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Objective: To validate performance characteristics of the in-
tensive care unit (ICU) admission mortality probability model,
version Il (MPM,-Iil) on Project IMPACT data submitted in 2004 and
2005. This data set was external from the MPM,-lll developmental
and internal validation data collected between 2001 and 2004.

Design: Retrospective analysis of clinical data collected con-
currently with care.

Setting: One hundred three (103) adult ICUs in North America
that voluntarily collect and submit data to Project IMPACT.

Subjects: A total of 55,459 patients who were eligible for MPM
scoring (age =18; first ICU admission for hospitalization, ex-
cludes burns, coronary care, and cardiac surgical patients).

Interventions: None.

Measurements: Prevalence of MPM risk factors and their re-
lationship to hospital mortality; calibration and discrimination of
MPM,-1ll model applied to new data.

Main Results: Seventy-eight ICUs contributed data to both this
study and the original development set. Fifty-six ICUs from the
original MPM,-lll study were replaced by 25 new ICUs in this

external validation set. Patient characteristics (type of patient,
risk factors, and resuscitation status) were similar to the original
2001-2004 cohort, except for slightly more patients on mechan-
ical ventilation at admission (32% vs. 27%, p < 0.01) and the
percentage of patients having no MPM,-lll risk factors except age
(11% vs. 14%, p < 0.01). Observed deaths were 7331 (13.2%) vs.
7456 predicted, yielding a standardized mortality ratio of 0.983,
95% Cl (0.963-1.001).

Conclusions: MPMg-lll calibrates on a new population of
55,459 North American patients who include many patients from
new ICUs, which helps confirm that the model is robust and was
not overfitted to the development sample. Although Project
IMPACT participants change over time, 2004-2005 patient risk
factors and their relationship to hospital mortality have not sig-
nificantly changed. The increase in mechanically ventilated pa-
tients and reduction in admissions with no risk factors are trends
worth following. (Crit Care Med 2009; 37:1619-1623)

Kev Worbs: transparency; severity of illness; mortality proba-
bility model; intensive care; outcomes; benchmarking

ransparency in health care is
facilitated by the release of
standardized performance
metrics that are easily accessi-
ble to any interested observer. Histori-
cally, this type of data has been used by
physicians and other healthcare providers
to improve performance by benchmark-
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ing their results against others. With the
public release of data, insurers may
choose to reward quality and efficiency,
and patients may make better decisions
when choosing health care. The Society
of Critical Care Medicine presciently rec-
ognized the need for standardized data
collection in the 1990s with the creation
of Project IMPACT (1). From the outset,
Project IMPACT used the Mortality Prob-
ability Model at intensive care unit (ICU)
admission, version 2 (MPM,-II) (2) as the
primary tool for adjusting outcome re-
sults by a patient’s presenting severity of
illness. MPM,-IT was developed on 12,610
patients undergoing critical care in
1989-1990 in the United States and Eu-
rope. However, by 2002 it was becoming
clear that MPM,-IT was poorly calibrated
to current clinical practice. In the Project
IMPACT group of North American ICUs,
observed mortality rates were consis-
tently lower than those predicted by the
aging model (3). As a result, the MPM was
updated, using Project IMPACT data from
124,885 patients in 135 ICUs at 98 hos-
pitals participating between October 2001

and March 2004 (4). The data were ran-
domly split into development (60%) and
internal validation (40%) sets. Analysis
demonstrated the continuing value of the
15 independent variables used in MPM,-
II, albeit weighted somewhat differently
than in the original model. Age-interac-
tion terms were added to MPM,-III to
reflect surprisingly favorable results in
elderly patients. Variables were also
added to reflect the favorable prognosis
observed in elective surgical patients with
no other risk factors other than age, and
for the unfavorable prognosis when “Do
Not Resuscitate” orders were present at
the time of ICU admission. With these
changes, MPM,-III demonstrated excel-
lent calibration (Hosmer-Lemeshow
goodness of fit [HL-GOF] statistic 11.62;
p = 0.31 where nonsignificant is desir-
able) and discrimination (area under the
receiver operating characteristic curve =
0.823) on its internal, split-sample vali-
dation set.

