
indicates that all three scores showed moderate
to good predictive performance. The Phoenix
and pSOFA scores demonstrated comparable
predictive performance in assessing mortality
among children with clinical sepsis (p=0.732).
Both scores significantly outperformed the
PELOD-2 score in predicting patient mortality
(p<0.05).

Table II shows the predictive performance of
each score. The Phoenix score, with an optimal
cut-off value of 3.5 determined using Youden’s
index, demonstrated the highest specificity
(70.59%) and the highest PPV (44.44%) among
the three scores. In contrast, while the pSOFA
and PELOD-2 scores demonstrated the same
highest sensitivity of 72.2%, the pSOFA score
alone achieved the highest overall accuracy of
66.67%. These findings indicate that the cut-offs
selected using Youden’s index provide a balance
between sensitivity for predicting mortality in
children with clinical sepsis.

The comparative predictive performance of the
scores for pediatric clinical sepsis mortality was
evaluated using the AUC and compared using
the DeLong test. The results are presented in
Table III

The distribution of mortality among children
with clinical sepsis according to pPSOFA, Phoenix
and PELOD-2 scores can be seen in Fig. 2.
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Table I. Characteristics of the study population.

Parameters Total (n=69) Survived (n=51) Died (n=18) P
Age; median (range), month 14 (1-212) 12 (1-211) 37.5 (3-212) 0.226
Male sex; n (%) 42 (60.9) 32 (62.7) 10 (55.6) 0.395
Focus of infection 0.083
Respiratory, n (%) 56 (81.1) 42 (82.4) 14 (77.8)
Gastrointestinal, n (%) 7 (10.1) 4(7.8) 3(16.7)
Central nervous system, n (%) 5(7.2) 5(9.8) 0 (0)
Others, n (%) 1(1.5) 0 (0) 1(5.6)
Leukocytes; median (range), /mm? 15,000 14,800 15,015 0.512
(1,120-72,490) (1,120 - 432,000) (8,420 —72,490)
Platelets; median (range), /mm?® 228,000 242,000 164,500 0.237
(4,380-431,000) (4,380-674,000)  (22,500-432,000)
Creatinine; median (range), mg/dL 0.57 (0.12-18.64) 0.50 (0.12-18.64) 0.80 (0.20-3.07) 0.107
Lactate; median (range), mmol/L 2.0(0.3-9.3) 1.70 (0.30-9.30)  2.75(1.00-9.30) 0.027
Procalcitonin (n=46); median (range), ng/mL 5.77 (0.02-368)  4.70 (0.02 - 316.80) 9.68 (0.21 -368) 0.486
Total bilirubin; median (range), mg/dL 0.7(0.07-42.05)  0.65 (0.07 —35.96) 1.62(0.35-42.04) 0.016
Mechanical ventilation, n (%) 47 (68.1) 32 (62.7) 15 (83.3) 0.145
Mortality, n (%) 18 (26.1)
Phoenix score; median (range) 2.0 (0-8) 2.0 (0-8) 4.0 (1.0-7.0) 0.001
PELOD-2 score; median (range) or mean + SD 5.76 (0-14) 5.18 +3.22 7.44+3.70 0.016
p-SOFA score; median (range) or mean + SD 9 (3-17) 8.37 +2.87 11.39 +3.40 0.001

Non-normally distributed data are presented as a median with a range, normally distributed data as mean + SD, and
categorical data as n (%).

PELOD-2, Pediatric Logistic Organ Dysfunction-2; pSOFA, pediatric Sequential Organ failure Assessment; SD, standard
deviation.

Table II. Predictive performance of the pSOFA, Phoenix, and PELOD-2 scores for mortality in children with
clinical sepsis.

pSOFA score Phoenix score PELOD-2 score
AUROC 0.745 0.741 0.682
Cut-off 9.5 3.5 6
Sensitivity 72.2% 66.67% 72.2%
Specificity 64.7% 70.59% 54.90%
PPV 41.94% 44.44% 36.11%
NPV 86.84% 85.71% 84.85%
PLR 2.05 227 1.60
NLR 0.43 0.47 0.51
Accuracy 66.67% 65.57% 59.42%
95% CI 0.614 to 0.875 0.608 to 0.863 0.539 to 0.826

AUROC, area under the receiver operating characteristic curve; CI, confidence interval; NPV, negative predictive value;
NLR, negative likelihood ratio; PELOD-2, Pediatric Logistic Organ Dysfunction-2; PLR, positive likelihood ratio; PPV,
positive predictive value; pSOFA, pediatric Sequential Organ Failure Assessment.
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Table III. Comparative predictive performance scores for pediatric clinical sepsis mortality.

