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Development and validation of a mortality risk
model for pediatric sepsis
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Abstract
Pediatric sepsis is a burdensome public health problem. Assessing the mortality risk of pediatric sepsis patients, offering effective
treatment guidance, and improving prognosis to reduce mortality rates, are crucial.
We extracted data derived from electronic medical records of pediatric sepsis patients that were collected during the first 24 hours

after admission to the pediatric intensive care unit (PICU) of the Hunan Children’s hospital from January 2012 to June 2014. A total of
788 children were randomly divided into a training (592, 75%) and validation group (196, 25%). The risk factors for mortality among
these patients were identified by conducting multivariate logistic regression in the training group. Based on the established logistic
regression equation, the logit probabilities for all patients (in both groups) were calculated to verify the model’s internal and external
validities.
According to the training group, 6 variables (brain natriuretic peptide, albumin, total bilirubin, D-dimer, lactate levels, and

mechanical ventilation in 24 hours) were included in the final logistic regression model. The areas under the curves of the model were
0.854 (0.826, 0.881) and 0.844 (0.816, 0.873) in the training and validation groups, respectively.
The Mortality Risk Model for Pediatric Sepsis we established in this study showed acceptable accuracy to predict the mortality risk

in pediatric sepsis patients.

Abbreviations: ALT = alanine aminotransferase, APACHE II = Acute Physiology and Chronic Health Evaluation II score, AUC =
area under the curve, BNP = brain natriuretic peptide, BUN = urea nitrogen, CI = confidence interval, Cr = creatinine, CRP = C-
reactive protein, IQR = interquartile range, MISSED =Mortality in Severe Sepsis in the Emergency Department, MEDS =Mortality in
Emergency Department Sepsis, MRMFPS=Mortality RiskModel For Pediatric Sepsis, OR= odds ratio, PCT= procalcitonin, PICU=
pediatric intensive care unit, PIM = Pediatric Index of Mortality, PRISM = Pediatric Risk of Mortality, PT = prothrombin time, ROC =
receiver operating characteristic, SD = standard deviation, SPEED = Sepsis Patient Evaluation in the Emergency Department.
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1. Introduction

Sepsis is a systemic inflammatory response syndrome that is
triggered by infections caused by various pathogens. It can
progress into severe sepsis and septic shock and become a focal
and difficult issue in critical care medicine.[1,2] Children are at the
highest risk for sepsis. Moreover, sepsis is a major cause of death
in severe pediatric patients.[3,4]
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The incidence of severe sepsis in infants was 5.16 per 1000 in
United States.[5] The number of deaths among children <5 years
old caused by sepsis worldwide was estimated to be 1 million
(10%of all deaths) by theWorldHealth Organization (WHO).[6]

The in-hospital mortality associated with sepsis was 25%
globally (irrespective of age), 24% in North America, Europe,
and Australia/New Zealand, and 31% in Asia, Africa, and South
America.[5] A retrospective observational study by Schlapbach
et al[7] found that the mortality rates associated with sepsis and
septic shock were 5.6% and 17.0%, respectively, in critically ill
children in Australia and New Zealand. Consequently, sepsis
poses a serious threat to human health, although recent research
has shown that the mortality related to sepsis has been
decreasing.[8]

Several pediatric intensive care units (PICU) have adopted the
Pediatric Risk of Mortality (PRISM),[9,10] Pediatric Index of
Mortality (PIM),[11,12] or Acute Physiology and Chronic Health
Evaluation II score (APACHE II)[13] to assess the severity of sepsis
in pediatric patients. However, these indices involve multiple
systematic parameters and complex computation; this might not
be ideal for the clinical use in pediatric sepsis patients, as their
care typically requires quick clinical judgment. Moreover, the
physiology of sepsis changes as the infant grows; therefore,
general scoring systems such as APACHE II cannot precisely
reflect the severity of sepsis in pediatric patients. PRISM or PIM
are more suitable to assess the severity of critical pediatric
illnesses; however, their indicators are not intended for sepsis,
resulting in low specificity and accuracy.[12,14] Currently, the
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(MISSED)[15] and the Sepsis Patient Evaluation in the Emergency
Department (SPEED)[16] scores can be used to assess the
mortality risk of sepsis patients; however, these scoring systems
are primarily designed for adult patients.[17]

It is crucial to assess the mortality risk of pediatric sepsis
patients, thereby supporting effective treatments, improving
prognosis, and reducing mortality. Thus, a scoring model that
can assess pediatric sepsis in a stratifiedmanner is needed to guide
physicians in the prompt treatment of these patients, in
particular, during the initial stages of sepsis. Therefore, we
develop a Mortality Risk Model for Pediatric Sepsis (MRMFPS)
in this study.
2. Materials and methods

