EVALUATING PEDIATRIC RISK OF MORTALITY
(PRISM) SCORE IN A PEDIATRIC CRITICAL SETTING:

A PROSPECTIVE OBSERVATIONAL

STUDY IN

CHILDREN’S MEDICAL CENTER

M. Kadivarl, §. Nowrbakhsh!, K. Nouril, P, Semadi Khemeneh!

1) Department of Pediatrics, School of Medicine, Tehran University of Medical Sciences, Tehran, Iran

2) Depariment of Medical Statistics, Tehran University of Medical Sciences, Tehran Iran

Absiract - The pediatric risk of mortality (PRISM) score is a
megsure of illness severity based on abrormalities obierced on
bedside evamination and loborafory assessment af Pediatrie
Intensive Care Unit (PICU) admission to predici mortality
probability, Qur study was performed on 205 patients who weee
admitted to PICU of Children's Medicel Center (CMC) over a
period of 6 months,

Date were recorded prospectively from observations of the
time of admission in PICU and PRISM score was measured al
admivsion (PRISMa) and after 24 hours (PRISMI). The
maortality probebility ralsed from 0 af low scores, approaching 1
above o PRISM score of near 0. Based on PRISMa score of
T1.36, (euteaff point), patients were divided ir two groups; 71%
with low rick and 29% high risk of mociality, whe had
slgrificant differences in lemgth of stay fa ICU, admirsion costs
and mortality rafes. Other variahles such as referring from other
cemters, mechanical ventilation ot admission, amd leegth of stay
in JCU had a significant stafisticol reletion with mortaiity rate,

For dutn obtoined, obverved mortalily rales were mesr
similur to predicted. Although pre-TCU PRISM score cannot be
wred as a single certafm predictive valee, but it ix useful in
predicting severity of illness ard mortality probability. Further
imvestioations i5 required to determine the effectiveness of
PRISM seores in our couniry,
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INTRODUCTION

The major role of intensive care unit (TCU) s life
supporl of patients who suffer from severe physiological
dysfunction. ‘Thesc special cares are performed by
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modern technology and require multidisciplinary group.

Therefore, management in 1C1 is expensive, so thal
ICU cosls account for approximately lwenty percent
{20%) of the hospital costs (1), For this reason some
efforts have been done to adjust the health care
expenditures to give cfficient life supports with lower
costs or to admil some of the patients of Pediatric
Intensive Care Unit (PICU) in the other unis of
hospitals which have lower expenses, provided that they
don't need any special therapies or their illness is not
severe ((1,2).

It is very important to be able to describe how sick
a group of patient is. Severity of illness scores are
needed o discover the best way to organise pediatric
intensive care, to assess the relationship between
severity of lllness and cost, and 10 monitar the effects of
changes in practice (3-8). On the other band, for
evaluating 10U expenditures and the quality of 1CU
cares, determining severity of illness is necessary (9-12)

The pediatric risk of mortality (PRISM) scores is a
measure of fdiness severily based on abnormalities
ohserved in the bedside examination and laboratory
assessment which  is a revision of the physiclogic
stabifity index (PSI) (4.8.9). PSI was developed from

the subjective input of experts and contains 36
variables and 76 variable  ranges. The PSI was
simplified  using  multivariable  logistic  regression

techniques and the resulting PRISM  score has only 14
variahles and 23 ranges of these variabies (table 1}, The
ranges of abnormalitics are weighted using a logistic
scale according to Ltheir contribution to risk of mortality
(43,89, When scores are obtained after PICU
admission, morlality probability can be caleulated as an
empirical function of the PRISM  score (4,589,
PRISM s hased on the bypotheses that physiologe
instahility directly reflects  mortality risk and does not
depend on diagnosis (4],



Recently & third generation of PRISM score is used,
which is a physiologic-based score  for  quantifying
physiological status (13). This PRISM may be used for
a warlety of purposes including estimating PICU care
trait mortality risk based on admission (PRISMa) and
the first 24 hours of PICU staying (PRISMILY,
estimating  risk-adjusted  length of PICU stay and
quantifying  severity  of illngss for other  purposes
{13,14). The strength of new generation of PRISM is as
a parsimonious model o predict PICU survival or
death (13). The new gencration of PRISM score (acule
physiologic state) is more sensitive 10 minor physiologic
changes and infact it shows the physiclogic instabilities
(13,15).

