v/ \
\\;’ \
\
A\

/
)

~ 191‘1\

Original Article

Iran J Public Health, Vol. 45, No.7, Jul 2016, pp.875-884

Development and Validation of a Disease Severity Scoring Model
for Pediatric Sepsis

Li HU', #*Yimin ZHU °, Mengshi CHEN °, Xun LI’, Xiulan LU”, Ying LIANG,
*Hongzhuan TAN 1

1. School of Public Health, Central South University, Changsha, P. R. China
2. Institute of Emergency Medicine, People's Hospital of Hunan Province, Changsha, P. R. China
3. Pediatric Intensive Critical Unit, Children's Hospital of Hunan Province, Changsha, P. R. China

*Corresponding Author: Email: cszhuyimin@163.com

(Received 10 Sep 2015; accepted 24 Jan 2016)

Abstract

Background: Multiple severity scoring systems have been devised and evaluated in adult sepsis, but a simplified scor-
ing model for pediatric sepsis has not yet been developed. This study aimed to develop and validate a new scoring
model to stratify the severity of pediatric sepsis, thus assisting the treatment of sepsis in children.

Methods: Data from 634 consecutive patients who presented with sepsis at Children’s hospital of Hunan province in
China in 2011-2013 were analyzed, with 476 patients placed in training group and 158 patients in validation group.
Stepwise discriminant analysis was used to develop the accurate discriminate model. A simplified scoring model was
generated using weightings defined by the discriminate coefficients. The discriminant ability of the model was tested
by receiver operating characteristic curves (ROC).

Results: The discriminant analysis showed that prothrombin time, D-dimer, total bilirubin, serum total protein, uric
acid, PaO2/FiO2 ratio, myoglobin wete associated with sevetity of sepsis. These seven variables were assigned with
values of 4, 3, 3, 4, 3, 3, 3 respectively based on the standardized discriminant coefficients. Patients with higher scores
had higher risk of severe sepsis. The areas under ROC (AROC) were 0.836 for accurate discriminate model, and 0.825
for simplified scoring model in validation group.

Conclusions: The proposed disease severity scoring model for pediatric sepsis showed adequate discriminatory capac-
ity and sufficient accuracy, which has important clinical significance in evaluating the severity of pediatric sepsis and

predicting its progress.
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Introduction

Sepsis is systemic inflammatory response syn-
drome (SIRS) resulting from a wide spectrum of
infectious agents. This condition can further lead
to severe sepsis and septic shock, and now it is the
focus and challenge of critical care medicine (1,2).
Recent data have shown that 18 million of new
sepsis cases occur each year worldwide, with a high
fatality rate of 30% (3, 4). The situation in children is
even worse. Children especially infants are at high-
risk of sepsis (5). They also have the highest fatality
rate, especially those with severe sepsis (6, 7). Recent
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data suggests that sepsis and its induced septic shock
and multiple organ dysfunctions (MODS) are
among the leading causes of admission to intensive
care units (ICUs) and it leads to an extremely high
fatality rate in pediatric intensive care unit (PICU)
(8,9).

The key to decrease the fatality rate of pediatric
sepsis, especially severe sepsis, is eatly diagnosis,
accurate assessment and timely treatment. How-
ever, the diagnosis of sepsis and evaluation of its
severity only based on clinical signs and symptoms
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such as temperature, heart rate and respiratory
rate is quite difficult, due to its untypical and di-
verse clinical signs as well as the complex and dy-
namic pathophysiologic process (10). Failure to
recognize the severity of illness in the early course
of disease may lead to inappropriate disposition or
treatment. Therefore, it is of utmost importance
to develop a clinical tool that is more accurate and
objective than clinicians’ experience to stratify se-
verity of sepsis (11). In 2001, the North American
and European sepsis definitions conference pro-
posed the PIRO (predisposition, infection, re-
sponse, organ dysfunction/failure) concept with
the suggestion that sepsis could be stratified on the
basis of easily measured biological indicators in a
way similar to cancer, with the TNM (Tumor Node
Metastasis) staging system (12).

