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KEYWORDS Abstract

PELOD-2 score; Objectives: This study aimed to evaluate the predictive validity of the day-1 PELOD-2 and
“*Quick’’ PELOD-2 day-1 “‘quick’’ PELOD-2 (qPELOD-2) scores for in-hospital mortality in children with sepsis in a
score; pediatric intensive care unit (PICU) of a developing country.

Sepsis; Methods: The data of 516 children diagnosed as sepsis were retrospectively analyzed. The chil-
Prognosis; dren were divided into survival group and non-survival group, according to the clinical outcome
Children 28 days after admission. Day-1 PELOD-2, day-1 qPELOD-2, pediatric SOFA (pSOFA), and P-MODS
were collected and scored. Receiver operating characteristic (ROC) curves were plotted, and
the efficiency of the day-1 PELOD-2, day-1 qPELOD-2 score, pSOFA, and P-MODS for predicting
death were evaluated by the area under the ROC curve (AUC).
Results: The day-1 PELOD-2 score, day-1 qPELOD-2 score, pSOFA, and P-MODS in the non-
survivor group were significantly higher than those in the survivor group. ROC curve analysis
showed that the AUCs of the day-1 PELOD-2 score, day-1 qPELOD-2 score, pSOFA, and P-MODS
for predicting the prognosis of children with sepsis in the PICU were 0.916, 0.802, 0.937, and
0.761, respectively (all p<0.05).
Conclusions: Both the day-1 PELOD-2 score and day-1 qPELOD-2 score were effective and able
to assess the prognosis of children with sepsis in a PICU of a developing country. Additionally,
the day-1 PELOD-2 score was superior to the day-1 qPELOD-2 score. Further studies are needed
to verify the usefulness of the day-1 qPELOD-2 score, particularly outside of the PICU.
© 2019 Sociedade Brasileira de Pediatria. Published by Elsevier Editora Ltda. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/
4.0/).
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PALAVRAS-CHAVE

Escore PELOD-2;
Escore ‘‘quick’’

Desempenhos dos escores PELOD-2 no dia 1 e ‘‘quick’’ PELOD-2 no dia 1 em criancas
com sepse na UTIP

Objetivos: A finalidade de nosso estudo foi avaliar a validade preditiva dos escores PELOD-2 no
dia 1 e ‘*quick’’ PELOD-2 no dia 1 com relagao a mortalidade hospitalar em criangcas com sepse

Métodos: Foram analisados retrospectivamente os dados de 516 criancas diagnosticadas com
sepse. As criancas foram divididas em grupo sobrevida e grupo nao sobrevida de acordo com o
desfecho clinico de 28 dias apds internacdo. Foram coletadas e pontuadas as variaveis PELOD-2
no dia 1, qPELOD-2 no dia 1, pediatric Sequential Organ Failure Assessment (pSOFA) e Pediatric
Multiple Organ Dysfunction Score (P-MODS). A curva da caracteristica de operacao do receptor
(ROC) foi plotada e a eficiéncia preditiva do PELOD-2 no dia 1, o escore qPELOD-2 no dia 1,
pSOFA, P-MODS com relacao a 6bito foram avaliados pela area abaixo da curva (AUC) da curva

Resultados: O escore PELOD-2 no dia 1, escore qPELOD-2 no dia 1, pSOFA e P-MODS no grupo nao
sobrevida foram significativamente maiores do que os no grupo sobrevida. A analise preditiva
da curva ROC mostrou que as AUCs do escore PELOD-2 no dia 1, escore qPELOD-2 no dia 1,
pSOFA e P-MODS com relacado ao prognéstico de criancas com sepse na UTIP foi 0,916, 0,802,
0,937 e 0,761, respectivamente (todas p <0,05).

Conclusdes: Tanto o escore PELOD-2 no dia 1 e o escore qPELOD-2 no dia 1 foram validos e
conseguiram avaliar o prognéstico de criancas com sepse em uma UTIP de um pais em desen-
volvimento. Além disso, o escore PELOD-2 no dia 1 foi superior ao escore qPELOD-2 no dia
1. Sao necessarios estudos adicionais para verificar a utilidade do escore gPELOD-2 no dia 1,

© 2019 Sociedade Brasileira de Pediatria. Publicado por Elsevier Editora Ltda. Este & um artigo
Open Access sob uma licenca CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.