Mortality prediction models are often used 1o test
the standard of care in a particular intensive care it
by calculating the standacdised mortality rate of the
unit’s palients with the expected rate (10,11,167.

This stucly, was done on patients who were admitted
in FICU of Children's Medical Cenler (CMC) during 6
months in 1998, The goal in this investigation was 1o
assess  physiologic - based  scverity of illness in
comparison 1o PRISM score al the time of admission,
The premise is that such a method will be better suited
1o detedt changes in physiologic status in patients than
PRISM 1II, which has been optimized to estimate
mortality risk.

MATERIALS AND METHODS

Data were collected  prospectively on consecutive
patients admitted to the PICU .of CMC, Tehran
University of Medical Sciences, in 1998 during 6
manths. This unit has 7 active beds for children maore
than one month old. All of the ICU beds have cardiac
and respiratory monitoring and the temperature and
blood pressure of each patient is controlled every hour,
All of the admitted patients were evaluated and each
readmission was considered as a new casc. The data
collection and PRISM  score determination for each
patient was done by the responsible physician, at the
tume of admission in PICUT and thereafter daily. Initially
the pilot study was done on 65 patients in one month to
evaluate these system and solve the problems. For each
palient, data which were collecied and measured
included age (month), sex, outcome {death ar survival),
primary diagnosis (hased on data available within the
first 24 hours), duration of illness (acute or chronic),
surgical status, mode of admission at hospital (direct or
referral), length of stay, and use of mechanical
ventilation during the first 24 hours of care,

Physiologic data collection included; systolic and
digstolic blood pressure, hearl and respiratory rate,
temperature, state of conaciousness [(Glasgow  coma
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seaje less than & or stupor or coma), pupillary reaction,
size of pupils and their conjugation, blood sodiom,
potasiom, BUN, calcium, glucose, direct and  total
billirubin, creatining albumin, bemoglubing WBC and
plattelet counts, I, FTT, arierial bleod gas (pH,
PCO,, PaOs) with simultancous FIO- (Table 1),

The PRISM score was determined on the basis of
invohvement of 7 organ systems and abnormal variables
were classified from 1 w0 8 relaling 1o the severity of
dysfunction. Zero score was when the accounted
vartuble of any patient didn’t meet the described range.
Only the mest abnormal values ohserved at the time aof
admission and during the first 24 hours of the PICU
stay  were  used  for PRISM score which  were
respectively  PRISMa and PRISMI. The mortality
probability relation with pre-ICU PRISM  score
represents this equation:

P=ef {( 1+e7) B

The mortality probability rises from near zero at low
stores (mildisunvival), approaching one (severe/death)
with a sigmoid curve showing intermediate risk of
martality, In this equation "r" is an cmpirical function of
pre-1CU PRISM score

r = (L197 PRISMa - 473 2

Considering paticnt’s age and surgical condition, "r

is computed using this formula:

r = 0.207 PRISMa - (L0035 agc (month) - 0,433 surgery
state - 4752

Where PRISMa is PRISM at the time of ICU
admission and in which operative status is 1 if the
patient was postoperative and 0 if not. Morality
prediction (F) abtained using this model and comparing
it with observed mortality rate in PICU with Fisher test
and Chi sguarc results in evalualing the PICU
condition. In all statistical comparisons, the difference
were significant when Poalue < 005,

RESULTS

During the 6 months period, 205 patients were
admitted in PICU of whom 89 were girls (43%) and
the rest were boys (37%), The age of patients varicd
from 1 month to 14 years, with the mean age of 36
months, Most of the admitted children were under 1
year old {465,

