
ii 

The pediatric risk of mortality III 
Acute physiology score (PRISM III-APS): 
A method of assessing physiologic instability for 
pediatric intensive care unit patients 
AIurray AlL Pollack, AID, Kanti[al A/L. Pate[, PhD, and Urs E. Ruttimann, PbD 

Objective: To develop a physiology-based measure of physiologic instability for use in 

pediatric patients that has an expanded scale compared with the Pediatric Risk of 

Mortality (PRISM) III score. 

Study design: Data were collected from consecutive admissions to 32 pediatric ICUs 

(11,165 admission, 543 deaths). Patient-level data included physiologic data, outcomes, 

descriptive information, and diagnoses. Physiologic data included the most abnormal 

values in the first 24 hours of pediatric ICU stay from 27 variables. Initially, ranges of 

each physiologic variable were evaluated for their association with mortality. A multi- 

variate logistic regression analysis was used to determine the final variables and their 

ranges. Integer scores reflecting the relative contribution to mortality risk were as- 

signed to the variable ranges. 

Results: A total of 59 ranges of 21 physiologic variables were selected. This score is 

called the Pediatric Risk of Niortality I I I - -Acute  Physiology Score (PRISM III-APS). 

Mortality increased as the PRISM III-APS score increased. Most patients have 

PRISM III-APS scores less than 10, and these patients have a mortality risk of less 

than 1%. At the other extreme, the mortality rate of the 137 patients with a PRISM 

III-APS score of greater than 80 was greater than 97%. 

Conclusion: The PRISM III-APS score is an expanded measure of physiologic insta- 

bility that has been validated against mortality. Compared with PRISM III, PRISM 

III-APS should be more sensitive to small changes in physiologic status. (O Pediatr 

1997;131:575-81) 

Accurate and reliab]e prognostications are 
important for decision making. In most cir- 
cumstances, subjective prognostic estimates 
(clinical judgments) use clinical and labora- 

tory data that have not been objectively cal- 
ibrated to maximize prediction perfor- 
mance. When objective prognostic estimates 
are available, they most commonly derive 
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from relatively simple data. For example, 
survival information for many tumors can 
be made by considering the tumor type, its 
stage of disease, and recent experience with 
available therapies) Objective risk esti- 
mates may also use clinical and laboratory 
data that are statistically manipulated to 
maxfmize outcome prediction. A multivari- 
ate statistical approach is essential when a 
large number of variables that are related to 
each other in complex ways are involved. 

Mortality risk predictors are available for 
pediatric, adult, and neonatal ICUs. 2-7 
Disease-specific outcome predictors are also 
available for conditions such as sepsis. 8 In 
pediatric intensive care, the Pediatric Risk 
of Mo~l i ty  (PRISM) III score is a third- 
generation, physiology-based score for 
quantifying physiologic status. 3 PRISM III 
may be used for a variety of purposes, in- 
eluding estimating PICU care trait mortali- 
ty risk based on the first 12 hours (PRISM 
III-12) or 24 hours (PRISM III-24) of 
PICU stay, estimating risk-adjusted length 
of PICU stay? and quantifying severity of 
illness for other purposes. The strength of 
PRISM III is that it was developed using a 
parsimonious model to predict ICU survival 
or death. That is, statistical criteria deter- 
mined the fewest variables that would max- 
imize the prediction performance of the 
model. This resulted in a score with only 17 
physiologic variables broken down into 26 
ranges. The main benefits of a parsimonious 
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approach are the protection against "over fit- 
ting" the model and the brevity of data col- 
lection. Although this approach is most ap- 

plicable to the assessment of groups of 
patients (e.g., to assess institutional perfor- 
mance), the small number of variables and 
variable ranges makes it less desirable for 
quantifying small differences or changes in 
an individual patient's physiologic status. 
Quantification of overall physiologic insta- 

bility is relevant to many issues, such as in- 
vestigating the effects of various therapeutic 
interventions. 

Therefore our goal in this investigation 
was ~o develop a model for assessing physi- 
ologc-based severity of illness that would in- 
elude more variables and more ranges of 
these variables than our previous PRISM 
III models. The premise is that such a model 
will be better suited to detect or track subtle 
changes in physiologic status in individual 
patients than PRISM III, which has been 
optimized to estimate mortality risk. The 
new score will be termed the PRISM III- 
Acute Physiology Score (PRISM III-APS). 
It was designed to have a broad severity 
scale from 0 to 356, with the higher values 

indicating higher instability. 