In recent years, severity stratification scoring sys-
tems such as Acute Physiology and Chronic
Health Evaluation II (APACHEII), Sequential
Organ Failure Assessment (SOFA), Pediatric Risk
of Mortality (PRISM) score have been applied to
various septic populations (13,14). These scoring
systems indeed played a part in assessing sepsis in
children with relatively comprehensive parameters.
However, they were computationally complex and
devised either for adult patients or for general critical
disease, and mainly focus on the prediction of sur-
vival or death (15,106), thus not suit for pediatric sep-
sis. Moreover, because of important differences be-
tween adults and children with respect to co-
morbidities, organ failure, and baseline mortality rate,
efficacy from adults may not be generalized to chil-
dren(5).

To our knowledge, scoring model established spe-
cifically for pediatric septic patients with high clin-
ical application value has not yet been reported.
The aim of this study was to develop a scoring
model based on selected objective variables with
high specificity and sensitivity, to aid severity as-
sessment in children with sepsis.

Materials and methods

Study Population
Patients presenting with sepsis were retrospec-
tively recruited from the PICU in Children’s hos-
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pital of Hunan province between Mar 2011 and
Mar 2013. This hospital is the only comprehensive
children’s hospital in this province, with 80 PICU
beds and over 200 two-way referral hospitals.
More than 80% of the serious children patients in
Hunan province were admitted in this hospital. So,
the patients in this hospital are highly representa-
tive of all serious children patients in Hunan prov-
ince. Electronic management was implemented for all
medical records in this hospital with complete and
reliable information, which guaranteed the quality of
data.

All selected patients met the pediatric-specific diagnostic
criteria for sepsis established by the international pediat-
ric sepsis consensus conference (17). In this study, mild
sepsis refers to all sepsis except severe sepsis.

Patients who had been admitted for less than 24 h,
and patients with important information such as
age, gender and prognosis missing were excluded.
To develop the scoring model, 75% of the pa-
tients were randomly assigned to the training
group and the remaining 25% to the validation
group, according to their admission number. We
used the training group to establish the model,
and the validation group to evaluate the model.

Data collection

The hospital electronic medical records for all pa-
tients were reviewed by specially trained doctors
and eligible patients were selected according to the
unified diagnostic criteria and exclusion criteria.
Data were extracted anonymously using standard-
ized data collection forms and database software.
The following information was collected: de-
mographics, clinical and physiologic data, diagno-
sis data and prognosis data. In order to standard-
ize data collection, clinical and physiologic data
were taken as the worst value recorded during the
first 24 h after admission. The independent varia-
bles considered for inclusion into the sepsis scot-
ing model included demographic variables (age,
gender) and vital signs (temperature, heart rate,
systolic blood pressure etc.); infection related indi-
cators (leukocyte platelet proealcitonin, C-reactive
protein etc.); organ dysfunction related indicators
(bilirubin, creatinine, total bilirubin, D-dimer,

876



Iran J Public Health, Vol. 45, No.7, Jul 2016, pp.875-884

brain natriuretic peptide etc.). All variables were
measured with international standard methods.
This study was approved by Xiangya Medical
School Research Ethics Committee, Changsha,
China. We didn’t get written or verbal informed
consent from participate or the next of kin, care-
takers, or guardians on behalf of the mi-
nors/children since we have not access the pa-
tients. No any potential harm to the participants
was apparent. To ensure anonymity, every partici-
pant was consecutively assigned an identification
number, used for further analysis.

Statistical Analysis

Collection and analysis of data were performed
with Epidata3.0 and SPSS 17.0. Regression esti-
mation technique was used to impute the missing
values (the proportion of data missing for indi-
vidual variables was less than 5%). Results are pre-
sented as numbers with percentages in parenthe-
ses for categorical variables and mean (£SD) or
median (quartiles) for continuous variables. Un-
ivariate analysis was used to select a subset of pre-
dictors associated with sepsis severity at P<0.1
level to be considered for inclusion in the multiva-
riable scoring model. Statistical differences in
quantitative data were determined using the Stu-
dent’s rtest. Variables with nonsymmetrical dis-
tributions were evaluated using the Mann-Whitney
test. Pearson’s chi-square test was used for qualita-
tive data.

