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ABSTRACT

OBJECTIVE. To assess the Pediatric Risk of Mortality (PRISM, PRISM III-12, and PRISM
III-24) systems and the Pediatric Index of Mortality (PIM and PIM2) systems for
use in comparing the risk-adjusted mortality of children after admission for pedi-
atric intensive care in the United Kingdom.

METHODS.All PICUs in the United Kingdom were invited to participate. Predicted
probability of PICU mortality was calculated using the published algorithms for
PIM, PIM2, and PRISM and compared with observed mortality. These scores, along
with PRISM III-12 and PRISM III-24, whose algorithms are not published, were
optimized for the United Kingdom.

RESULTS.Of 26 PICUs in the United Kingdom, 22 (85%) were recruited, and suffi-
cient prospective data were collected from 18 (69%) units on 10 197 (98%) of
10 385 admissions between March 2001 and February 2002. All published tools
were found to have poor calibration but provided good discriminatory power.
After estimation of UK-specific coefficients, only PIM2, PRISM III-12, and PRISM
III-24 had satisfactory calibration. All models provided good discriminatory power.
Funnel plots for all of the recalibrated models indicated that the risk-adjusted
mortality for all units was consistent with random variation.

CONCLUSIONS. PIM2, PRISM III-12, and PRISM III-24 all were found to be suitable for
use in a UK PICU setting. All tools provided similar conclusions in assessing the
distribution of risk-adjusted mortality in UK PICUs. It now is important that these
tools be used to monitor outcome and improve the quality of pediatric intensive
care within the United Kingdom.
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THE PROVISION OF intensive care to infants, children,
and adults increased steadily during the latter half of

the 20th century, with particular, rapid expansion dur-
ing the 1970s and 1980s.1 In pediatric intensive care, the
growth in activity has followed somewhat later and has
been accompanied by little objective evaluation of qual-
ity of care provided or the effectiveness of specific treat-
ments. Furthermore, evidence to support planned national
infrastructure is limited when compared with the signifi-
cant resources expended on pediatric intensive care.2,3

Within the United Kingdom, the equitable provision
of pediatric intensive care, service structure, and rigor-
ous evaluation of new and existing treatments all re-
quire methods to account for variation in case mix.
Rigorously conducted randomized, controlled trials of
sufficient statistical power are the “gold standard” re-
search design to compare different aspects of medical
practice. However, there are a number of situations in
which random allocation is not possible for either ethical
or logistic reasons.4 When randomization is impossible,
the optimal research design consists of prospective stud-
ies that adjust outcomes for variation in risk factors
between hospitals according to prespecified compara-
tors.5,6 The term “risk adjustment” has been coined to
describe the process of adjusting for such risk factors
when comparing outcomes after intensive care.

Risk-adjustment tools that predict death in PICUs
have become established in the past 20 years. The Phys-
iologic Stability Index, published in 1984,7 has been
updated twice, using data from North American PICUs,
and renamed, first as the Pediatric Risk of Mortality
(PRISM) and more recently as PRISM III.8,9 PRISM III
currently provides the risk-adjustment tool for the
United States based Pediatric Intensive Care Unit Eval-
uations (PICUEs) system, which provides comparative
reports to participating units under a licensing arrange-
ment.10 Various versions of the PRISM family of risk-
adjustment tools have been used extensively in the
United States and to some extent in the Netherlands to
inform policy and organizational decisions.5,11

The alternative to the PRISM family of tools is the
Pediatric Index of Mortality (PIM), which was updated
recently to PIM2.12,13 PIM was published in 1997, based
on admissions to PICUs in Australia and 1 in the United
Kingdom. PIM2 was published in 2003 and included
15 191 admissions from 10 PICUs in Australia and New
Zealand and 4 PICUs in the United Kingdom. Although
PIM was tested in 4 UK PICUs, none of the tools has
been externally validated for general use in UK PICUs.14