PELOD-2; Resumo

Sepse;

Prognostico;

Criancas em uma UTIP de um pais em desenvolvimento.
ROC.
principalmente fora da UTIP.
0/).

Introduction

Sepsis is a leading cause of death in adults' and children.?™>
In the recent Third International Consensus statement,®
the Sepsis Definitions Task Force defined sepsis as a
life-threatening organ dysfunction that occurs due to a
deregulated host response to infection, and this defini-
tion has aroused heated discussions in the critical medicine
field.” The Sepsis-3 task force has put forth the use of the
Sequential Organ Failure Assessment (SOFA) score to grade
organ dysfunction in adult patients with suspected infec-
tion. Furthermore, the Sepsis-3 task force has acknowledged
that the new criteria are not designed for children and that
future studies should consider age-specific physiology and
risk stratification.

Leclerc et al.® performed a secondary analysis of the
database used for the development and validation of the
Pediatric Logistic Organ Dysfunction Score-2 (PELOD-2).°
The authors concluded that the PELOD-2 score on day 1
was highly predictive of in-hospital mortality among children
admitted to the pediatric intensive care unit (PICU) with
suspected infection, which suggested its promising use to
standardize definitions and diagnostic criteria for pediatric
sepsis. Moreover, the authors investigated the predictive
performance of a quick Pediatric Logistic Organ Dysfunc-
tion Score-2 (qPELOD-2) score (Glasgow coma scale <11,
tachycardia, and systemic hypotension; Table S1) that was
inspired by the quick Sequential Organ Failure Assessment
(qSOFA) score (altered mentation, tachypnea, and hypoten-

sion). The predictive performance of the qPELOD-2 score
compared favorably with studies that validated the qSOFA
score in adults (area under the curve [AUC]: 0.82; 95%
Cl: 0.76-0.87)."° The purpose of the present study was to
evaluate the predictive validity of day-1 PELOD-2, day-1
gPELOD-2 for in-hospital mortality in children with sepsis
in a PICU of a developing country.

Methods

A cross-sectional study was conducted in the Pediatric Inten-
sive Care Unit of the first Affiliated Hospital of Guangdong
Medical University in Zhanjiang City, Guangdong Province,
China from June 1, 2016 to June 1, 2018. Several data
were collected retrospectively for the day-1 PELOD-2 score,
day-1 qPELOD-2 score, pediatric Sequential Organ Failure
Assessment (pSOFA), and Pediatric Multiple Organ Dysfunc-
tion Score (P-MODS) calculation. If a variable was measured
more than once in the first day, the worst value of the
variable was used to calculate the day-1 PELOD-2, day-1
qPELOD-2, pSOFA, and P-MODS. Sex, age, site of infection,
length of PICU stay, total hospitalization time, need for
mechanical ventilation, duration of ventilatory support, and
need for vasoactive drugs were recorded on a data collection
form designed for the study.

The inclusion criteria were as follows: (1) meeting the
diagnostic criteria of the 2005 International Pediatric Sepsis
Conference'" (2) length of PICU stay >24h; (3) patient’s age
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1,258 pediatric patients admitted to the PICU from june 1, 2016 to june 1, 2018

conference issued in 2005

631 met the diagnostic criteria of the international pediatric sepsis

—

19 were excluded due to lenghts of PICU stay < 24h or death within the first 24h of
admission.

EEm— | 30 were excluded due to incomplete data. |

—— | 40 were excluded due to ages below 1 month old or higher than 14 years old. I

—» | 26 were excluded due to transfers to other hospitals.

516 children with sepsis were included in this study

v

262 met the criteria for
severe sepsis

238 met the criteria
for sepsis

16 met the criteria for
the septic shock

Fig. 1

was between 1 month and 14 years; and (4) complete clinical
data available. The exclusion criteria were as follows: (1)
length of PICU stay <24 h or death within the first 24h of
admission; (2) patients younger than 1 month old or older
than 14 years old; (3) transfer to another hospital; or (4)
incomplete clinical data (Fig. 1).

