riginal Article

Department of Pediatrics,
St Stephens Hospital,
*Biostatistics, All India
Institute of Medical
Science, New Delhi, India

Correspondence:
Jacob Puliyel,
E-mail:
puliyel@vsnl.com

Received 1 01-12-05
Review completed : 23-01-06
Accepted : 23-02-06
PubMed ID

J Postgrad Med 2006;52:102-5

Mortality in an intensive care unit (ICU) depends on severity
of illness." In pediatrics, scoring systems have been developed
to predict this mortality among ICU admissions. ! Of these
the Physiologic Stability Index (PSI) is one of the oldest.”
PRISM score was devised to reduce the number of
physiological variables required for ‘severity of illness
assessment’. However even this scoring system depends on
laboratory results and as such is cost and labor intensive. We
set out to test if a scoring system that utilizes only physical
criteria (clinical signs) can be used to identify severity of
illness. We felt that such a score of clinical signs, if proven to
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Signs of Inflammation in Children that can Kill
(SICK score): Preliminary prospective validation of a
new non-invasive measure of severity-of-illness
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ABSTRACT

Background: Signs of Inflammation in Children that can Kill (SICK score) is a new severity-of-illness score. It
uses the physical signs of the Systemic Inflammatory Response Syndrome (SIRS) and its continuum - the
Multiple Organ Dysfunction Syndrome (MODS). The development of the score used multiple logistic regression
model coefficients converted to integer scores that have been published earlier.

Aims: The present study was done to validate the scoring system by predicting outcomes in a fresh data set.
Setting: Intensive care unit in a tertiary referral hospital

Design: Prospective

Materials and Methods: 125 admissions to the intensive care unit were evaluated so that the SICK score and
the PRISM score could be calculated. In-hospital mortality was noted

Statistical Analysis: Calibration (Hosmer-Lemeshow goodness of fit) and discrimination (area under the ROC
curve) were used to measure performance.

Results: Of the 125 patients studied 23 died. The area under the ROC curve was 0.76 compared to 0.80 in the
development sample. Using PRISM in the validation group, the ROC was 0.78. Calibration was excellent.
Conclusion: The SICK score can predict severity of illness with nearly the same accuracy as the PRISM score.
The SICK score can be calculated immediately on admission and can help to prioritize care for the more sick
children who need urgent aggressive management. Larger studies, that includes all admissions to the hospital,
will now need to be done.
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Systemic Inflammatory Response Syndrome (SIRS)® and its
continuum - the physical signs utilized in the Advanced
Pediatric Life Support (APLS).”I The abnormal values used in
the original study”! are shown in Table 1. Table 2 shows the
weights for cach variable, derived in the development study.
As this score, which evaluates risk of mortality, is dependent
on systemic signs of inflammatory response, we are calling it
the ‘Signs of Inflammation in Children that could Kill’ score,
with the acronym, "SICK score” The present study was done to
validate that scoring system, by predicting outcomes in a fresh
data set.

predict mortality in an ICU setting, can probably be used in

the Emergency Department (ED) as a method to triage of
patients there, to help prioritize care and to obviate harmful

delays.

The development of the scoring system and the weights given
to each variable, have been published previously.” Briefly, the
scoring system utilizes the abnormal physical variables of the
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In the validating data set, we also looked at the mortality
prediction of the PRISM score. We have evaluated how the
SICK score, based on physical criteria and age of patient,
performed in predicting mortality compared to PRISM score.
In this initial validation study, we have used a small ICU
population because the probability of death is the highest in
this hospital admission sub-set. This was done as a prelude to
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Table 1: Scoring of abnormal clinical variables!”

Variable Abnormal range
Temperature >38°C < 36°C
Heart rate Infant >160 per minute

Child >150 per minute
Infant >60 per minute
Child >50 per minute
Infant <65 mm Hg
Child <75 mm Hg

Respiratory rate

Systolic blood pressure

Spo, <90%
Capillary refill time >3 seconds
A Alert Anyone except A

V Responds to voice
P Responds to pain
U Unresponsive

Based on SIRS and APLS™?

Table 2: Weight (Regression coefficient) for each
variable* developed in previous study”

Variable Weight
Heart rate 0.2
Respiratory rate 0.4
Blood pressure (systolic) 1.2
Temperature 1.2
Spo, 1.4
Capillary filling time 1.2
AVPU 2.0
Age (months)
> 60 0.0
=12 to <60 0.3
>1to <12 1.0
<1 2.2

*Based on multiple logistic regression analysis

a larger multicentric trial covering all admissions, to validate
the score.

Materials and Methods

This prospective study was done from May 2001 to August
2002 at a tertiary care hospital, with an 8§ bed pediatric ICU
after obtaining permission from the hospital rescarch
committee. Procedures were followed in accordance with the
standards laid down in the Helsinki Declaration of 1975 as
revised in 2000. Admissions to the ICU, above one month of
age and up to 12 years of age, were enrolled in the study. Patients
with congenital malformations were excluded. Written consent
was obtained from the parents of participating children. All
patients included in the study were assessed for the severity of
illness using physical criteria described previously.”