Prediction tools must discriminate well between
deaths and survivors and be well calibrated before they
can be applied usefully to assess or standardize compar-
isons of PICUs or to correct for case-mix differences
between groups in observational studies. Single-center
studies in the United Kingdom and studies in other
countries have generated conflicting evidence for the

accuracy of predictions from both the PRISM and the
PIM families of tools.11,15–18 Such single-center studies,
often occurring several years after the publication of the
tools, are likely to be unreliable because it is to be
expected that risk-adjusted mortality will improve over
time and that the scoring system hence will become
decalibrated.19 For risk-adjusted mortality rates to be
meaningful, epidemiologic studies must either use a tool
that is derived from their own data or use the most
recent recalibration of the chosen tool. Consequently, a
joint working group of the Department of Health and the
Medical Research Council concluded in 1997 that no
risk-adjustment method had been validated sufficiently
for general use in PICUs in the United Kingdom and stated
that “work on patient risk adjustment is a high priority, as
without better methods of risk adjustment, research on the
effectiveness of IC/HDC (Intensive Care/High Dependency
Care) will be severely limited.”20 The United Kingdom Pe-
diatric Intensive Care Outcome Study (UK PICOS), re-
ported here, aimed to assess and optimize objectively the
competing prediction tools in a large, prospective, and rep-
resentative sample of admissions to UK PICUs.

METHODS
All PICUs in the United Kingdom were invited to partic-
ipate in UK PICOS. Staff at participating units were
asked to collect prospectively standardized information
using dedicated software on consecutive admissions to
their unit between March 5, 2001, and March 4, 2002.
Data collection staff were trained to enhance standard-
ization of data collection between units. Data were also
validated both locally, using checks built into the data
collection software, and at the central processing center,
where extensive data validation and query resolution
were conducted. At the end of the data collection period,
all units were asked to provide an independent count,
using departmental databases or admission books, of the
number of admissions and deaths during the study pe-
riod. Units that collected data on �80% of admissions
were excluded in whole or were excluded in part when
it was possible to identify clearly periods of satisfactory
(�80%) coverage.

The information that was collected on each admission
included demographic details, the presence in the med-
ical history of any of 15 significant events or premorbid
conditions, the location before admission, the reason for
admission to the PICU, measurements of the required
physiologic parameters up to 24 hours after admission,
outcome at discharge from the ICU, and eventual hos-
pital discharge (status and length of stay).21 Patients who
were already dead or had clinical signs of brain death on
admission to the PICU were excluded from the study.

The mortality prediction tools under consideration
were PIM, PIM2, PRISM, and PRISM III,8,9,12 all of which
aim to predict mortality in the admitting PICU. PIM and
PIM2 use information on 7 and 10 factors, respectively,
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to calculate the probability of death during the intensive
care admission. These are gathered between first contact
with a PICU doctor and up to 1 hour after admission to
the PICU. PRISM uses measurements on up to 14 phys-
iologic values during the first 24 hours after admission to
the PICU. The PRISM III system can be broken down
further into PRISM III-12, using measurements from up
to 17 physiologic values during the first 12 hours after
admission to a PICU, and PRISM III-24, using measure-
ments from up to 17 physiologic values during the first
24 hours. In both PRISM and PRISM III, the physiologic
values are used to form scores, which when combined
with 2 (PRISM) or 8 (PRISM III) other factors, are used to
generate predicted probability of mortality in the PICU.

Data Completeness
All tools assume that score components that are not
recorded are normal. Data were collected to allow us to
predefine “not applicable” to indicate when a tool com-
ponent was appropriately not recorded, for example, no
blood gases were taken and “missing” to indicate all
other not recorded tool components. The rate of not
applicable and missing tool components then was exam-
ined for each tool by PICU.

Statistical Analysis

Published Models
Models were applied to the data using coefficients and
instructions that were published by the original authors
of the tools and by personal communication with these
authors for any necessary clarification. Access to the
coefficients that were necessary to calculate a probability
for PRISM III was refused by the main author; therefore,
it could not be included in the initial stages of this
evaluation (M.M. Pollack, Children’s National Medical
Center, Washington, DC, personal communication,
2003). These published models were assessed by inves-
tigating their calibration and discrimination for PICU
mortality.