METHODS 

Site Selection 
Details of the site selection procedures 

for the 32 study sites, data collection is- 
sues, and other analyses on this data set 
have been previously published. 3'10'll 

Sixteen of the PICUs were selected using 
a stratified random selection process and 
16 were volunteer units. Data collection 

occurred from December 1989 through 
Janua ry  1992 and from Janua ry  1992 
through December 1994 in the random 
and volunteer units, respectively. 

Patients 
Consecutive admissions to each unit 

were included. Readmissions to the PICU 
during the same hospitalization were ana- 
lyzed as separate patients because each 
admission presented a separate opportu- 
nity for an outcome. Excluded from the 
study were (a) admissions for recovery 
from procedures normally cared for in 
other hospital locations, (b) patients stay- 
ing in the unit less than 2 hours, (3) pa- 

tients transferred from the study PICU to 
another ICU because their outcome could 
not be clearly credited to either ICU, and 

(d) patients admitted in a state of contin- 
uous cardiopulmonary resuscitation who 
did not achieve stable vital signs for at 
least 2 hours. Ope ra t i ng  room deaths 
were included as an ICU death if the op- 
eration occurred during the unit stay and 
was a therapy for the illness requiring in- 
tensive care. Terminally ill patients who 
were transferred from the PICU for 
"comfort care" after discontinuation of an 
intensive care technology (e.g., mechani- 
cal ventilation) were included as PICU 
patients for the 24 hours after ICU dis- 

charge because 24 hours is a routine ob- 
servational time after technology is dis- 
continued. Terminally ill patients 
transferred from the PICU for comfort 
care while technologic support was main- 
tained were included as ICU patients 
until 24 hours after the technologic sup- 
port  was discontinued. Patients trans- 
ferred out of the PICU with technologic 
support, who were not considered termi- 
nal (e.g., chronic mechanical ventilation), 
were classified as intensive care survivors. 

Each site collected data on consecutive 
admissions. When the last death in each 
site's sample occurred, all patients admit- 
ted before that death remained in the 
study. All units submitted patient logs. 
These logs were assessed to ensure data 
completeness: at least 97% of patients 
were included, and none of the missing 
patients died. 

Data 
Patient-level data included the follow- 

ing information: age, sex, PICU and hos- 
pital outcomes (survival, death), diagnosis 
based on data available in the first 24 

hours, elective/emergency status, opera- 
tive status, clinical service of primary re- 
sponsibility, admission source (same hos- 
pital nursing unit, referral hospital 
nursing unit, home, physician office/clin- 
ic), transportation to the hospital by an 
organized transport  system (helicopter, 
fixed wing, ambulance, none), previous 
PICU admission during the current hos- 
pitalization, cardiac massage before the 
ICU or hospital admission, and selected 
critical care modalities used in the first 24 
hours of the PICU stay. Admission diag- 
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noses were determined from admission 
day information. 

Physiologic data included the most ab- 
normal values in the first 24 hours of 
PICU stay. The variables included in the 
initial data set were either significant or 
approached statistical significance in pre- 
vious studies. 2'12 The data consisted of 
systolic and diastolic blood pressure, 
heart rate, respiratory rate, temperature 
(oral, axillary, or core), coma status, 
pupillary reactions, pupillary size and 
equality, sodium, potassium, total CO 2, 
total and direct bilirubin, total and ionized 
calcium, glucose, blood urea nitrogen, 
creatinine, albumin, hemoglobin, leuko- 
cyte count, platelet count, prothrombin 
and partial thromboplastin times, pH and 
Pco  2 (arterial, venous, or capillary), and 
arterial Po  2 with a simultaneous F io  2. 
Whole blood and serum/plasma measure- 
ments of sodium, potassium, and glucose 
were also collected. For variables where 
both high and low abnormalities may re- 
fleet increased mortality risk, we collected 
both the high and the low values; thus 
both high and low values of the same 
physiologic variable could contribute to 
s e v e @  of illness. Heart rate, respiratory 
rate, and blood pressure were not includ- 
ed at times that crying or iatrogenic agita- 
tion was noted. Mental status was includ- 
ed only for children with known acute 
central nervous system disease, or when 
acute central nervous system disease re- 
suiting from an acute, systemic event 
(e.g., hypoxia, hypotension) was a possi- 
bility. We did not include mental status as- 
sessments for the 2 hours after sedatives, 
paralyzing agents, or anesthetic agents 
were administered. If patients were sedat- 
ed or paralyzed during the entire assess- 
ment period, the mental status assessment 
most proximate to PICU admission with- 
out sedation, paralysis, or anesthesia was 
used (usually in the emergency depart-  
ment). Altered mental status was defined 
as a Glasgow Coma Scale score of less 
than 8 or a clinical classification of stupor 
or coma. 