This study met the standards of medical ethics and was
approved by the Ethics Committee of the first Affiliated Hos-
pital of Guangdong Medical University (2018-027). The need
for an informed consent was waived due to the observational
nature of the study.

Statistical analysis

Statistical analysis was performed using SPSS 21.0 and Med-
Calc 15.2.2. The results were expressed as median and
interquartile ranges (IQRs) for continuous variables and as
frequencies and percentages for categorical variables. The
Kolmogorov-Smirnov test was used to test the normality
of the qualitative data. T-tests were used for quantitative
data with normal distribution. The Mann-Whitney U-test
was used for quantitative data that did not present a nor-
mal distribution. Categorical variables were compared using
the x? test. A two-sided p <0.05 was considered statistically
significant.

The performance of the scores to discriminate in-hospital
mortality was evaluated using the AUC. Comparisons
between scores were performed using the Delong'
methoday-1 to compare AUCs and the Integrated Discrimina-
tion Improvement Index'® to evaluate the reclassification of

Schematic depicting patient screening and enrollment.

predicted probabilities between survivors and non-survivors.
The Youden J statistic'* was used to evaluate the optimal
cutoff values of the PELOD-2 and qPELOD-2 scores to dis-
criminate in-hospital mortality.

Sample size estimation

The main evaluation index of this study was the AUC of
the ROC curve. We aimed to evaluate the performance
of the day-1 PELOD-2 and day-1 qPELOD-2 scores to dis-
criminate in-hospital mortality. A related research showed
that the AUCs of day-1 PELOD-2 and day-1 qPELOD-2 scores
were 0.91 and 0.82, respectively.® The ratio between sur-
vivors and non-survivors was 37."° The significance level
was 0.05, the efficacy was 0.8, and the allocation ratio
between samples was 50. As the study was a retrospec-
tive observational study, the abscission rate was 0%. The
sample size was estimated by the software PASS 11.0, and
a total of 306 children with sepsis were needed. Finally,
516 children with sepsis in the PICU were included in the
study.

Results

A total of 516 patients met the inclusion criteria. Among
them, 238 (46.1%) met the criteria for sepsis, 262 (50.8%)
met the criteria for severe sepsis, and 16 (3.1%) met the
criteria for septic shock. Of the 488 survivors of hospital
encounters, 311 (63.7%) were male, and the median (IQR)
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Table 1 Demographic and clinical characteristics of survivors and non-survivors.

Characteristic Survivors (n =488) Non-survivors (n =28) p-value

Male, No. (%) 311 (63.7) 16 (57.1) 0.482

Age, median (IQR), Months 8 (2-36) 12 (3-36) 0.479
Site of infection, No. (%)

Respiratory system 280 (57.4) 11 (39.3)

Nervous system 72 (14.8) 6 (21.4)

Digestive system 43 (8.8) 2 (7.1)

Blood 6 (1.2) 0

Urinary tract 13 (2.6) 0

Other 74 (15.2) 9 (32.1)

Sepsis classification <0.001

Sepsis, No. (%) 238 (49) 0 (0)

Severe sepsis, No. (%) 242 (50) 20 (71)

Septic shock No. (%) 8 (1) 8 (29)

Required mechanical 69 (14.1) 22 (78.6) <0.001
Ventilation, No. (%)

Required vasoactive 8 (1.6) 6 (21.4) <0.001
Infusion on day 1, No. (%)
Auxiliary examination

Glasgow scale [score, median (IQR)] 13 (11-13) 7 (4-9) <0.001

PaO, [mmHg, median (IQR)] 97 (80-115) 104 (62-136) 0.887

PaCO; [mmHg, median (IQR)] 30.7 (25.6-35.0) 27.2 (22.6-38.58) 0.536

Lactic acid concentration [umol/L, 1.2 (0.8-2.0) 2.9 (1.1-10.3) <0.001
median (IQR)]

Creatinine values [umol/L, median 22.6 (17.0-31.0) 30.0 (16.5-55.3) 0.051
(1QR)]