Continuous variables were categorized to binary
or categorical indicators required for a clinically
useful scoring system in sepsis. Multivariate analy-
sis was performed by stepwise discriminant analy-
sis to identify variables independently associated
with the severity of sepsis (x=0.05, 3=0.1). We
established the accurate discriminate model based
on the discriminant coefficients resulting from the
stepwise discriminant analysis. The simplified scot-
ing model was developed based on standardized ca-
nonical discriminant coefficients obtained from dis-
criminant analysis, with the general rule of multiply-
ing the coefficients by 10 and round off to the near-
est integet.

To assess the accuracy of the models, we calcu-
lated the sensitivity (Sn) and specificity (Sp), and
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then constructed receiver operating characteristic
(ROC) curves by plotting the Sn against (1-Sp) at
different cutoff value. The discriminant perfor-
mance of the scoring systems was assessed by the
area under the ROC curve (AROC), with values
close to 1.0 indicating high diagnostic accuracy.
We determined the best cutoff value of the model
according to the Youden index.

Results

Characteristics of Patients

During the 2-year study period, 687 patients ad-
mitted to PICU met the criteria of sepsis or severe
sepsis, of whom 43 (6.3%) were excluded for less
than 24 h of hospital stay. Another 10 (1.5%)
children were excluded for incomplete infor-
mation. 634 children were included in the final
analysis, with a response rate of 92.3%.

Of the 634 patients, 231 (36.4%) had severe sepsis.
424 (66.9%) patients improved or recovered, 49
(7.7%) gave up treatment and were discharged,
and 161(25.4%) patients died. The average age
was 16.9 1= 24.4 months (range 1 month to 14 yr)
and 65.3% were male. We randomly assigned all
patients to the training group and validation group.
The two groups had no statistical difference in
gender, age, length of hospital stay, mechanical
ventilation, blood culture; cause of sepsis and the
proportion of patients with severe sepsis (Table 1).
A total of 585 patients were included in the prog-
nostic analysis due to 49 cases (7.7%) were aban-
doned or left hospital voluntarily with no available
prognostic information. We compared the initial
characteristic between the included 585 patients
and the excluded 49 patients. Table 2 reveals that
there were no statistic difference in sepsis severity
and mean score between the two group (P>0.05),
which indicated that our results resulted from the
remained sample may be reliable.

Univariate analysis in the training group

Table 3 compares the characteristics and clinical
variables of mild sepsis versus severe sepsis in the
training group. Several clinical variables were
strongly associated with severe sepsis in the uni-
variate analysis, including D-dimer, heart rate, res-
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piratory rate, platelets, potassium, capillary refill
time, prothrombin time, PaO,/FiO, ratio, base ex-
cess, blood lactate, total bilirubin, serum total pro-
tein, alanine aminotransferase, urea nitrogen, crea-
tinine, uric acid, myoglobin, proealcitonin, brain
natriuretic peptide, and troponin.

Discriminant analysis and discriminant model
The nineteen statistically significant factors identi-
fied by the univariate analysis were taken to Fisher

stepwise discriminant analysis to construct a dis-
criminant function (Table 4). As a result, seven
variables were retained in the final discriminant
model, including prothrombin time, D-dimer,
PaO,/FiO, ratio, total bilirubin, serum total pro-
tein, uric acid and myoglobin.

These results can be presented in the form of the
following equation to establish the accurate discri-
minant model for severe sepsis:

Table 1: Clinical characteristics of patients in the training and validation groups*

Clinical parameter Total (%) Training Validation X2 Pral-
group(N=476)  group(IN=158) ue

Gender Male 414(65.3) 313(65.8) 101(63.9) 0.176 0.675
Female 220(34.7) 163(34.2) 57(36.1)

Age 1 month~ 511(80.6) 380(79.8) 131(82.9) 0.846 0.655
1 year~ 90(14.2) 71(14.9) 19(12.0)

5-14 year 33(5.2) 25(5.3) 8(5.1)
Length of 1-3 111(17.5) 76(16.0) 35(22.2) 3.156 0.206
PICU stay (days)

4-7 151(23.8) 116(24.4) 35(22.2)
>7 372(58.7) 284(59.6) 88(55.0)

Mechanical ventilation yes 295(46.5) 222(46.6) 73(46.2) 0.009 0.924
no 339(53.5) 254(53.4) 85(53.8)

Severe sepsis yes 231(36.4) 172(36.1) 59(37.3) 0.075 0.785
no 403(63.6) 304(63.9) 99(62.7)