2.1. Study population

The medical records of pediatric sepsis patients who were
admitted to the PICU of the Hunan Children’s Hospital from
January 2012 to June 2014 were retrospectively reviewed. The
Hunan Children’s hospital is the only comprehensive hospital
for child illnesses in the Hunan province. It has 80 PICU beds
and covers over 200 two-way referral hospitals. More than
80% of severe child patients in the Hunan province are
admitted to this hospital. Therefore, patients are considered
highly representative for pediatric patients with severe illnesses
in the Hunan province.
We used the diagnostic criteria for sepsis of the Third

International Consensus Definitions for Sepsis and Septic
Shock.[18] Patients died within 4 hours of admission and those
with missing data (age, sex, and prognosis) were excluded from
our study.
To develop our risk model, 75% of the patients were randomly

assigned to the training group and the remaining 25% to the
validation group. The training group was used to build the
model, and the validation group to evaluate it.
2.2. Data collection

According to diagnosis and exclusion criteria, study population
was sorted out through reading hospital case files by the
professionally trained medical staff. We collected data on patient
demographics, clinical and physiologic parameters, as well as
diagnosis and prognosis, retrospectively. To standardize data
collection, the worst clinical and physiologic conditions were
recorded within the first 24 hours of admission.
The independent variables in the mortality risk model included

patient demographics (age and sex), vital signs (body tempera-
ture, heart rate, systolic blood pressure), infection-related
indicators (leukocyte and platelet counts, procalcitonin [PCT],
C-reactive protein [CRP] levels), and organ dysfunction-related
indicators (bilirubin, creatinine, total bilirubin, D-dimer, brain
natriuretic peptide [BNP] levels). All variables were measured
with international standard methods, and EpiData3.0 was used
to build a database. Double input by trained data entry clerks to
ensure completeness and internal consistency.
2.3. Ethical statement

This study was approved by the Hunan Children’s Hospital
Ethics Review Committee. All investigations conformed to the
principles outlined in the Declaration of Helsinki.
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2.4. Statistical analysis

Statistical analysis was conducted using SPSS19.0. Descriptive
results are presented as proportions (percentages), means
(standard deviations, SD), or medians (interquartile ranges,
IQR). Categorical variables were tested using the Chi-square test.
Continuous variables were compared with the t-test and
Mann–Whitney U test to detect differences in indicators of
subgroups. In the training group, the mortality risk factors
among pediatric sepsis patients were identified by conducting
multivariate logistic regression (the forward step-wise method
was used to screen variables; setting ain=0.05, aout=0.10). The
variables for which P< .05 in univariate analysis were included in
themultivariate logistic regression. In addition, the role of CRP as
a potential biomarker for infection has been unclear since earlier
studies showed inconsistent results. Therefore, the CRP was also
included in the multivariate logistic regression.[20,21] The
Hosmer–Lemeshow test was used to assess the goodness-of-fit
of the logistic regression models. After the logistic regression
equation was established, the logit probabilities of patients from
both groups were calculated to verify internal and external
validity. Themodel assessment indicators included the area under
the curve (AUC), sensitivity, and specificity.
3. Results

3.1. Characteristics of the study participants

Of all patients admitted to the PICU during the study period, 846
met the criteria for sepsis. Of these, 49 (5.8%) were excluded due
to a hospital stay of a duration of <4 hours and 9 (1.1%) due to
missing data. In total, 788 children were included for final
analysis; the response rate was 93.1%.
The median age of the study participants was 8.5 (IQR:

3.0–20.0) months, 65.2% were boys, and 210 (26.6%) died of
sepsis. A total of 592 (75%) and 196 (25%) patients were
assigned to the training and validation groups, respectively. We
found no statistically significant differences for sex, age, length of
PICU stay, mechanical ventilation in 24 hours, blood culture,
cause of sepsis, and death between the 2 groups (Table 1).
3.2. Mortality Risk Model for Pediatric Sepsis (MRMFPS)
in the training group

The univariate analysis showed that patient sex, mechanical
ventilation in 24 hours, D-dimer levels, capillary refill time,
prothrombin time (PT), the PaO2/FiO2 ratio, base excess, serum
lactate, total bilirubin, serum total protein, alanine aminotrans-
ferase (ALT), urea nitrogen (BUN), creatinine (Cr), uric acid,
myoglobin, PCT, BNP, and troponin levels showed significant
associations with mortality caused by sepsis in the training group
(Table 2).
We selected 19 variables to establish the multivariate logistic

regression analysis (Table 3). As a result, 6 variables (BNP,
albumin, total bilirubin, D-dimer, and lactate levels, as well as
mechanical ventilation in 24 hours) were retained in the final
logistic regression model (Table 4). The Hosmer–Lemeshow test
results revealed an adequate goodness-of-fit for the regression
model (x2=6.766, P= .562).
3.3. Validity and diagnostic cut-off points of the MRMFPS

Based on the established logistic regression equation, the logit
probabilities for all patients (in both groups) were calculated to
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Table 1

Clinical characteristics of patients in the training and validation groups∗.