Discrimination
Predictions from each model were assessed using the c
index (area under the receiver operating characteristic
curve) for discrimination. The c index is the probability
of concordance between outcomes and predictions. In
this study, it represents the probability that a randomly
chosen patient who died will have a higher predicted
probability of mortality than a randomly chosen patient
who survived. Published c-index criteria suggest that
�0.7 is acceptable, �0.8 is good, and �0.9 is excellent.22

Calibration
How well the predicted probabilities of mortality that
were generated by the risk-adjustment models com-
pared with the observed mortality was assessed using the

Hosmer-Lemeshow �2 test and Cox’s calibration regres-
sion.23–25 For each risk-adjustment model, for the Hos-
mer-Lemeshow goodness-of-fit test, patients were cate-
gorized into 10 groups according to quintiles of their
associated predicted probability of mortality, and the
observed and expected outcomes were compared using a
�2 statistic. For the Cox regression model, the probability
of mortality that was generated by each risk-adjustment
model was transformed into a log odds of mortality. This
then was fitted as an explanatory variable in a logistic
regression model to predict mortality. Perfect calibration
would be indicated by a model with a constant term of 0
and a slope term of 1. Significant differences from these
values give a quantifiable indication of where the cali-
bration of the models has failed.

Optimization of Current Models
The tools were optimized for the United Kingdom by
reestimation of coefficients using logistic regression. In
the case of PRISM and PRISM III, the score was entered
into the regression rather than the individual compo-
nent variables of the tool. Optimized models were as-
sessed by random allocation of PICUs (stratified by an-
nual admissions) into development and validation
samples in a 2:1 ratio. Reestimation of coefficients was
conducted in the development sample, and model predic-
tions were assessed in the external validation sample using
the discrimination and calibration measures described
above. This approach avoids the bias that is inherent when
the same data are used both to fit the model and to emulate
the application of the tool at new PICUs.26,27 The process
was repeated 5000 times to avoid basing conclusions on a
single random split of the data that may have favored 1 of
the models by chance. Summaries of the 5000 resulting
discrimination and calibration statistics were calculated to
guide the success of the optimization.

Funnel Plots
To illustrate the assessment of the published models and
optimization of models, we produced a series of funnel
plots of PICU mortality ratios by number of admissions
along with corresponding 99.8% control limits.28 Funnel
plots are a variation on control charts that identify units
with unexpectedly high (above upper control limit) or
low (below the lower control limit) mortality.29,30 They
are becoming established as a superior alternative to
league tables and ranks for the presentation of perfor-
mance measures. Units with mortality ratios within the
control limits are defined to have mortality consistent
with random variation.

Mortality ratios were calculated by dividing the ob-
served PICU mortality by an expected mortality. A fun-
nel plot of crude mortality ratios first was produced
using the mortality of the whole population of admis-
sions as an expected mortality. Then 2 types of funnel
plot were produced for each risk-adjustment method,
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first using the published coefficients to generate the
expected mortality and second using the optimized co-
efficients to generate the expected mortality Ethical ap-
proval was granted for this study by the Trent Multi-
Research Ethics Committee (MREC/99/4/046).

RESULTS
Twenty-six PICUs were invited to participate in UK PICOS,
and 22 (85%) agreed. The 4 units that did not take part
all are based in London and admitted a median of 342
admissions in 2001 compared with a median of 452 in
units that participated. Four units were excluded after
the data collection period because of low or unverified
coverage. In the remaining 18 units, data were collected
on 10 197 (98%) of 10 385 admissions during the study
period. The median age of included admissions was 1.4
years (interquartile range: 0.2–6.6 years), and 5772
(57%) were male (Table 1). Just more than one third
(3813; 37%) were admitted to the PICU directly from
the operating theater, a minority (622; 16%) of which
were unplanned. The 3 most common reasons for admis-
sion directly from the operating theater were complex con-
genital cardiac abnormality (330; 8.7%), congenital ven-
tricular septal defect (262; 6.9%), and kyphoscoliosis (259;
6.8%). In contrast, most of those who were admitted to the
PICU other than directly from the operating theater were
unplanned (5727 of 6384; 90%). The 3 most common
reasons for these admissions were bronchiolitis (548;
8.6%), status epilepticus or uncontrolled seizure (548;
8.6%), and primary brain injury (278; 4.4%).