The diagnesis of  admitted patients were different,
in which cardiorespiratory diseases, melabolic disorders
and  gastrointestinal  diseases  were  the  most
common (12% each of these proups). In those 205
patients, only 16 children were  referred  cases



Evaluating PRISM score

Table 1. The pediatric risk of mortality (PRISM) score

Wariahle Age Restrictions and Ranges Scores
[nfants Children All Ages
Sysiolic BF 130-160 150200 Z
mmkHg 55.65 65-75 2
= il = 200 &
40054 Sih-64 [
== Al = Al 7
[Mzstolic BP
(mmHg) = 110 fi
Heart Rate
(heats/min = 140 = 150 4
< 9 < B0 4
Respiratony Rate
{(breaths/ming a1-90 51-T0 1
= 0 = T 3
Apnes Apnea 3
PaCr2/F1oz” 200300 2
< 200 3
Pacoz™
(mmHg) 51-05 1
I 5
Cilascow Coma Scorcia < H [
Pupillary Hesctions unegual or dilated 4
fixed or dilated 1k
PT/PTT = 157 conirol z
Total Bilirukin Level
(mg/dl) = 354 G
Polassium level
(mEg1y 3035 1
.5-7.5 1
< 30 5
=75 L1
Caleum level T.0-RA -
(mgdly 12.0-15.0 2
< 7.0 L
> 150 fi
Glucose level
(mgsdly A01-64 4
250-400 4
= ) ]
] 5
Bicarbonate level 1]
(mEgT < 14 3
> 32 3

* Cannol be assessed in patients wilh intracardiac shunls o chronic respiratory insufficicncy. Use arterial blood,

** May be assessed with capillary blood gases.

Cffi' assessed only if there is known or suspected central nervous system dysfunction. Cannot be assessed in paticnis during such
condilions as iatrogenic sedation, paralysis, and anesthesia, Scores less than 8 correspond o deep slupor or coma.

I sedation or paralysis continues throughont the first 24 hours, the latest pre-ICU coma assessment may be used,

# Greater than 1 montl.

IT : Use measured walucs

from other hospilals (8% 13 patients were in {24%). The total length of stay in PICU) was 844 days,
postoperative status (6% and 50 cases had undergone with a mean of 41 days. For all of thesc patients
mechanical ventilation in the fiest day of admission PRISM score were determined, and the mean of
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PRISM score of the patients wias 9.6 (Table 1)
Crenerally, death occared in 45 patients (21.3%). The
charactenstics such as age, length of stay, PRISMa and
PRISMI scores are shown in fable 2, then the relation
between observed and different variable were studied
(takle 3). Based on this rable, wvariables which had
significant relations with observed death were referral
from ather hospitals, previous history of surgery and
mechanical ventilation (P < (L05). There was a
statistical relation Between observed deaths and acule
illness at time of admission (P < 0,03), Later, Fisher
method wias used tor prediciing death {table 4).

Table 2. Characteristics of pediatric intensive care unit
(PICLY patients in both high {Death = 1% and low

(Death = ) risk group; [mean = SO by groups)
Wariable Death = 0 Death = 1
age {month) oA 443 205 & 303
days in 1C0 37z 49 57 % 6l
PRISMaA Rl £ 50 151 £ 7.7
PRISMI 34 =

Table 3. Comparing variables in both high {(Death = 13 and
low (reath = 0 risk group of paticnts in pediatric intensive
care unit (PICUY

Warable Death = 0 Death = 1
sex (FLM) 7288 17,28

age [=lyear =1 vear] 74.86 2520
referral (yes, no)” 6,154 10,35
postap (yes,na)” 13.147 0,45

acute Dy (1-4)° 100,34,12,14 251930
cheonic Dy (1-6) 283430191732 £E55127
mechanical {ves, no)” 22,138 2914

vendilation

* P ovalue < 005
1. newralogic disorders, 2, pulmonary discase, 3, metabolic
disorders, 4. cardiovascular problems, 3. gastrointestinal
diseases, & others