A severity-adjustment model can truly
be considered robust only when its per-
formance is proven on data separate from
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that on which it has been developed. Al-
though internal validation, using split-
sample or bootstrapping techniques, pro-
vides some confidence that the model is
not overfitted to its development set, the
most rigorous form of validation is test-
ing the model on a new, external popu-
lation on data gathered at a different
point in time. Unfortunately, this is in-
frequently accomplished because of the
time and cost of data acquisition. The
ongoing data collection with Project
IMPACT provided an opportunity to effi-
ciently analyze temporal performance of
MPM,-III. Our hypothesis is that MPM,-
I1I is robust when applied to new data, as
judged by discrimination and calibration
measures.

MATERIALS AND METHODS

The initial MPM-III project was reviewed
by the institutional review board at Baystate
Medical Center, and was determined to be
exempt from the need for institutional review
board approval because it met all require-
ments for anonymized data. We subsequently
confirmed with the institutional review board
that the additional analysis to complete the
validation was also considered exempt.

Data Sources. Deidentified patient data
were provided by Cerner/Project IMPACT. Par-
ticipating units submit data at least quarterly
to a central repository for all admissions, or
data on a random sample of 50% or 75% of all
admissions. Data collectors undergo web-
based technical (software) and clinical train-
ing, are provided thorough documentation,
including detailed operational definitions for
each data element, and must pass a challeng-
ing certification examination before actual
data collection and entry can begin. Technical,
customer, and clinical support for participant
questions are available each business day. User
software automatically identifies ICU admis-
sions to be randomized into the unit’s sample
and performs extensive checks for data accu-
racy, quality, and completeness that must be
passed before record submission for compara-
tive reporting. Additional data checks are per-
formed at the central site and dialog with
participants occurs when questionable data
are identified. Health Insurance Portability
and Accountability Act requirements are fully
met. These processes are identical to what was
performed for the data used in the MPM,-III
model’s development (4).

Data were obtained retrospectively on
87,375 ICU admissions by 103 adult ICUs at 77
participating hospitals in the United States
and Canada between July 1, 2004 and June 30,
2005. Of these admissions, 28,194 (32%) were
not included because of random sampling. For
the remaining 59,181 admissions, the follow-
ing data were collected: information on all
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Table 1 Characteristics of hospitals and intensive care units in the external validation and the original

MPM,-III study, respectively

External
Validation Study MPM,-III Study p
Hospitals n=77 n = 102
Region 0.762
North East 21.6% 19.6%
South 29.7% 25.5%
Midwest 35.1% 43.1%
West 13.5% 11.8%
Bed size (median, IQR) 400 (295, 580) 410 (320, 580) 0.761
ICUs n = 103 n =135
Type 0.993
Medical/surgical combined 23.0% 23.6%
Medical/surgical/coronary care combined 18.0% 22.9%
Surgical/trauma ICU combined 12.0% 9.3%
Other mixed medical/surgical/specialty
Combined 12.0% 10.7%
Medical ICU only 10.0% 10.0%
Surgical ICU only 8.0% 7.9%
Medical ICU/coronary care combined 5.0% 5.7%
Coronary care/medical cardiac care only 4.0% 3.6%
Other 8.0% 6.4%
Number of beds (median, IQR) 16 (10, 20) 15 (12, 20) 0.902

MPM,,, Mortality Probability Model; ICU, intensive care unit; IQR, interquartile range.

MPM,,-I1I variables (see Table 4; a complete
description is given in our earlier work [4]),
patient-specific characteristics (age, race, gen-
der, reason for ICU admission, life support
status at admission, and operative status), site-
specific variables (bed size, region, teach-
ing status, and ICU type), admission and dis-
charge data (date and time of ICU admission
and discharge, date of hospital admission and
discharge), location before ICU admission, dis-
charge (destination from the ICU and hospital,
respectively), and hospital mortality. There
were 3,724 records that did not meet MPM,-II1
applicability criteria (i.e., cardiac surgery,
acute myocardial infarction, burns, patients
under the age of 18, and subsequent ICU re-
admission during a hospitalization), and these
were excluded from analysis. A total of 55,459
admissions were eligible for analysis.
Analyses Performed. MPM,-11I was applied
to the eligible ICU admissions to generate a
mortality probability for each patient. The
standardized mortality ratio was calculated by
dividing the observed hospital mortality rate
by the sum of the predicted hospital mortality
rates, and 95% confidence intervals were cal-
culated. Model discrimination was assessed by
calculating the area under the receiver oper-
ating characteristic curve (5). This measure
ranges from 0.50 (no discrimination) to 1.0
(perfect discrimination); values above 0.80 are
considered good. It is interpreted as the pro-
portion of randomly chosen pairs of patients,
one of whom dies and the other survives,
where the former has a larger predicted mor-
tality than the latter. Model calibration was
assessed by various methods: graphic repre-
sentation of observed vs. expected mortality
outcomes by deciles of risk, the HL-GOF test
(6), and Brier score. The HL-GOF test sum-
marizes differences between predicted and ob-