Of the 10 197 admissions included in the analysis,
633 (6.2%) patients died in the admitting PICU. An
additional 301 (3.0%) died before discharge from the
hospital and 516 (5.4%) were lost to follow-up, making
total hospital mortality 9.2%. There was wide variation

between PICUs in both the characteristics and the out-
come of patients who were admitted (Table 1).

Data Completeness
PIM2 and PRISM III excluded the most admissions from
mortality prediction (7.1% and 8.3%, respectively),
whereas PIM and PRISM have no explicit exclusion
criteria (Table 2). Of eligible admissions, 42% (range:
13%–85% between PICUs) for PIM, 55% (range: 29%–
97%) for PRISM, and 46% (range: 25%–86%) for
PRISM III-12 and -24 required at least 1 assumption of
normality as a result of a nonrecorded tool component’s
being not applicable (Table 2). Also, 10% (range: 1%–
48% between PICUs) for PIM, 80% (range: 29%–99%)
for PRISM, and 80% (range: 28%–99%) for PRISM
III-24 required at least 1 assumption of normality as a
result of a nonrecorded tool component’s being missing
(Table 2). However, the bulk of the missing tool compo-
nents relating to PRISM and PRISM III were attributed to
the Glasgow Coma Score component’s being missing in
77% of eligible admissions. Excluding the Glasgow
Coma Score, 24% (range: 5%–56%) for PRISM and
23% (range: 1%–56%) for PRISM III-12 and -24 re-
quired at least 1 assumption of normality as a result of a
nonrecorded tool component’s being missing (Table 2).

Published Models

Discrimination
The discrimination of the 3 published tools is shown in
Table 2. All tools provided “good” (c index �0.8) dis-
criminatory power.22 PIM2 (c index � 0.84) had signif-
icantly (P � .001) better discrimination than PIM (c
index � 0.81) but not significantly (P � .105) better
discrimination than PRISM (c index � 0.82).

TABLE 1 Number of Admissions, Age, Gender, Source of Admission, and Unit Outcome by PICU

PICU No. of
Admissions

Age, y,
median

Male,
%

Direct From Theatre,
%

Unplanned,
%

Unit Mortality,
%

Unit Length of Stay, h,
median

A 317 1.7 57 27 82 6.9 31.5
B 432 3.1 53 30 64 3.2 32.0
C 674 1.4 61 39 63 4.9 59.5
D 1116 0.6 56 19 76 10.1 59.2
E 226 2.5 52 22 76 4.4 36.9
F 520 1.9 55 21 87 7.5 64.6
G 985 1.0 57 52 46 4.8 44.4
H 335 5.1 53 40 72 5.7 47.5
I 1110 1.0 60 49 58 7.1 43.3
J 781 0.8 57 41 39 4.1 92.2
K 447 1.2 53 38 65 9.0 57.4
L 1026 1.5 52 46 50 5.0 23.2
M 279 2.2 62 35 70 6.8 37.8
N 278 1.5 60 21 81 3.6 46.6
O 420 2.7 57 33 77 6.4 38.0
P 340 2.5 57 40 64 5.9 34.6
Q 607 0.7 58 39 57 6.6 34.5
R 304 1.0 58 49 54 5.9 52.3
Total 10 197 1.4 57 37 62 6.2 46.2
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Calibration
All models displayed significant lack of fit and therefore
poor calibration according to the Hosmer-Lemeshow
test. The Cox calibration regression found that PIM and
PRISM tended to overestimate risk in high-risk admis-
sions, and PIM2 tended to underestimate risk in low-
and medium-risk admissions (Fig 1 and Table 2). PRISM
also underestimated risk in very-low-risk (�1%) admis-
sions. The slope estimate from Cox’s calibration regres-
sion was less than the ideal value of 1 for all tools,
suggesting that predictions generally were exaggerated
compared with observed risk.