According to this results, referral patients from
other hospilals, mechanical ventifutions and length of
stay in PICU had a significant statstical relation with
mortality rate (table 3). These resulls were also
confirmed by logistic regression method, To assess the
efficiency of PRISM score in predicting death in
paticnts, the statistic analysis were done which the
relation between PRISMa PRISM1 and occured death,
was significant (Y < (L05), Figure 1 shows the effect
of increasing PRISMa score on death probability and to
define cul-off point for classification on the basis of
PRISM, the discriminant analysis method is used. In
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such model, PRISM score wus used as a wariable tor
predicting death and it became clear that, when the
PRISMa score was 1130 or less, the case helonged w
rhe low risk group with more survival possibility (death
= ) and otherwise 1t belonged to high risk group
pdeath = 13 On the other hand, by means of PRISMI,
weocan draw this curve, too, in which increasing only
cne unit to PRISML cavses in L7 increase i the
mortality risk (17g. 2,

Table 4. Estimation of predictors of mortality in logistic
regression analveis in pediatric intensive care unit (FICUY
paticnts

Variable Parameter adds B owalne
estimate Tatisy ()

age 0,00 .00 032
sCX D30 £ (.35 0.74 0.39
referral 199 + 0,55 733 00003
duralion Ok & 0003 1.07 1.0
PRIEMa 0.17 £ 003 1.18 (F0HiT
PRISMI 53 + 008 1.7 0,00 |
ventilatain 243 x 039 11.37 IR
postop 1349 = 425 000 0975
acue Dx 091 = 02 0.9] Ih
chrome [Dx a7 2 (L0Us 1.07 (kA5

Raskaluty Piotalin liey
oo
oo

I i :
aa | i T i
b r : i :

. o |
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PRISN

Fig. 1. Effects of PRISMa {admission) on Moriglity
Probability

Estimate of PICU mortality probatulity varying from 0 o
1 with cut-off point PRISM = 1136,

The enrve represents the equation: P = e (1+e). Dots
are compuled poing on the curve for each value of PRISM
soare. Data were obtained from 205 patients,

Finally according to PRISMa more or less than
1130, the patients were divided in two groups: low risk
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and high risk (figure 33, 145 cases were in low risk
group (PRISMa < 11.368), whose average length of stay
wers 3.5 days and their expenditure were less than the
60 patients  who were  in high  risk  group
(PRISMa = 11.36), with & mean length of stay of 5.6
days (P.V = 0.07),

18 1‘-””;—

0

na

0l - : i

0E

13 +

[ ¥ o

o3

socLality Peobahilioy

4

7
s

[ 5 14 LE] Eud 4 ] -]

oz

(=R}

(-1} i i

BRdEM

Fig, 2. Effects of PRISMI on Mortality Probability

Estimate of FICU mertality probability varving from O 1o
1 with cut-off point PRIGM = 11.36.

The corve represents the equation: P = ef(1+ef). Dots
are compuled points on the curve for each value of PEISM

soore. [Dala were oblained from 205 patients.

DISCUSSION

The PRISM score was developed by Pollack and
co-workers (34,5), This score can describe the severily
of illncss on the basis of patient’s  physiologic
dysfunction which 18 obtwined  from physical  or
labaratory examination (lable 13 (8). The PRISM score
5 obtained as the sum of the individual phsiological
derangement  scores, in which  cach of them  has
relationship  with  the martality rate (6], Pollack’s
ohservation demonstrated that the patient’s age and
posloperative slatus alse contributed to their length of
stay m PICU [3.8,16).