Comparison AUROC1  AUROC2  AAUROC n Data P-value
Phoenix vs pSOFA 0.741 0.745 0.004 69 same 0.732
Phoenix vs PELOD-2 0.741 0.682 0.059 69 same 0.021
pSOFA vs PELOD-2 0.745 0.682 0.063 69 same 0.018

AUROC, area under the receiver operating characteristic curve; PELOD-2, Pediatric Logistic Organ Dysfunction-2; pSOFA,

pediatric Sequential Organ failure Assessment
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Fig. 1. ROC Curve, cutoff, sensitivity, and specificity
of pSOFA, Phoenix, and PELOD-2 scores in predicting

mortality in children with clinical sepsis.

PELOD-2, Pediatric Logistic Organ Dysfunction-2; pSOFA,
pediatric Sequential Organ failure Assessment; ROC,
receiver operating characteristics.

Discussion

Sepsis is the most common presentation in the
pediatric intensive care unit (PICU) and the
leading cause of morbidity and mortality."
Consequently, it is important for clinicians to
accurately predict patient risk within a few
days of treatment. The use of a scoring system
in the PICU can facilitate decision-making and
appropriate management.'*!> Scoring systems
are also useful in predicting outcomes and
and aiding immediate intervention." The ideal
prognostic scoring system should be accurate,
simple, easy to use, minimally invasive and
inexpensive.'® Various organ dysfunction scores
have been developed and validated such as the
PELOD-2 score, pSOFA score and more recently,
the Phoenix score. This study compared the
performance of these three scoring systems in
predicting mortality in children with clinical
sepsis.
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Fig. 2. Distribution of mortality in clinical sepsis
children based on: a. pSOFA score; b. Phoenix score,
and c. PELOD-2 score.

PELOD-2, Pediatric Logistic Organ Dysfunction-2; pSOFA,
pediatric Sequential Organ failure Assessment.
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The PELOD-2 score, an update of the original
PELOD score, was developed in 2013. This
score evaluates 10 variables across 5 organ
systems (neurological, cardiovascular, renal,
respiratory, and hematologic systems)."” The
PELOD-2 score on the first day was reported
as a predictor of mortality in pediatric sepsis
patients admitted to PICUs in developing
countries'® and tertiary hospitals in rural areas.”
A descriptive analytical study conducted from
January 2018 to December 2019 in the PICU
of Cipto-Mangunkusumo Hospital Jakarta
showed that the PELOD-2 score had an AUROC
value of 0.842 (95% confidence interval [CI]:
0.843-0.845) in predicting mortality in children
with sepsis. This study found an optimal cut-
off value of 6.5, with a sensitivity of 77.1% and
a specificity of 75%.% The cut-off value in that
study was close to that found in the present
study, namely 6.

The pSOFA score was developed in 2017
from the adult SOFA score. Two approaches
were used to make modifications. First, age-
adjusted renal and cardiovascular variables
were validated using the cut-off values of
the PELOD-2 score. Second, the respiratory
variable score was expanded by measuring the
ratio of SpO2 to FiO2 as an alternative marker of
lung injury.?'? The pSOFA score was reported
to have excellent performance in predicting
mortality in pediatric patients with suspected
or confirmed infection with an AUROC of 0.94
(95% CI: 0.92-0.95),2 assessing the prognosis
of pediatric patients with sepsis in PICUs of
developing countries (AUROC 0.937; 95%
CI: 0.913-0.957),"® and in predicting mortality
among critically ill pediatric patients admitted
to the PICU (AUROC 0.86; 95% CI: 0.79-0.93),”
although the optimal cut-off values differed
across studies. Another study reported that the
PSOFA score can predict 28-day mortality in
pediatric sepsis patients with an AUC of 0.88,
but was less effective in predicting length of
stay in the PICU." The optimal cut-off point
value of the pSOFA score in this study was quite
high, at 9.5, which differed from those reported
in previous studies.
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The Phoenix score was developed in 2024
from an analysis of 218,839 suspected
episodes of infection and has been validated
internationally.” This score assesses only four
organ systems: the respiratory, cardiovascular,
neurological, and coagulation systems.®* A
large-scale study of 10 hospitals from 5 countries
(USA, Bangladesh, Colombia, China, and
Kenya) definitively reported that the Phoenix
score had area under the precision-recall curve
(AUPRC) values of 0.23-0.38 (95% CI: 0.20-0.39)
and AUROC values of 0.71-0.92 (95% CI: 0.70-
0.92) in predicting mortality in both internal
and external validation settings. The Phoenix
score was also directly linked to the number of
deaths.” Another study in a tertiary hospital in
Vietnam reported that the Phoenix score had
good prognostic performance in predicting
mortality (AUROC 0.885). The optimal cut-off
value in that study was 5.5 with 60% sensitivity,
100% specificity and 100% PPV. The Phoenix
score was reported to identify high-risk patients
early, thereby facilitating timely intervention
and improving outcomes.” The optimal cut-off
value differed from that found in the present
study which was 3.5.