*Results are presented as numbers with percentages in parenthesis

Table 2: Characteristic of the included 585 patients and excluded 49 patients

Clinical parameter Total (%) Group A Group B X2/t  Pvalue

(N=585) (N=49)

Severe sepsis ves 403(63.6) 373(63.8) 30(61.2) 0126 0.723
no 231(36.4) 212(36.2) 19(38.8)

Score group 0-7 198(31.2) 183(31.3) 15(30.6) 0913 0.634
8-15 239(37.7) 223(38.1) 16(32.7)
16-23 197(31.1) 179(30.6) 18(36.7)

Mean score 11.52+6.13 12.00£6.18 -0.528 0.597

*Group A: 585 patients included in the prognostic analysis;

Group B: 49 patients excluded in the prognostic analysis due to lack of prognostic information

7=-71312+0.702%X,, (total bilirubin) +0.634* X,
(uric acid) +0.680* X, (D-dimer) +0.934*X,, (serum
total protein) +0.795*X,  (prothrombin  time)
+0.616¥X,, (myoglobin) +0.551*X, (PaO,/FiO, ratio).
The average discriminant function value for se-
vere sepsis group was Z,=0.45, and for mild sep-
sis group was Z,=0.92, distinguishing value
2=(2,+7,)/2= (045 + 0.92) / 2 = 0.24. Thus,
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Z, 2 0.24 was discriminated as severe sepsis, and
Z1 < 0.24 was discriminated as mild sepsis.

For convenience in clinical use, we generated a
simplified score using weightings defined by the
standardized discriminant coefficients of the
model (multiplied by a constant and rounded to
the nearest integer) (Table 5). The simple score
ranges from 0 to 23 points.
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Table 3: Univariate analysis of suspected factors of severe sepsis in training group (476 patients)

Variables Mild sepsis Severe sepsis Pvalue
(N=304) (N=172)
Gender * 0.553
Male 203 (66.8) 110 (64.0)
Female 101 (33.2) 62 (36.0)
Age* 0.723
1 month~ 241 (79.3) 139 (80.8)
1 year~ 48 (15.8) 23 (13.4)
5 year~ 15 (4.9) 10 (5.8)
D - dimer* 0.000
positive 97 (31.9%) 109 (63.4%)
negative 207 (68.1%) 63 (36.6%)
Temperature (°C)t 38.5+1.0 38.4%+1.3 0.668
HR (beats/min)t 153.7£24.4 161.2131.8 0.008
Respiratory rate (breaths/min)t 44.2+12.3 47.8+13.8 0.004
Platelets (X10™9/1) + 347.41184.2 270.7+180.8 0.000
Potassium (mmol/l){ 4.0%0.7 43111 0.007
Systolic pressure (mmHg) 90(85-104) 89(82-105) 0.240
Capillary refill time(secs) 2 (1-5) 3 (2-10) 0.000
Leukocyte (X1079/1) 12.9 (8.3-17.1) 12.8 (7.7-18.9) 0.686
PT(secs) 13.4 (12.4-14.3) 16.0 (13.7-20.4) 0.000
PaO,/FiO ratio 372 (250-444) 219 (332-400) 0.000
Base excess -2.5 (-5.4-0.5) -6.5 (-12.4~-1.0) 0.000
Blood lactate (mmol/I) 1.2 (0.9-1.9) 2.1(1.1-4.68) 0.000
PFG (mmol/l) 5.6 (4.6-6.7) 5.3 (4.1-7.0) 0.176
Sodium (mmol/1) 135 (133-138) 135 (131-138) 0.484
Total bilirubin (umol/I) 7.2 (5.1-11.5) 9.8 (6.5-18.3) 0.000
Serum total protein (g/1) 59.9 (54.9-65.3) 54.5 (46.9-60.0) 0.000
ALT (IU/L) 26.0 (17.2-41.7) 51.9 (28.0-137.3) 0.000
BUN (mmol/I) 3.6 (2.7-5.2) 6.5 (3.7-11.1) 0.000
Cr (umol/l) 27.4 (21.4-34.1) 40.5 (26.3-85.5) 0.000
Uric acid (umol/I) 194 (120-286) 304.5 (132-570) 0.000
Myoglobin (ug/1) 55.7 (22.0-107.3) 152.5 (49.4-774.4) 0.000
PCT (ng/ml) 0.70 (0.16-3.50) 6.17 (1.04-59.87) 0.000
BNP(pmol/I) 734 (281-2404) 7723 (1335-21379) 0.000
CRP(mg/]) 11.1 (2.3-38.1) 13.7 (2.31-51.5) 0.288
Troponin (ng/ml) 0.015 (0.004-0.075) 0.043 (0.004-0.28) 0.007