Blood urea nitrogen [mmol/L, median 3.2 (2.4-4.3) 4.4 (2.8-6.7) 0.006
(IQR)]

Total bilirubin concentration 6.4 (4.6-10.3) 8.7 (5.9, 19) 0.04
[umol/L, median (IQR)]

Fibrinogen concentration [g/L, 2.7 (2.0-3.5) 1.8 (1.2-3.0) 0.001
median (IQR)]

White blood cell values [*109/L, 13.4 (9.0, 19.0) 15.4 (9.5, 20.6) 0.407
median (IQR)]

Platelet values [*109/L, median 323 (240, 427) 292 (211, 388) 0.132
(1QR)]

Scores on day 1 [score, median (IQR)]

PELOD-2 0 (0-2) 6.5 (4-8) <0.001

gqPELOD-2 0 (0-1) 1(1-2) <0.001

pSOFA 3 (2-4) 7.5 (6-11) <0.001

P-MODS 1(1-2) 3 (2-6) <0.001

Outcomes, median (IQR) 0 (0-0)251 (51.4)1 (1-8) 2 (1-5)16 (57.1)3 (2-6) <0.0010.6980.686
Duration of

ventilatory support, d

PICU LOS > 72 h (%)

PICU LOS, days
Hospital LOS, days

9 (6-15)

3 (2-6)

<0.001

PICU, pediatric intensive care unit; IQR, interquartile range; LOS, length of stay; PELOD-2, Pediatric Logistic Organ Dysfunction Score-2;
gPELOD-2, quick Pediatric Logistic Organ Dysfunction Score-2; pSOFA, pediatric Sequential Organ Failure Assessment; P-MODS, Pediatric

Multiple Organ Dysfunction Score.

age was 8 (2-36) months. Among the 28 non-survivors, 16
(57.1%) were male, with a median (IQR) age of 12 (3-36)
months. There were no significant differences in sex, age,
site of infection, or length of PICU stay between the two
groups (all p>0.05). The demographic and clinical char-
acteristics of the survivors and non-survivors are shown in
Table 1.

The day-1 PELOD-2 score, day-1 qPELOD-2 score, pSOFA,
and P-MODS in the non-survivor group were significantly
higher than those in the survivor group (day-1 PELOD-2
score: 6.5 [4-8] vs. 0 [0-2], day-1 qPELOD-2 score: 1 [1-2]
vs. 0 [0-1]; pSOFA score: 7.5 [6-11] vs. 3 [2-4]; P-MODS: 3
[2-6] vs. 1 [1-2]; all p<0.05; Table 1). ROC curve analysis
showed that the AUCs of the day-1 PELOD-2 score, day-
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Fig. 2 Receiver operating characteristic curves of PELOD-2,

gPELOD-2, pSOFA, and P-MODS for predicting in-hospital mor-
tality.

1 qPELOD-2 score, pSOFA and P-MODS for predicting the
prognosis of children with sepsis in the PICU were 0.916
(0.888-0.938), 0.802 (0.765-0.836), 0.937 (0.913-0.957),
and 0.761 (0.722-0.798), respectively (all p<0.05; Table 2;
Fig. 2). This indicates that the day-1 PELOD-2 score shows
excellent discrimination for in-hospital mortality. The opti-
mal PELOD-2 cutoff to discriminate mortality was a score
higher than 2 points. There was no significant difference
in the AUC between the day-1 PELOD-2 score and pSOFA
(P>0.05). However, a significant difference was observed
in the AUC of the day-1 PELOD-2 score and that of the day-1
gPELOD-2 and P-MODS (both p <0.05).