The implementation of a scoring system in
Indonesia must consider the availability of
laboratory parameters, the training of medical
staff, and the ability to integrate the scores into
daily clinical workflows. Of the three scoring
systems compared, the Phoenix score is the
simplest. The pSOFA score evaluates six organ
systems, and the PELOD-2 score evaluates five.
Although the pSOFA score was superior to the
other two scores, the Phoenix score requires
fewer laboratory tests than the other two
scoring systems. This makes it more practical to
implement in healthcare facilities with limited
resources.

This study found that the pSOFA and Phoenix
scores were superior predictors of mortality in
children with clinical sepsis than the PELOD-2
score. Based on a large-scale database, the
AUPRC value of the Phoenix score was reported
to be higher than that of PELOD2 score 0.11-
0.35 (95% CI: 0.10-0.35) and pSOFA 0.14-0.33
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(95% CI: 0.13-0.34). The AUROCs of pSOFA,
Phoenix, and PELOD-2 scores ranged from 0.70-
0.93, indicating that all three scores can predict
mortality in pediatric patients with suspected
or confirmed infection. Another study in
Korea reported that the Phoenix, Phoenix-8,
and pSOFA scores had similar performance in
predicting mortality among patients with sepsis
and septic shock admitted to the PICU, with an
AUC range of 0.85 to 0.88. The superiority
of the pSOFA score over the PELOD-2 score
has been widely reported. Retrospective
observational cohort studies conducted at Dr.
Sutomo Hospital from January to December
2018 * and at RSUD Dr. Moewarli Surakarta
from September to March 2019 ¥ demonstrated
that the pSOFA score performed better than
the PELOD-2 score in predicting mortality in
pediatric sepsis patients.

A prospective observational study in India
conducted from November 2020 to November
2022 definitively reported that PRISM 4, PIM
3, PELOD-2, and pSOFA scores on the first
day of care were positively correlated with
mortality among critically ill pediatric patients
in the PICU. This indicates that the ability of
these scoring systems to differentiate between
survivors and non-survivors. The pSOFA score
was reported to be better at predicting mortality
than the PELOD-2 score.”® Another retrospective
observational study in China from December
2014 to December 2019 demonstrated the
superiority of pSOFA in predicting mortality
in pediatric sepsis patients over PRISM III,
PELOD-2, and pMODS scores (AUROC 0.847
vs. 0.799 vs. 0.780 vs. 0.715). The optimal cut-off
point value of pSOFA for predicting mortality
was 7, with a sensitivity of 88.07% and a
specificity of 64.71%.%

Sandinirwan et al. reported in 2025 that the
PELOD-2 score outperformed the Phoenix
score in predicting mortality among pediatric
patients with septic shock (AUROC 0.73 vs.
0.59). The optimal cut-off value was 4, which is
close to the cut-off value in our study, with a
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sensitivity of 62% and a specificity of 62%. The
study had a very small sample size of only 16
patients with severe disease, and the mortality
rate was 50%.%

The differences in the optimal cut-off values of
each scoring system across studies may be due
to differences in sample heterogeneity, disease
severity at time of assessment, the number
of samples, and the underlying conditions
of the included patients. The limitations of
this study are that (1) it was a retrospective
observational study, therefore the available
data were insufficient to fully evaluate the
coagulation system in the Phoenix score; and
(2) the study relied on secondary data and had
a relatively small sample size for comparing
the scores. A post-hoc power analysis of the
AUC differences yielded an estimated power
of approximately 5% for the Phoenix vs. pPSOFA
comparison (AAUROC = 0.004), and 70-80%
for both the Phoenix vs. PELOD-2 (AAUROC
= 0.059) and pSOFA vs. PELOD-2 (AAUROC =
0.063) comparisons. These results indicate that,
although the study was underpowered to detect
very small differences, the sample size was
sufficient to detect moderate differences in the
predictive performance of the scores. Therefore,
prospective studies with larger sample sizes
are warranted to further compare predictive
performance and provide more detailed
insights. In conclusion, the pSOFA and Phoenix
scores showed better performance in predicting
mortality in children with clinical sepsis than the
PELOD-2 score. Both scores are suitable for use
in clinical practice, taking into account factors
sus as simplicity, effectiveness, and alignment
with local resources. Specifically, the Phoenix
and pSOFA scores may be implemented in
clinical settings in Indonesia.
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