Optimization of Current Models
The mean sample size for reestimation of model coeffi-
cients varied according to exclusion criteria, ranging
from 6185 for PRISM III to 6751 for PRISM. The mean
sample size for validating the models ranged between

3164 and 3443. The median discrimination and calibra-
tion statistics from the 5000 validation samples are
shown in Table 2.

Discrimination
On average, all tools provided “good” (c index �0.8)
discriminatory power.22 In the whole sample, the dis-
crimination for both PRISM III-12 and PRISM III-24
(median c index � 0.88) was found to be significantly (P
� .001 in all cases) higher than for PRISM (median c
index � 0.85), PIM (median c index � 0.81), and PIM2
(median c index � 0.84).

Calibration
Using the Hosmer-Lemeshow test, we found a lack of
calibration to be significant at the 5% level in only 25%
of samples for PRISM III-24 compared with 32% of

TABLE 2 Exclusion Criteria and Discrimination and Calibration Characteristics of the PIM, PIM2, PRISM, PRISM III-12, and PRISM III-24 Systems
Using Published and UK PICOS Recalibrated Models

PIM PIM2 PRISM PRISM III-12 PRISM III-24

Admissions excluded from models
Age �15 y 188 188 0 0 0
Transferred to another ICU 0 543 0 543 543
In unit �2 h 0 0 0 313 313

Admissions included in model
assessment

N 10 009 9475 10 197 9352 9352
% 98.2 92.9 100 91.7 91.7

Admissions with at least 1 not recorded
tool component being not
applicable

% 42 42 55 50 46
PICU range 13–85 13–85 29–97 33–86 25–86

Admissions with at least 1 not recorded
tool component being missing

% 10 10 80 80 80
PICU range 1–48 1–48 29–99 28–99 28–99

Admissions with at least 1 not recorded
tool component being missing,
excluding Glasgow Coma
Score

% 24 23 23
PICU range 5–56 1–56 1–56

Published calibration models
ROC area, c index (95% CI) 0.81 (0.79–0.83) 0.84 (0.82–0.86) 0.82 (0.80–0.84)
Hosmer-Lemeshow �

�2 86.7 39.8 541.9
P �.001 �.001 �.001

Cox’s method
Slope (95% CI) 0.83 (0.77–0.89) 0.87 (0.81–0.93) 0.66 (0.61–0.70)
Intercept (95% CI) �0.54 (�0.69 to�0.39) �0.15 (�0.31 to 0.02) �1.33 (�1.44 to �1.23)

UK PICOS recalibration models
ROC area, c index, median (quartiles) 0.81 (0.79–0.83) 0.84 (0.83–0.85) 0.85 (0.84–0.86) 0.88 (0.87–0.89) 0.88 (0.87–0.90)
Hosmer-Lemeshow

�2, median (quartiles) 13.8 (9.0–26.3) 14.5 (10.6–20.0) 15.1 (10.9–23.4) 14.9 (10.7–20.0) 13.2 (9.7–18.2)
P � .05, n (%) 1766 (35) 1595 (32) 1898 (38) 1602 (32) 1232 (25)

Cox’s method
Slope, median (quartiles) 0.97 (0.92–1.03) 0.97 (0.92–1.03) 0.98 (0.94–1.04) 0.95 (0.89–1.03) 0.96 (0.89–1.03)
Intercept, median (quartiles) �0.07 (�0.17 to 0.06) �0.05 (�0.30 to 0.14) �0.02 (�0.13 to 0.10) �0.11 (�0.25 to 0.10) �0.08 (�0.25 to 0.12)

CI indicates confidence interval; ROC, receiver operating characteristic.
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samples for PIM2 (P � .001). In the whole sample, the
Hosmer-Lemeshow test indicated significant lack of fit
for PIM (P � .03) and PRISM (P � .01) and adequate fit
for PIM2 (P � .32), PRISM III-12 (P � .13), and PRISM
III-24 (P � .37). All models displayed a slight tendency
toward overfitting, indicated by the average slope esti-

mate’s being �1 from Cox’s recalibration regression in
validation data. Calibration plots for models that were
reestimated and assessed in the whole sample are shown
in Fig 2.