*Binary and categorical data are presented as 7 and percentages of totals, using the Pearson’s chi-square test/t Normally distributed data are
presented as mean (£SD), using Student’s ~test/ Other nonsymmetrical distributed continuous data are presented as medians and 25th to 75th
percentile ranges, using Mann-Whitney test/HR: Heart rate; ALT: alanine aminotransferase; PT: prothrombin time; PFG: fasting plasma glu-
cose (FPG); BUN: Urea nitrogen; Cr: Creatinine; PCT: proealcitonin; BNP: Brain natriuretic peptide; CRP: C-reactive protein

Table 4: Evaluation of the categorical variable*

Variables value
Xi Heart rate Normal =1, Abnormal =2
X2 Respiratory rate Normal =1, Abnormal =2
X3 CRT(s) <2=1, >3 =2
X4 Platelet count (X10"9/L) <400 =1, >400 =2
X5 PT(S) <14=1, >14=2
Xo D-dimer negative =1  positive =2
X7 Pa0,/FiO; ratio 2300 =1, <300=2
Xs Base excess B3~+3=1, <3or>+3=2
Xy Lactate (mmol/L) <15=1, >15=2
Xio Potassium (mmol/L) 3.5~55=1, <35o0r>55=2
Xi1 Total bilirubin (umol/I) <6 =1, >6=2
Xi2 Serum total protein (g/1) >35=1, <35=2
Xi3 ALT(IU/L) <40 =1, >40=2
Xig Cr (umol/1) 20~120 =1, <208§>120 =2
Xis Urtic acid (umol/1) 90~350 =1, <90u>350 =2
Xis Myoglobin (ug/L) <90 =1, >90=2
Xi7 PCT(ng/ml) <0.05=1, >0.05=2
Xis BNP(pmol/L) <236 =1, >236=2
Xig Troponin (ng/ml) <0.15=1, >0.15=2
Y Severe sepsis Yes =1, No =2

*: All variables were defined by diagnostic criteria.
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Table 5: Simplified scoring model developed based on the accurate discriminate model

Variables Coefficient* Score valuet
PT(S) 0.367 <14 =0 >14 =4
D-dimer 0.318 negative =0 positive =3
PaO,/FiO; ratio 0.270 2300 =0 <300 =3
Total bilirubin (umol/1) 0.312 <6 =0 >6 =3
Serum total protein(g/1) 0.450 >35=0 <35 =4
Utic acid (umol/1) 0.295 90~350 =0 <90 or >350 =3
Myoglobin (ug/L) 0.287 <90 =0 >90 =3

*Coefficient: standardized canonical discriminant coefficients

T The score is 0 if the variable is normal; for abnormal variables, the score equals to the coefficients multiplied by 10 and

rounded to the nearest integer.

The performance of the discriminant model in
discriminating mild sepsis and severe sepsis was
estimated both in the training sample and valida-
tion sample using ROC curves. The AROCs

(Fig.1A) of accurate discriminate model were
0.816 (95% CI 0.771 to 0.861) in the training
group and 0.836 (95%CI 0.765 to 0.907) in the

A. Training group
1.0

0.8

0.6

sensitivity

0.2

0.0
0.0 0.2 0.4 0.6 0.8 1.0

1-specificity

Accurate discriminate model

validation group. For simplified scoring model,
the AROC remained relatively high with AROC
0.800 (95%CI: 0.753~0.846) in the training set
and 0.825 (95%CI: 0.750~0.899) in the validation
set (Fig.1B). Such large areas are generally ac-
knowledged to be of excellent discrimination.

B. Validation group

1.0

0.8
Z 0.6
2
=
w
3
8 0.4

0.2

0.0

0.0 0.2 0.4 0.6 0.8 1.0
1-specificity

——-Simplified scoring model

Fig.1 Receiver Operator Characteristic (ROC) curves for the accurate discriminate model and simplified scoring model in the
training (A) and validation (B) groups.