Clinical parameter Total (%) Training group (N=592) Validation group (N=196) x2 P

Gender Male 514 (65.2) 386 (65.2) 128 (65.3) 0.001 .979
Female 274 (34.8) 206 (34.8) 68 (34.7)

Age 1 mo– 582 (73.9) 440 (74.3) 142 (72.4) 0.365 .833
1 y– 161 (20.4) 118 (19.9) 43 (21.9)
5–14 y 45 (5.7) 34 (5.7) 11 (5.6)

Length of PICU stay, d 1–3 144 (18.3) 106 (17.9) 38 (19.4) 0.244 .885
4–7 172 (21.8) 129 (21.8) 43 (21.9)
>7 472 (59.9) 357 (60.3) 115 (58.7)

Mechanical ventilation Yes 377 (47.8) 279 (47.1) 98 (50.0) 0.487 .485
No 411 (52.2) 313 (52.9) 98 (50.0)

Blood culture Positive 71 (9.0) 54 (9.1) 17 (8.7) 0.036 .849
Negative 717 (91.0) 538 (90.9) 179 (91.3)

Death Yes 210 (26.6) 154 (26.0) 56 (28.6) 0.493 .483
No 578 (73.4) 438 (74.0) 140 (71.4)

Cause of sepsis
With viral infection, % 225 (28.5) 170 (28.7) 55 (27.9) 0.031 0.860
With fungal infection, % 13 (1.6) 10 (1.7) 3 (1.5) 0.023 0.880
With respiratory infection, % 611 (77.5) 457 (77.2) 154 (78.4) 0.160 0.689
With digestive tract infection, % 140 (17.8) 111 (18.7) 30 (15.1) 1.189 0.276
With meningitis, % 117 (14.8) 83 (14.1) 33 (16.9) 0.930 0.335
With any co-morbidity, % 527 (66.9) 402 (67.9) 125 (63.9) 1.134 0.287
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verify the model’s internal and external validities. The perfor-
mance of our logistic regression equation for sepsis-related
mortality risk prediction was examined for both groups using
receiver operating characteristic (ROC) curves. The AUCs of our
model were 0.854 (95% confidence interval [CI] 0.826–0.881)
and 0.844 (95% CI 0.816–0.873) for the training and validation
groups, respectively (Fig. 1). The optimal diagnosis cut-off point
in the training group was logit probability=0.22462, with a
sensitivity of 0.857 and specificity of 0.701. For the validation
group, the optimal diagnosis of cut-off point was logit
probability=0.189165 with a sensitivity of 0.873 and specificity
of 0.677.

4. Discussion

We developed and validated a new in-hospital mortality risk
model to assess the mortality risk of pediatric sepsis patients. In
our study, 6 variables (BNP, albumin, total bilirubin, D-dimer,
lactate levels, and mechanical ventilation in 24 hours) were
included in the final Mortality Risk Model for Pediatric Sepsis
(MRMFPS).
Our data are in agreement with those of previous studies.[22–25]

The role of CRP and PCT as potential biomarkers for infection
has been unclear since earlier studies showed inconsistent
results.[20,21,26,27] In our study, we found no association between
CRP and PCT and sepsis-related mortality in pediatric patients.
This lack of association could have been because all study
participants suffered from severe infections. CRP and PCT levels
were shown not to be specific enough to assess the in-hospital
mortality risk among pediatric sepsis patients.[28]

Lactate, an indicator of perfusion and oxygen metabolism, has
been shown to have an important value in predicting the
prognosis of severe sepsis/septic shock.[29] Increased levels of the
N-terminal prohormone of BNP have been shown to be
associated with a dysfunction of the cardiovascular system and
systemic inflammation. It was shown that a BNP decline over
time implied a favorable outcome and lower mortality risk.[30]
3

High levels of D-dimer, total bilirubin, and low levels of
albumin[33] were shown to be associated with mortality sepsis
patients.
In 2003, Shapiro et al[17] first proposed that Mortality in