Discussion

The 2005 Consensus definition for pediatric sepsis main-
tained the requirement for SIRS and provided further
explanation on organ failure definitions."" The validity of
SIRS criteria to identify and evaluate severity of patients
diagnosed with sepsis has been challenged in adults due
to the lack of sensitivity (SE) and specificity (SP).'%'¢ The
Sepsis-3 criteria is based on the SOFA score.'” However, the
SOFA score is not adapted for children. Therefore, the cur-

rent pediatric sepsis definitions remain essentially based
on Sepsis-2, which is not adequate for clinical research.'®
The PELOD-2 score was used to grade organ dysfunction in
pediatric patients with suspected infection. Multiple studies
have shown that the PELOD-2 score has excellent discrim-
ination for in-hospital mortality.'*-?> The present research
demonstrated that day-1 PELOD-2 score shows excellent
discrimination for in-hospital mortality in a PICU of a
developing country, which suggested its promising use to
standardize definitions and diagnostic criteria for pediatric
sepsis. Furthermore, the day-1 qPELOD-2 score has good pre-
dictive validity for in-hospital mortality (AUC: 0.802; 95% Cl:
0.765-0.836). In conclusion, the present study indicates that
both day-1 PELOD-2 and day-1 qPELOD-2 have good predic-
tive validity for in-hospital mortality in children with sepsis
in a PICU of a developing country, which has been seldomly
reported.

The SOFA score was developed to evaluate the condition
and prognosis of a patient’s illness based on the degree of
organ dysfunction. Additionally, the usefulness of the SOFA
score has been previously validated in large cohorts of crit-
ically ill patients'®?>24 Matics and Sanchez-Pinto published
a pediatric version of the SOFA score (pSOFA), which was
developed by adapting the original SOFA score with age-
adjusted cutoffs for the cardiovascular and renal systems
and by expanding the respiratory criteria to include nonin-
vasive surrogates of lung injury.’ Those authors concluded
that the maximum pSOFA score had excellent predic-
tive validity for in-hospital mortality (AUC: 0.94; 95% Cl:
0.92-0.95), but further research was warranted. In the
present study, it was concluded that the pSOFA score (AUC:
0.937; 95% Cl: 0.913-0.957) is effective and has the ability
to assess the prognosis of children with sepsis in a PICU of a
developing country, which is conducive to the promotion of
pSOFA in developing countries. In the present study, it was
observed that the optimal pSOFA cutoff to differentiate in-
hospital mortality was a score higher than 5 points, which
was different from the cutoff found by Matics and Sanchez-
Pinto in children with sepsis in a PICU of a developed country.
This observation requires further validation.

The present study has several limitations. Firstly, as aret-
rospective observation study, not enough data was available
to allow the daily calculation of all scores daily, which in turn
would allow a dynamic assessment of the patients’ condi-
tion. Secondly, the relatively small sample size might have
resulted in a less precise estimation of the accuracy of day-1
PELOD-2 and day-1 qPELOD-2 scores. Thirdly, only children
admitted to the PICU were included, and therefore, children

Table 2 Ability of PELOD-2, qPELOD-2, pSOFA and P-MODS to predict the in-hospital mortality.

Scoring system AUC 95% ClI Cutoff SE (%) SP (%) +PV (%) —PV (%) Z-score p-value
PELOD-2 0.916 0.888-0.938 >2 89 81 21 99 14.228 <0.001
gPELOD-2 0.802 0.765-0.836 >0 89 62 12 99 7.905 <0.001
pSOFA 0.937 0.913-0.957 >5 86 88 29 99 26.436 <0.001
P-MODS 0.761 0.722-0.798 >2 64 82 17 98 4.688 <0.001

AUC, area under the curve; SE, sensitivity; SP, specificity; +PV, positive predictive value; —PV, negative predictive value; 95% Cl, 95%
confidence interval; PELOD-2, Pediatric Logistic Organ Dysfunction Score-2; qPELOD-2, quick Pediatric Logistic Organ Dysfunction Score-2;
pSOFA, pediatric Sequential Organ Failure Assessment; P-MODS, Pediatric Multiple Organ Dysfunction Score.
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at different phases of acute care (out-of-hospital, emer-
gency department, and hospital ward) were not assessed.
These limitations reduce the generalizability of the present
findings and highlight the need for future prospective mul-
ticenter studies.

Both the day-1 PELOD-2 and day-1 qPELOD-2 scores are
effective and have the ability to assess the prognosis of
children with sepsis in the PICU of a developing country.
Moreover, the PELOD-2 score is superior to the qPELOD-2
score. Further studies are needed to determine the use-
fulness of the qPELOD-2 score, particularly outside of the
PICU.
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