The estimates of PICU mortality reporled by
Pollack and co-workers were obtained by assuming 2
relationship between death and illness severity, which
demonstrated goed mortality prediciion performance in
g seperate group of PICU patients (14

In our study, we have made most of Lthe same
assumption for the pre-1CLN sening, as did Pollack and
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co-workers. But in this study, in addition 1o PRISM
soore at admission, PRISM score after 24 hours of
admission was considered, (oo, Simullaneously  the
relation between individual variables were assesssed oo
(tahle 3 and 4).

To determine the significant relations between these
variables and mortality rate, many different statistical
methods were used (logistic regression, discriminant
analysis, Fisher test), Our data indicate thal hospital
mortality probability of nfant and children can be
estimated by observations of illness severity (FRISM
score]. In this study the predicted mortality rate (hased
on PRISM  score) did not have any  statistical
differences in comparison with observed mortality rate
(Pwalue = 00013 The difference belween mortalily
rates was dependent to patient's different physiologic
dysfunction, which was determined by the PRISM
score. The efficacy of this score as a predictor of death
did not have any relation 1o age, the wype of illness and
length of stay in PICT, tat it had a close relation with
referral [rom other hospitals, mechanical ventilation at
the admission day and surgical status (PAV=005). In
fact this study demonstrates that physiologic unstability
(aceountable by PRISM score) s the primary variable
with mfluence on children’s mortality rate, and making
decision on needs of patients (o be admitted in PICU
should not be done on the hase of patient’s age or
primary diagnosis, which was confirmed in previous
studies oo (3-9, 17-19) This can belp 10 assess the
effectiveness of treatment on the basis of severity of
illness and meanwhile estimates hisher length of stay
and cost (7). Therefore it became clear that when the
PRISMa score s considercd, the paticnts with a score
less than 1136 are in low risk group and  their
possibility of death is declined, with a sensivily of about
70% (figure 1 and 2). In comparison, the PRISMI
(FRISM after 24 hours admission) has more sensivity
{901%) and patients with PRISMI score less than 10 are
in low risk group. In another study a PRISM score of
aboul 10 could differentiate low risk groups {rom high
risks (13].

The ability to estimate mortality possibility at [CL
admission may have clinical use in the care of individual
patients. After stabilization of a sick child in hospital, an
abjective cstimate of mortality risk wouold allow the
identification of high risk patienls whose problems will
need more specialized cares or may need (o be
trunsported too g more equipped hospital (16,18],

It should be noted that, this study must not justify
triage decision or o exclude patients from recieving
intensive cares because of their low pre-ICUT PRISM
scote, All of the patients in this study, whether with low
FRISM score or high, were admitted in PICLL
Estimating mortality rate in ong patient’s group cannol
be extended 1o other groups, becaose there are many
different factors other than chnical signs, which have



cffect on paticnts outeome and a multiplicty of factors
musl  be considered by experienced  clinicians  in
decision, other than PRISM score.

On the other hand, any error in measering a
variable [more or less than actual amount), can cffect
the PRISM score. Specially, measuring of FRISM
seores less than true amounts, would cause a severg
hmmtance on performance of his seore, by predicting
mortality rate more than reality and  placing  more
puticnts in high risk group, Alsa, the effect of reatment
on PRISMa score cannot be ruled oul. An effective
freatment on the patient who was very ill at admission
with high PRISM score, can result in no death, in spite
of his high possibility of death. In these condilions
PRISM1 score s more suvilable (14), Also admitted
patients, specially those who are Hl, are exposed Lo
secondary incidents, which can resull 0 noreasing
muortality rate (11,19

In conclusion PRISMa score ability in predicting
mortality rate and classification of patients into high and
low risk growps, can be used as a good predictor o
determine the severity of iliness and consequently it has
aoprear effect on decision  about  admission  and
rreatment in PICUs. Hy using this moethod  some
patients can save their money and time, by admitling in
other suituble and cheaper unils of hospitals. On the
other hand the effectiveness of inlensive cares which
are done in PICUs and their therapies can be assessod
and controlled. Therefore, it cun improve the gqualily of
PICTs, so that the rate of wsefullness and effective-
ness of PICU: can be easily determined.
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