Emergency Department Sepsis (MEDS) could evaluate the
mortality risk in sepsis patients. Of 24 variables potentially
related to in-hospital mortality, their model included the 9
parameters age, polypnea or anoxia, septic shock, blood
platelet count, neutrophil ratio, lower respiratory infection,
altered mental status, and being a nursing home resident. The
model performed well with AUCs of 0.76 and 0.82 for the
validation and training samples, respectively. Moreover,
Alberti et al[34] established the Risk of Infection to Severe
Sepsis and Shock Score that includes the 12 indicators total
bilirubin levels, heart rate, serum Na+ concentration, platelet
count, body temperature, systolic blood pressure, mechanical
ventilation in 24 hours, pneumonia, peritonitis, gram-positive
bacteria, aerobic gram-negative bacteria, and bacteremia.
Moreover, they stratified sepsis into 4 levels by its score.
However, the above-mentioned models included only patients
aged ≥60 years and are therefore not likely to pediatric sepsis
patients.
Regarding mortality risk prediction models for children,

Okascharoen et al[35] used clinical data of 1870 newborns to
establish an assessment scoring model for predicting delayed
sepsis. Their model included the 6 parameters low blood
pressure, abnormal body temperature, respiratory insufficiency,
neutrophil count, abnormal blood platelet count, and catheteri-
zation of the umbilical vein. The ROC curve for neonatal sepsis
patients was 0.80–0.85. However, this model was specifically
designed use in newborns. In 2015, Bewersdorf et al[16] proposed
a SPEED score to predict the 28-day mortality in sepsis patients
admitted to the emergency department. The 8 indicators,
immunosuppressed state, hypotension, hypothermia, hypox-
emia, low hematocrit, elevated lactate levels, pneumonia, and
acidosis were included in the model. However, this model was
designed for adults and not children.

http://www.md-journal.com


Table 2

Univariate analysis of suspected factors of severe sepsis in the
training group (592 patients).

Variables Survival (N=438) Death (N=154) P

Gender
∗

.002
Male 301 (78.0) 85 (22.0)
Female 137 (66.5) 69 (33.5)

Age
∗

.435
1 month∼ 329 (74.8) 111 (25.2)
1 year∼ 87 (73.7) 31 (26.3)
5 years∼ 22 (64.7) 12 (35.3)

Mechanical ventilation <0.001
Yes 153 (54.8) 126 (45.2)
No 285 (91.1) 28 (8.9)

D-dimer
∗

<.001
Positive 165 (63.5) 95 (36.5)
Negative 273 (82.2) 59 (17.8)

Temperature, °C† 38.4±1.0 38.2±1.2 .212
HR, beats/min† 157.7±25.5 154.9±33.3 .286
Respiratory rate, breaths/min† 45.3±11.9 44.7±13.9 .627
Platelets, �109/L† 326.9±177.5 296.1±201.5 .074
Potassium, mmol/L† 4.1±1.9 4.3±1.1 .229
Systolic pressure, mm Hg 90 (84,100) 90 (82,98) .903
Capillary refill time, s 2 (2,3) 3 (2,4) <.001
Leukocyte, �109/L 12.5 (7.5, 18.1) 13.9 (8.2,20.1) .074
PT, s 13.6 (12.5, 15.1) 15.4 (13.5,21.3) <.001
PaO2/FiO2 ratio 336 (247, 428) 257 (180,400) <.001
Base excess –3.0 (–6.0,0.0) –6.2 (–14.6,–0.5) <.001
Blood lactate, mmol/L 1.2 (0.8,2.3) 2.0 (1.1,5.6) <.001
PFG, mmol/L 5.3 (4.3,6.5) 5.15 (4.1,7.9) .722
Sodium, mmol/L 135 (132,138) 134 (130,138) .074
Total bilirubin, mmol/L 7.6 (5.4,12.8) 10.6 (6.6,17.5) <.001
Albumin, g/L 35.4 (31.7,38.8) 33.5 (28.7,37.6) .003
ALT, IU/L 29.1 (19.0,58.4) 45.2 (22.1,123.1) <.001
BUN, mmol/L 4.0 (2.7,6.2) 5.6 (3.4,8.9) <.001
Cr, mmol/L 29.6 (22.6,43.0) 38.5 (27.1,60.6) <.001
Uric acid, mmol/L 204.8 (121.9,326.1) 241.1 (131.5,489.6) <.001
Myoglobin, mg/L 56.1 (23.8,146.5) 110.0 (46.7,535.1) <.001
PCT, ng/mL 1.1 (0.19,7.69) 3.8 (0.4,23.2) <.001
BNP, pmol/L 1133 (341,3543) 4312 (1273,16159) <.001
CRP, mg/L 13.3 (2.5,37.4) 17.1 (3.6,46.1) .098
Troponin, ng/mL 0.010 (0.005,0.071) 0.058 (0.005,0.30) .001