Funnel Plots
Figure 3 contains a funnel plot of the crude mortality
ratio by number of admissions for each unit, which
indicates that 1 unit seemed to have an unadjusted
mortality ratio that was higher than expected. The fun-
nel plots that were produced using the published models
indicate that 1 unit had adjusted mortality that was
lower than expected for PIM, 2 units had adjusted mor-
tality that was higher than expected for PIM2, and 7
units had adjusted mortality that was lower than ex-
pected for PRISM, including 1 unit for which PIM had
identified as having mortality that was higher than ex-
pected. The funnel plots for the recalibrated models in-
dicate that the adjusted mortality for all units is consis-
tent with random variation for all models.

DISCUSSION
Admissions to PICUs in the United Kingdom vary con-
siderably in their characteristics, making adjustment for
case mix imperative when comparing outcomes be-
tween different units. We compared all major published
tools for predicting PICU mortality using a large, repre-
sentative sample of consecutive admissions to 18 UK
PICUs between March 2001 and February 2002. All
published models (PIM, PIM2, and PRISM) displayed
good discrimination but poor calibration. Including all
models and after recalibration on UK data, only PIM2,
PRISM III-12, and PRISM III-24 displayed adequate fit.
In addition, both PRISM III-12 and PRISM III-24 dem-
onstrated significantly higher discrimination than the
other tools.

The data completeness seems to be higher for PIM
and PIM2 than for PRISM, PRISM III-12, and PRISM
III-24. However, this was found to be attributable pri-
marily to low completeness of the Glasgow Coma Score
associated with the various PRISM scores and does not
seem to have affected the overall performance of these
scores.

The overall calibration of PIM and PIM2 was better
than PRISM when published coefficients were used. This
is illustrated further by the corresponding funnel plots,
in which PRISM identified 7 units as having adjusted
mortality outside the control limits whereas PIM identi-
fied 1 and PIM2 identified 2. This is not surprising as
PRISM is much older (published in 1988) and based on
a relatively small sample (N � 2642) of patients in North
America.8 If PRISM had shown perfect calibration, then
this would have suggested that risk-adjusted mortality
after admission to UK PICUs in 2001 was similar to that
of North American PICUs in 1988. Miscalibration of
PRISM in validation samples has been noted several

FIGURE 1
Calibration plots for PIM, PIM2, and PRISM. Plots show the observed risk by expected risk
in deciles of expected risk using a log scale.

e738 BRADY, et al
 by on June 4, 2010 www.pediatrics.orgDownloaded from 

http://www.pediatrics.org


times before.15,17,18 PIM was published in 1997, and PIM2
was published in 2003. This group recently performed a
large study that compared PIM, PIM2, PRISM, and
PRISM III in PICUs in Australia and New Zealand and
concluded that PIM2 was the most accurate.31 For a tool
to calibrate well in a validation sample, all factors that
influence outcome must either be included in the model
or have the same distribution in the validation sample as
the sample used to develop the model. Differences be-
tween countries and over time make this second condi-
tion less likely. PICUs have been found to vary consid-
erably in their structure, organization, and staffing
across European countries and still can be anticipated to
do so between the United Kingdom and Australia.2,32

This study reinforces the need to use a representative
and large number of units when assessing such risk-
adjustment methods in another country or health care
system. A small or unrepresentative selection of units
could lead to confusion between unit or overall system
performance and the need to recalibrate the score. Even
including all units may result in poor calibration, but this

does not necessarily invalidate the scores as a simple
recalibration of these scores can lead to their being use-
ful and valid tools for that country or health care system.