served mortality and survival rates within de-
ciles of predicted mortality. The Brier score is
similar to the mean square error in regression,
and values <0.10 are considered very good (7).
All of these results were compared with those
obtained during internal model validation of
the original MPM,-III model. SAS version 9.1
was used for all analyses.

RESULTS

Table 1 displays the characteristics of
the study hospitals. The hospitals are di-
verse in terms of geographic distribution,
organization, and size. There are no sig-
nificant differences between the present
cohort and the hospitals that participated
in the development of MPM,-III. Only
20% of the ICUs in the Project
IMPACT group are “closed,” meaning
critical care consultation or management
is mandated, although critical care phy-
sicians were available for discretionary
consultation or management at 98% of
participating units.

A total of 55,459 ICU admissions met
the entry criteria. Data for these patients
were supplied by 103 ICUs, 78 of which
were in the development set, and 25 were
new participants. Thus, 24.3% of the cur-
rent study’s ICUs did not participate in
the MPM,-I1I model’s development or in-
ternal validation. The demographic char-
acteristics of this population are given in
Table 2. Mean age, hospital mortality, and
the distribution of elective and emer-
gency surgical patients were clinically
similar in both time periods (Table 2),
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Table 2 Comparison of demographic data for external validation group vs. the cohort used in the

development of MPM,-I1I

External Validation Study

MPM,-1II Study

n = 55,459 = 124,855
Variable % % P
Gender <0.001
Male 55.6 54.6
Female 44.4 45.4
Race <0.001
White 76.6 78.1
Black 12.8 12.6
Hispanic 5.0 3.5
Asian 1.1 1.0
Other, unknown 4.9 4.5
Reason for ICU admission <0.001
Treatment 57.0 55.5
Postoperative observation 10.7 10.9
Safety monitoring 7.9 8.6
Cardiovascular monitoring 7.8 7.1
Respiratory monitoring 4.6 4.8
CNS monitoring 2.1 2.1
Bleeding monitoring 0.8 0.7
Other, unknown 9.1 10.2
Life support <0.001
Full code 95.0 95.1
DNR 3.3 3.7
Other, unknown 1.7 1.2
Operative status <0.001
Medical (nonoperative) 64.9 65.8
Emergency surgery 12.6 10.9
Elective surgery 22.6 23.4
Hospital mortality 0.08
Yes 13.2 13.5
No 86.8 86.5
ICU mortality 0.18
Yes 8.3 8.5
No 91.8 91.6
% Ventilated at admission 32.1 29.7 <0.001
% Zero factors at admission? 10.9 11.7 <0.001
Median (IQR)
Age 63 (48-75) 64 (49-76) <0.001
Hospital LOS 7.0 (3.0-13.0) 8.0 (4.0-13.0) <0.001
ICU LOS 1.9 (1.0-3.8) 1.8 (1.0-3.6) <0.001

MPM, Mortality Probability Model; ICU, intensive care unit; CNS, central nervous system; DNR, do

not resuscitate; LOS, length of stay.

“?Elective surgical patients with no other MPM risk factors other than age.

although the extremely large size of the
database causes these small differences to
be statistically significant. Clinically im-
portant differences were seen in the per-
centage of patients on mechanical venti-
lation at ICU admission (more in the
validation group) and in the number of
patients admitted to ICU with no risk
factors other than age (lower in the vali-
dation group). The prevalence of MPM
risk factors (Table 3) differs slightly be-
tween groups, but not in any particular
pattern.