Correlations of the score with sepsis severity
and prognosis

We calculate the severity scores for each of the
study subjects. These scores ranged from 0 to 23,
with a mean (£SD) value of 11.6 (£6.2). Table 6
shows the prevalence of severe sepsis and fatality
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rate with each level of scores. As the score rises,
the proportion of severe sepsis and the fatality
rate increases significantly, and the percentage of
improved or recovered decreases significantly
(trend Chi-square tests P<(0.05).

880



Iran J Public Health, Vol. 45, No.7, Jul 2016, pp.875-884

Table 6: Prevalence of severe sepsis and prognosis in total patients according to summed score *

Score Group Total Severe sepsis (%) Death (%) Improved or recovered (%)
0-7 198 24 (12.1) 21 (10.6) 162 (81.8)
8-15 239 69 (28.9) 48 (20.1) 175 (73.2)
16-23 197 138 (70.1) 92 (46.7) 87 (20.5)
Trend test P 0.000 0.000

*A total of 585 patients were included in the prognostic analysis due to 49 cases (7.7%) were abandoned or left hos-

pital voluntarily with no available prognostic information.

Discussion

Sepsis is a severe condition triggered by systemic
inflammation in response to infection (18), which
remains one of the common critical illnesses en-
countered in the PICU. It is very complicated for
clinicians to diagnose and assess pediatric sepsis
due to its untypical symptoms, rapidly develop-
ment and dynamic pathophysiological process
(19,20). Thus, practical clinical scoring models
with few indicators are urgently required in pediat-
ric critical medical care to assess patients' condi-
tion (21). This study specially designed to stratify
severity of sepsis for pediatric patients, using a
score based on seven variables drawn from patient
clinical findings and laboratory examinations.

Advances in statistical methods have supplied the
tools necessary to model complex relationships
among many variables relevant to outcomes. In
this study we used discriminate analysis to develop
our model. Other alternatives would have been
the use of synthetic evaluation model, for example
hierarchy method and Delphi method (22). How-
ever, those methods always select indicators sub-
jectively or need other auxiliary methods to select
indicators objectively. Besides, specialists were
required to participate in and reach a high agree-
ment coefficient to obtain reliable results. There-
fore, the availability and comprehensiveness of
discriminant analysis and the simplicity of pre-
senting the results as simple scores have con-
ducted us to this election. Discriminant analysis is
a classification statistical method using the known
categories of sample to establish the discriminant
model. The unknown sample was then identified
by the established model. The stepwise discrimi-
nant analysis is the ideal statistical method for our
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analysis by using fewer indicators to achieve stable
discriminant effect (23). Receiver-operating curve
(ROC) analysis has been used to determine the
performance of a model in many studies (24). All
of these ensure that our results are scientific and
reliable.

In our study based on 634 patients, we selected 27
variables, which are readily available in most of
the institutions and closely related with various
systems of the body. Nineteen of them entered
into discriminant analysis by univariate analysis,
and 7 were retained in the final model. Most of
the severity indicators found in our study are in
concordance with previous study (25-27). Other
indicators, such as C-reactive protein, tumor ne-
crosis factor and procalcitonin, have been re-
ported as potential biochemical markers of infec-
tion (28-30), however have not been shown to be
associated with severity of pediatric sepsis in our
study. One explanation may be that only children
diagnosed with sepsis were included in this study,
so the biochemical markers of infection cannot be
used to distinguish the severity of infected chil-
dren.

The present scoring models were derived from
readily available clinical variables. These variables
and their coefficients are different from the widely
used but complicated scoring systems such as
APACHEII, SOFA, and PRISM score (15,16).
This difference may be related to our specific re-
search objects, which fully shows the rationality
and uniqueness of our model in assessing severity
of sepsis in children.