The temperature, heart rate, respiratory rate, capillary refill
time (CFT) were noted by the pediatric registrar on duty. CET
was measured on the sternum or on a digit held at the level of
the heart after blanching pressure was applied for 5 seconds.
Consciousness was assessed using AVPU score. Non-invasive
blood pressure was recorded using blood pressure monitor
(Gresby oscillomats 900; Gresby, Watford) with the cuff
covering over 75% of the length of the upper arm and SpO,
was measured with a saturation monitor (Simed S-100 C,

Bothell WA 98011).
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For purposes of PRISM scoring, arterialized capillary heel or
arterial blood was used for determining blood gas values.
Standard laboratory techniques were utilized to measure blood
levels of total bilirubin, potassium, calcium, glucose,
prothrombin time and partial thrombin time. The FiO,
required to maintain SpO, > 90% was measured.

Statistical Analysis

The validity of the SICK score was tested by predicting
outcomes in the validation data set. Its performance was
assessed using goodness-of-fit tests (Hosmer-Lemeshow Chi-
square). The predictive ability was tested by looking at the
receiver operating characteristic (ROC). The predictive ability
was also evaluated for performance of the predictor by
comparing observed and expected mortality rates over the
range of mortality risk strata. Comparison was also done looking
at ROC using PRISM scoring in the same group.

Results

A total of 125 children admitted ICU children were studied.
23 died and 102 survived their stay in the ICU. Table 3 shows
the numbers that survived and those that died at different
SICK scores. With a SICK score < 1 mortality was 0%, which
gradually increased to 100% with a score of <7. The sensitivity
of triage score at 0 was 100% with 0% specificity while at score
<7 the sensitivity was 4.75% and specificity was 100%.

Table 4 shows the number of deaths predicted at different
scores. Overall 23 deaths were predicted and 23 deaths were
observed. The ROC curve developed using different cut off
points had 76% of area under curve, indicating good predictive
ability of the score [Figure 1].

Comparisons were also made with the PRISM score. Table 5
shows the outcome of the children at various scores using the
PRISM scoring system. The sensitivity gradually decreased to
0% and specificity increased to 100% as score increased to 42.
The predicted and observed mortality for different scores are
shown in Table 6. The sensitivity of predicting outcome using
PRISM was 100% at score 4 with specificity of 7.8%. The area
under the ROC curve was 78% [Figure 2]. Thus we found that
the outcome of the patients admitted to pediatric ICU was
predicted by SICK scoring with nearly the same accuracy as
demonstrated by the PRISM score.

Table 3: Showing numbers of death at different SICK
score in this validation study

Sick score Discharge status Total
Improved Died
0 5 0 5
1 17 1 18
2 32 4 36
3 30 4 34
4 14 5 19
5 4 6 10
6 0 2 2
7 0 1 1
Total 102 23 125
103 =
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Table 4: SICK score

Goodness of prediction model, with the predicted and observed survival and mortality

Sick score Total numbers Deaths Alive

Observed Expected Observed Expected
0-1 23 1 0.71 22 22.29
2 36 4 2.65 32 33.35
3 34 4 5.61 30 28.39
4 19 5 6.27 14 12.73
5->5 13 9 7.77 4 5.23

Hosmer-Lemeshow Chi-square = 2.29 3d.f.
P= 0.51

Discussion

In this validation study we found the SICK score is as good a
predictor of mortality as the PRISM score. The ROC in the
development cohort had been 0.8. In this validation study it
was 0.76. The difference in ROC between development and
validation samples is similar to a study published recently on
Pediatric Risk of Admission, where the ROC was 0.822 in the
first study and 0.774 in the validation study.!"” Pollack et al®
have shown that a similar relationship exists between
physiological instability and outcome across different intensive
care units. We have previously shown that PRISM score related
mortality in our unit is comparable to the predicted mortality
described internationally."’ And the SICK score has some
advantages over PRISM score. The SICK score can be
determined immediately on presentation to the emergency
department. This allows the score to be used to prioritize care
in more seriously ill patients. The PRISM score on the other

Table 5: Outcome of patients with PRISM score
assessment

PRISM Score Discharge status Total

Improved Died
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hand is calculated from the most abnormal values in the first
24 hours. Considering the fact that mortality depends on the
quality of care received in the first 24 hours of being critically
ill,"% this window of opportunity to act aggressively in the first
24 hours is lost by the time the PRISM score is available.

WHO has developed emergency triage, assessment and
treatment (ETAT) guidelines for triage in developing
countries.'® The drawback with ETAT is that it requires a
specific training for the doctors and other health care staff to
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Figure 1: SICK score ROC curve in this study

Area under ROC curve = 0.7841
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Figure 2: PRISM score
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Table 6: Goodness of the prediction model for PRISM score
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PRISM Total numbers Deaths Alive

Observed Expected Observed Expected
0-4 10 1 0.7 9 9.3
5-9 42 3 4.7 39 37.3
10-14 45 5 7.7 40 37.3
15-19 19 8 5.3 11 13.7
>20 9 6 4.7 3 4.3
Hosmer-Lemeshow Chi-square = 2.29 3d.f.
P= 0.51
be implemented. It has been our hope that the SICK score could References
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safe discharge home, from the ED. This form of triage in the
ED setting is sometimes referred to as ‘super-triage’." The score
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care of the patients, were aware of the abnormal variables in
the child they were treating and also the underlying hypothesis
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later, covering all children presenting to health care workers.
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