ALT= alanine aminotransferase, BNP=Brain natriuretic peptide, BUN=urea nitrogen, Cr=
creatinine, CRP=C-reactive protein, FPG= fasting plasma glucose, HR=heart rate, PCT=
proealcitonin, PT=prothrombin time.
∗
Binary and categorical data are presented as n and percentages of totals, using Pearson’s chi-square

test.
† Normally distributed data are presented as mean (±SD), using Student’s t-test.
Other nonsymmetrical distributed continuous data are presented as medians and 25th to 75th
percentile ranges, using the Mann–Whitney test.

Table 3

Evaluation of the categorical variable
∗
.

Variables Value

Death No=0, Yes=1
Gender Male=0, Female=1
Mechanical ventilation in 24 h No=0, Yes=1
D-dimer Negative=0, Positive=1
Capillary refill time, s �2=0, >2=1
PT, s �14=0, >14=1
PaO2/FiO2 ratio ≥300=0, <300=1
Base excess –3 to +3=0, <–3 or >+3=1
Lactate, mmol/L �2=0, >2=1
Total bilirubin, mmol/L �6=0, >6=1
Albumin, g/L ≥35=0, <35=1
ALT, IU/L �40=0, >40=1
BUN, mmol/L �7.1=0 >7.1=1
Cr, mmol/L 20–120=0, <20 or >120=1
Uric acid, mmol/L 90–350=0, <90 or >350=1
Myoglobin, mg/L �90=0, >90=1
PCT, ng/mL �0.05=0, >0.05=1
BNP, pmol/L �236=0, >236=1
CRP, mg/L �10=0 >10=1
Troponin, ng/mL �0.15=0, >0.15=1

ALT= alanine aminotransferase, BNP=brain natriuretic peptide, BUN=urea nitrogen, Cr=
creatinine, CRP=C-reactive protein, PCT=proealcitonin, PT=prothrombin time.
∗
All variables were defined by diagnostic criteria.[18,19]

Table 4

Multivariate logistic regression model of mortality risk in pediatric se

B S.E. W

BNP, >7.1 0.691 0.163
Albumin, <35 0.500 0.208
Total bilirubin, >6 0.834 0.236
D-dimer, positive 1.072 0.174
Mechanical ventilation in 24 h, Yes 2.113 0.214
Lactate, >2 0.442 0.195
Constant �5.946 0.462 1

BNP=brain natriuretic peptide, CI = confidence interval, S.E. = standard error, OR = odds ratio.
Hosmer–Lemeshow test: x2=6.766, P= .562.
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Regarding its application in the emergency department, our
model is advantageous when compared to the MISSED[15] since
fewer variables are included. Moreover, the variables included in
the MRMFPS are easily available in clinical practice. Clinicians
can easily stratify disease mortality risk and predict the risk of in-
hospital mortality in children with sepsis. The MRMFPS showed
a good predictive performance. However, validations for other
populations are needed.
Our study has several limitations. First, theMRMFPS does not

include indicators for the function of the nervous system, as these
parameters were not included in patients’ electronic medical
records. Therefore, our model should be further optimized since
these indicators are widely used in clinical settings. Second, 5.8%
of patients were excluded because they were admitted for less
than 4 hours. These patients might more serious than the ones
included in our study; this might affect the representativeness of
the sample. Third, all study participants were recruited at the
same hospital, reducing the representativeness of our study
population. Further multi-center clinical studies with large
sample sizes are needed to validate our results. Fourth, detection
psis (in the training group).

OR 95%CI

ald x2 P OR Lower Upper

17.974 <.001 1.996 1.450 2.747
5.800 .016 1.649 1.098 2.477
12.479 <.001 2.303 1.450 3.658
38.003 <.001 2.921 2.078 4.108
97.129 <.001 8.272 5.434 12.592
5.123 .024 1.556 1.061 2.282
65.462 <.001 0.003
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Figure 1. Receiver operating characteristic curves of the Mortality Risk Model
for Pediatric Sepsis for the training and validation groups.

Chen et al. Medicine (2017) 96:20 www.md-journal.com
methods for clinical indicators might differ by hospitals; this
could reduce the MRMFPS’ applicability to all clinical settings.
Despite these limitations, MRMFPS showed acceptable accuracy
to predict mortality risk in pediatric sepsis patients.
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