The performance of PIM2, PRISM III-12, and PRISM
III-24 using coefficients estimated in UK data were ac-
ceptable, although PRISM III-12 and PRISM III-24 dis-
played an advantage in terms of discrimination. The
funnel plots of adjusted mortality ratios for all of the
recalibrated models suggested that mortality in all of the
units in this study was consistent with random variation
and illustrates further the importance of recalibrating
the models.

The use of physiologic readings up to 24 hours after
admission has been criticized by the authors of PIM.
They argued that such readings may be recognizing
death, rather than predicting it, in the substantial pro-
portion of children who die within the first 24 hours
(29% of deaths in our data).12 In addition, quality-of-
care differences may be masked because PICUs that mis-
manage care in the first 24 hours will seem to have a
worse case mix.12,33 The development of the PRISM

FIGURE 2
Calibration plots for recalibrated PIM, PIM2, PRISM,
PRISM III-12, and PRISM III-24. Plots show the ob-
served risk by expected risk in deciles of expected risk
using a log scale. Forming deciles lead to 0 deaths in
some groups; therefore, octiles were used in prefer-
ence.
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FIGURE 3
Funnel plot of mortality ratio by number of admis-
sions for each unit. The mortality ratio is calculated
for each PICU by obtaining the expected number of
deaths according to each scoring system and divid-
ing the observed number of deaths by the expected
number. The mortality ratio then is plotted on the y
axis against the number of admissions to the PICU
on the x axis. To satisfy the condition that if the dis-
tribution of the mortality ratios is random there ex-
ists an �5% chance of a unit’s falling outside the
control limits, then the upper and lower control lim-
its must represent not 95% confidence intervals but
99.7% (confidence intervals around a mortality ratio
of 1 by number of admissions28). For the 18 PICUs
considered here, each has a probability of falling
outside the confidence control limits of 1� .9971�
.0029. Therefore, overall, there is a probability of at
least 1 unit’s falling outside the control limits by
chance of 1� .997118 � .05. In other words, to fulfill
the criteria that there be a 5% probability of a unit’s
fallingoutside the control limits by chance alone, the
limits must be set at 99.7%.
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III-12 tool was motivated by these concerns.9 However,
others have argued that by using admission values only,
as in PIM and PIM2, there is an increased risk for ob-
serving nontypical point estimate values that misrepre-
sent the true initial health status of the patient.34 The
results of this study show that good discrimination and
calibration are achievable without using information
that is obtained after the first hour in the PICU. The
amount of data to be collected is an important consid-
eration in the design of any study; therefore, PIM2 may
be valuable for most quality improvement and audit
studies that require the minimum of data collection nec-
essary to undertake the study. Larger scale research
projects with funding to collect additional data could
reasonably choose to use PRISM III variables with the
provisos mentioned above.27,35 Whichever risk-adjust-
ment method is chosen, units that wish to participate in
comparative research studies or collaborative quality im-
provement efforts must ensure that participating centers
not only collect the data for the risk-adjustment tool in
a standardized manner but also that standardized report-
ing of outcomes are fed back to the units.

Any variation in risk-adjusted PICU mortality needs
to be tempered by an assessment of variation in longer
term outcome. A reduction in mortality is of dubious
benefit if it is at the expense of increased severe morbid-
ity. Standardized and reliable methods of measuring
health status (or at least clinical status) are required for
use in the United Kingdom.36 Currently, only the PRISM
family of tools has been shown to have any relationship
to longer term outcomes in the United States.37

CONCLUSION
This study confirms that risk-adjustment methods that
are developed primarily in other countries require vali-
dation before being used to provide risk-adjusted out-
comes of PICU mortality for units within a new health
care setting. It is also important that the calibration of
these tools be reassessed periodically to ensure their
continued validity. Identifying suitable risk-adjustment
tools is only a first step. It now is important that they be
applied effectively to monitor outcome and improve the
quality of pediatric intensive care within the United
Kingdom.30
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