We did not include physician-con- 
trolled variables such as oxygenation 
index because variability in care practices 
can alter the values. Similarly, we exclud- 
ed variables such as Paoy/Fio 2 because 
tracheal F io  2 is often difficult to deter- 
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mine accurately in patients who are not 
tracheaHy intubated. 

For patients dying within the first 24 

hours of PICU care, physiologic data ac- 
cumulated during the preterminal period 
when death was obvious were not includ- 
ed (usually, the last 2 to 4 hours of life). 
Routinely, at least the last 2 hours of data 
for these deaths were not considered. 

The reliability of the data collection, 
entry, and verification processes was for- 
mally checked by reabstracting a random 
selection of more than 23 cases from each 
institution after completion of the initial 
data collection. The reabstradtions were 
subjected to the identical processes of 
data entry and verification, and PRISM 
scores were recalculated. Institutions 
were included if the intraclass correlation 
coefficient of reliability 13 for their abstrac- 
tion/reabstraction of PRISM scores was 
more than 0.80. All the initial set of 16 
sites met these criteria. The 16 volunteer 
sites were selected from 18 sites, 2 of 
which did not meet these criteria and 
were eliminated. 

Statistical Methods 
Initially, each of the possible explanato- 

ry physiologic variables was independent- 
ly evaluated for its association with PICU 
mortality and for determination of clinical 
and statistical significance of its ranges. 
This univariate assessment was identical 
to that used in the first stage of developing 
the PRISM III-12 and the PRISM III-24 
scores. 3 First, 11 ranges for each of the 
continuous physiologic variables (e.g., 
blood pressure) were determined from 
the observed percentiles in the survivors 
(<5%, 5% to 10%, 10% to 20%, 20% to 
30%, 30% to 40%, 40% to 60%, 60% to 
70%, 70% to 80%, 80% to 90%, 90% to 
95%, >95%). Unmeasured variables were 
assumed to fall in the survivor's 40th to 
60th range. Most variables are routinely 
measured and are all routinely available. 
In addition, measuring frequencies of 
these physiologic variables are little af- 
fected by institutional practices. 14 The re- 
sulting range limits were sometimes ad- 
justed to reflect a similar but more 
clinically relevant value. For categorical 
or nominal variables (e.g., pupillary reac- 
tivity), categories of abnormality were 
compared with the normal category. 

When normal ranges varied substantially 
by age, they were adjusted for the follow- 
ing age ranges: 0 to 1 month, 1 to 12 
months, 12 to 144 months, and more than 
144 months. Age-adjusted variables in- 
eluded systolic blood pressure, diastolic 
blood pressure, heart rate, respiratory 
rate, blood urea nitrogen, creatinine, albu- 
min, bilirubin, hemoglobin, prothrombin 
time, partial thromboplastin time, and 
Pao 2. These ranges were used to calculate 
odds ratios for mortality (mortality odds 
ratio) by univariate logistic regression 
analysis. The mid-range of the survivors 
(40th to 60th percentile) for each of the 
continuous variables constituted the base- 
line reference group. That is, the odds ra- 
tios were expressed with respect to the 
mid-range of each variable observed in 
the survivors. 

Second, the odds ratios of neighboring 
ranges were compared to determine 
whether the ranges could be combined. 
Ranges were combined when the coeffi- 
cient's p value was greater than 0.25, 
when the coefficient was negative, and 
when coefficient values were similar. 
Ranges adjacent to the survivor's 40th to 
60th percentlies were pooled with the sur- 
vivors' mid-range, if indicated, and in- 
eluded in the mid-range in subsequent 
analyses. This process yielded 22 physio- 
logic variables partitioned into 78 ranges, 
with the importance of each range quanti- 
fied by the MOR. In this analysis, the 
M O R  reflects a patient' s mortality risk 
when only the data of a single variable are 
considered and the risk is referenced to 
the survivors mid-range. 