Previous studies have attempted to derive clinical
scores as a tool to identify seriously ill sepsis pa-
tients; however, most of them looked at factors
which may be predictive of fatality (4,31). Shapiro
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et al. (32) firstly derived and validated the Mortal-
ity in Emergency Department Sepsis (MEDS)
score to address the need for an early risk stratifi-
cation tool for sepsis in adult patients. The score
was based on nine variables drawn from patient
profile, clinical findings, and initial laboratory ex-
amination. The performance of the MEDS score
has been validated in various populations to pre-
dict the 28-d fatality rate, with AROC 0.76 to 0.82
(33,34). Then Corinne Alberti et al. developed a
Risk of Infection to Severe Sepsis and Shock
Score (RISSC) to estimate the risk of worsening
sepsis in critically ill patients with infection (35).
The score included 12 variables such as tempera-
ture, heart rate, platelets, which are subsequently
simplified into four subclasses of risk. Unfortu-
nately, scores in the above studies were devised
based on adult groups whose average age were
over 60 yr old, which were not suitable for as-
sessment of disease severity in pediatric popula-
tion. Yet there are some scoring systems for mor-
tality prediction in pediatric sepsis have been de-
veloped in recent past. Okascharoen et al. (30)
constructed and validated a prediction-scoring
model for late-onset neonatal sepsis from clinical,
laboratory, and management variables in a retros-
pective cohort. The validity of this score was good
with AROCs from 0.80 to 0.85, but its practical
application only suits for neonates. Wong et al.
(37) derived a pediatric sepsis biomarker risk
model using 12 gene probes associated with out-
come in children with septic shock with an AROC
0.811. However, it only suits for sepsis shock chil-
dren and has technical limitation for widely clini-
cal application.

In the present study, we evaluated the accurate
discriminate model with training sample and vali-
dation sample, which showed a good discrimina-
tory performance in assessing the severity of sep-
sis (AROC 0.815 to 0.836). It was similar to the
clinical value of prediction-scoring model for late-
onset neonatal sepsis and pediatric sepsis bio-
marker risk model (36), better than the PRISM
reported by De Araujo Costa et al (38) and
APACHE score in assessing critical illness of
children reported by Ana Lilia et al. (14).
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Besides, our discriminant model only includes
seven variables. It can be applied easily by clini-
cians with simple calculation procedures installed
on their personal computers. For those inconven-
ient to use a computer, the accurate discriminate
model is not convenient. In order to enhance
availability, we provide a more convenient simpli-
fied scoring model with similar clinical discrimi-
nant effect (AUROC:0.800 ~ 0.825).The simpli-
fied scoring model was superior to the MEWS,
SCS and REMS in predicting septic fatality re-
ported by Ghanem-Zoub (39), and also better
than the SOFA and CIS score reported by Shigeto
Oda (13).

In addition, we provided the risk estimation of se-
vere sepsis and fatality according to the summed
score, which is not only of diagnosis value but
also of clinical predictive value.

Although we used scientific statistical methods to
develop and verify the model, some limitations
should be noted. Firstly, the performance of the
model can be optimized with more predictable
factors included. In our analysis, not all variables
that might be considered for inclusion into a se-
verity score of sepsis were obtained. For example,
we had no information on nervous system (Data
regarding GSW were only available in 67 patients.),
cytokines levels or patients’ genetic predisposition
in our population. However, examination of such
indicators is costly and currently limited to few
centers throughout the world. Different etiologies
may confer different severity and prognoses but
the underlying etiology is often unknown until
relatively late in the course of hospitalization. Fac-
tors that account for the accuracy of the model
also contribute to its complexity, and sophisti-
cated parameters are not uniformly obtained in
resource-limited settings. Accordingly, we in-
tended to create a clinical tool based on com-
monly available clinical variables. All of these ad-
ditional diagnostic tests merit further evaluation
and incorporating such variables into a sepsis risk
score might be feasible in a not-too-distant future.
Secondly, our study was conducted at single cen-
ter in Chinese population and may not be repre-
sentative of all the PICUs worldwide. Thirdly, 49
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patients exclusion from the prognostic analysis
might have introduced a bias in this study. There-
fore, more, larger and further prospective studies
are necessarily needed.

Conclusion

An accurate discriminate model and simplified
scoring model proposed in this study are new, ap-
plicable tools for severity assessment in pediatric
sepsis patients. Using generally available indicators,
clinicians can easily stratify the disease severity
and predict the risk of severe sepsis in septic chil-
dren, which are very important in guiding treat-
ment and improving outcomes. We propose that
this severity-scoring model should be further eva-
luated for severity stratification and mortality pre-
diction in larger prospective study as well as in
other ethnic groups.
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