Third, a multivariate logistic regression 
analysis was used to reweigh the MORs 
determined in the univariate analysis. 15 
The data set was randomly partitioned 
into a training sample comprised of 90% 
of the database from which the predictor 
was developed and a validation sample of 
10%. Stepwise forward and backward 
variables selection procedures with a vari- 
able inclusion criterion ~o _< 0.25) was ap- 
plied, and both methods resulted in the 
same variable selections. The regression 
coefficients from the final multivariate 
model were multiplied by 10 times the 
M O R  and rounded to the nearest integer 
to yield the score for the corresponding 
physiologic range. The sum of these 

scores for 59 ranges of 21 physiologic 
variables is called PRISM III-APS. The 
overall performance of the model was 
evaluated by Flora's method of z scores, 
the calibration of the model performance 
was evaluated by the Hosmer-Lemeshow 
Z 2 goodness-of-fit, and the discrimination 
of the model was evaluated by the area 
under the receiver operating characteris- 
tic curve. T M  Goodness-of-fit tests were 
also performed by age and diagnosis. 

RESULTS 

Data were collected on 11,165 admis- 
sions (543 deaths) in the 32 PICUs. In the 
first set of 16 randomly selected PICUs, 
there were 5415 admissions, and in the 
second set of 16 volunteer PICUs, there 
were 5750. Data on the characteristics of 
the sites and patient samples are shown in 
Table I. The types of PICUs and patient 
characteristics in each of the ICUs varied 
widely; mortality rates ranged from 2.2% 

to 16.4%. Table II shows the descriptive 
characteristics of survivors and deaths. 
Deaths were more likely in emergency ad- 
missions, nonoperative patients, and in 
patients who had a previous ICU admis- 
sion during their current hospitalization. 

Initially, univariate analyses identified 
those physiologic variables and their 
ranges that significantly contributed to 
mortality. This resulted in 22 physiologic 
variables with 78 significant ranges (Table 
III). The M O R  are shown for those vari- 
able ranges with statistically significant 
results in the univariate analysis. Thus 
M O R  reflects severity of illness when the 
only data known pertain to the specific 
variable. The variables with the highest 
M O R  (e.g., M O R  > 30) included bilateral 
fixed pupils (MOR = 112.6), lowest sys- 
tolic blood pressure range (MOR = 60.4), 
lowest temperature range (MOR = 30.9), 
and lowest pH range (MOR = 30.1). The  
variables with the lowest M O R  (e.g., 
M O R  < 5) included the highest respirato- 
ry rate ( M O R  = 2.5), highest systolic 
blood pressure (MOR = 2.8), lowest heart 
rate ( M O R  = 3.5), highest total CO 2, 
(MOR = 2.5), highest hemoglobin (MOR 
= 2.9), highest leukocyte count (MOR = 
4.2), and lowest sodium ( M O R  = 3.0). 
Extreme deviations from normal that are 
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Figure, The Pediatric Risk of Mortality Ill-Acute Physiology Score (PRISM III-APS). 

Table I. Study sites and patient characteristics 

Table II. Patient characteristics by outcome 
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known to indicate severely ill states were 
not included because the rarity of their oc- 
currence prevents their inclusion in the 
statistical models. 

Multivariate logistic regression analysis 
using the variables and their ranges se- 
lected in the univariate procedure resulted 
in the P R I S M  II I -APS score with 21 
physiologic variables and 59 ranges of 
these variables (Table IV). The Figure il- 

lustrates the relationship of the P R I S M  
III-APS score to mortality. The PRISM 
III-APS divisions are in increments of at 
least 5, and each division includes at least 
100 admissions. Mortality increases as the 
P R I S M  II I -APS score increases. Most  
patients have PRISM III-APS scores less 
than 10, and these patients have a mortal- 
ity risk of less than 1%. At the other ex- 
treme, the mortality rate of the 137 pa- 
tients with a P R I S M  I I I -APS score of 
more than 80 was greater than 97%. 

Table V summarizes the performance of 
the PRISM III-APS score for the predic- 
tion of death in the training and validation 
samples. Overall  in the total sample, 
540.21 deaths were predicted and 543 
were observed (p = 0.885). Tables VI and 
VII show goodness-of-fit tests in the total 
sample for age and diagnostic groups. For 
age, the goodness-of-fit test indicates that 
the overall results are not statistically dif- 
ferent than expected. The number of pre- 
dicted and observed deaths were quite 
close in all age groups except the 1 month 
to 12 month group in which 153.47 deaths 
were predicted and 172 were observed. 
The number of predicted deaths in the di- 
agnostic groups were statistically different 
than observed primarily because the non- 
operative and operative cardiovascular 
patients were not accurately calibrated. 

The ability to discriminate between sur- 
vivors and deaths is estimated by the area 
under the receiver operating characteris- 
tic curve and indicates excellent discrimi- 
nation in the training sample (0.950 +_ 
0.007) and ve W good discrimination in 
the validation sample (0.902 _+ 0.027). 

DISCUSSION 

The purpose of this analysis was to de- 
velop a measure of physiologic status that 
might be more sensitive to small changes 
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Table IV.. Performance characteristics of PRISM III-APS 
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Table 17.. Goodness-of-fit test for the PRISM III-APS (10,622 survivors, 543 deaths). 

Table VI. Goodness-of-fit test for the diagnostic groups using the total sample (I 0,622 
survivors, 543 deaths). 

in physiology, even changes that may not 
contribute significantly to mortality risk. 
We anticipate that patient assessments in 
future studies for issues such as effective- 
ness of drugs or for other purposes might 
be more concerned with the changes in 
physiologic status, even if they are not 
necessarily related to changes in mortality 
risk. 

Because the development of a score 
such as this one needs an outcome on 

which to calibrate it, we chose mortality 
because it is clearly related to physiologic 
status, and the classification of outcome in 
terms of survival or death is clear. 
However, in developing this model, we 
were not concerned with maximizing 
overall prediction performance for mor- 
tality, only in providing sufficient val- 
idation data to show that h igher  scores 
indicate higher physiologic instability (in- 
creased mortality risk). Because we incor- 

porated age in the score by providing age- 
adjusted variables, we investigated the 
score's performance for mortality predic- 
tion in the various age groups. 

Other mortality prediction models have 
used a variety of other case-mlx variables 
to adjust for nonphysiologic issues, such 
as diagnosis, chronic health status, and 
lead-time bias. The P R I S M  III-12 and 
the P R I S M  Il l -24 models included ad- 
justments for specified diagnosis that re- 

flect both acute diseases and chronic 
health status, as well as other case-mix 
variables related to outcome. These ad- 
justments provide additional information 
that is not accounted for by physiologic 
status. PRISM III-APS performed worse 
for nonoperative cardiovascular patients. 

In our previous P R I S M  I l i  models, we 
specifically adjusted for nonoperative car- 
diovascular patients and also added other 
adjustments for items such as chromoso- 
mal anomalies, also common in this group 
of patients. Thus it was not surprising that 
the number of observed and predicted 
outcomes in the diagnostic distribution 
did not fit as well as the other PRISM III 
models. Therefore a P R I S M  I I I -APS 
score in one patient should not be taken to 
represent the identical mortality risk in 
another patient with the same score but 
with different case-mix variables. 

Our  data do indicate that higher scores 
indicate more severe physiologic instabili- 
ty. The data also indicate that no age bias 
is present. However, the current score 
should not be used in applications such as 
quality assessment or calculating the mor- 
tality risk for individual patients. We rec- 
ommend other P R I S M  II I  models for 
these calculations because they were de- 
veloped and calibrated specifically for 
that purpose and they perform exception- 
ally well at providing this information. 

A by-product of this analysis was the 
provision of MORs for individual vari- 
ables. Table III  provides odds of dying 
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compared with patients within a "normal" 

range (the mid-range of  survivors). In 

clinical medicine, we often consider the 

impact of certain data elements on our es- 

timation of severity of illness. For  exam- 

ple, specific components of the neurologic 

examination have greater prognostic sig- 

nificance than other aspects in the context 

of head injury, coma, and a variety of ante- 

natal and perinatal conditions. 19-25 We 

have provided relative risks when  one 

variable at a time is considered and within 

the context of diseases and conditions in 

our database that were treated. Although 

this does not  directly give clinical risks, it 

does compare the relative importance of 

various physiologic derangements and our 

ability to treat them. Future analysis will 

attempt to create more clinically relevant 

clusters of physiologic variables for the es- 

timation of morality risk. 
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