Table 4 summarizes the results of ap-
plying MPM,-III to new data. Observed
hospital deaths (13.2%) are slightly lower
than the predicted rate (13.4%), yielding
a standardized mortality ratio of 0.983
(95% confidence interval 0.963-1.001).
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Discrimination of the model on the new
dataset as measured by the area under the
receiver operating characteristic curve is
0.830, comparable to the value previously
obtained on the internal validation set
(4). While the HL-GOF is 50.6 (p <
0.001), the largest difference between
predicted and observed mortality rate
within deciles was 1.7%. Figure 1 shows a
graphic representation of model perfor-
mance vs. “perfect” prediction at each
decile of predicted risk. There is very
close agreement between deciles of ob-
served and predicted mortality.

A perfect forecasting model would
have a Brier score of zero, whereas a
“perfectly” incorrect forecast would have
a score of 1 (i.e., the model would assign
a mortality probability of 1 to each sur-

vivor and a score of 0 to each survivor). A
model assigning a probability of 0.5 to
each patient would produce a Brier score
of 0.25. The Brier score for this dataset
was 0.088. The Brier score on the original
MPM,-III validation set was 0.092, indi-
cating that the predictive ability of the
model is very good, and stable in this new
dataset.

DISCUSSION

MPM,-I1T successfully validates on pa-
tients in a succeeding cohort from the
Project IMPACT database. The close asso-
ciation of observed and predicted mortal-
ity occurs despite some changes in the
composition of Project IMPACT partici-
pants. Of note, the percentage of elective
surgical patients without risk factors
(what we call “zero factor” patients) has
decreased from 14% to fewer than 11%.
Recent clinical experience suggests that
this may reflect the ongoing increase in
demand for critical care beds (8), and
consequent decisions to manage some
low-risk elective surgical patients in step-
down or medical surgical wards rather
than in a critical care unit. This suppo-
sition is further supported by increases
in the percentage of patients receiving
active treatment (vs. monitoring/
observation) from 51.5% to 57.0%. Pa-
tients receiving mechanical ventilation
at or within an hour of ICU admission
were 23.8% in the original MPM,-III
study, and now comprise 32.1% of the
population. MPM,-I1I predicted proba-
bility of survival was 86.3% during
2001-2004, and is now 86.6%. Actual
survival increased from 86.2% to
86.8%. The ratio of observed hospital
mortality to mortality predicted by
MPM,-III remains within the 95% con-
fidence limits of 1.0, indicating ade-
quate calibration of the model to new
data.

Another method of assessing calibra-
tion is the HL-GOF test, which should be
nonsignificant. In our analysis, the HL-
GOF was highly significant (p < 0.001),
which suggests a calibration problem.
However, caution must be exercised in
interpreting the HL-GOF when very large
sample sizes (>10,000 patients) are ana-
lyzed (9). This is due to the sensitivity of
the HL-GOF inference test being affected
by increasing sample sizes. The calibra-
tion graph shown here and the small
within-decile differences between ob-
served and predicted mortality indicate
that the model still calibrates well. Fur-
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Table 3 MPM,-III risk factors in external validation group vs. the cohort used in the development of

MPM,-IIT
External
Validation Study MPM,-III Study
MPM,-III Risk Factors (%) n = 55,459 n = 124,855 p
Intracranial mass 4.39 4.45 0.57
Cerebrovascular event 3.96 4.67 <0.001
Gastrointestinal bleed 4.79 5.29 <0.001
Cardiac dysrhythmia 5.92 6.44 <0.001
Acute renal failure 5.95 5.54 <0.001
Coma or deep stupor (GCS 3 or 4) 5.28 6.13 <0.001
Tachycardia (HR >150) 2.26 2.39 0.09
Hypotension (SBP <90) 18.09 15.53 <0.001
CPR before admission 3.03 3.26 0.01
Cirrhosis 2.35 3.07 <0.001
Metastatic Neoplasm 3.47 4.74 <0.001
MV within 60 min of admission 32.10 26.64 <0.001
Chronic renal insufficiency 6.01 6.84 <0.001
Patient type 77.42 76.57 <0.001
Zero factors 10.91 11.73 <0.001
Full code status 95.01 95.14 0.25

MPM, Mortality Probability Model; GCS, Glasgow Coma Scale; HR, heart rate; CPR, cardiopulmo-

nary resuscitation; MV, mechanical ventilation.

Table 4 External validation results

Statistic

Results

Observed deaths
Predicted deaths
Standardized mortality rate

Discrimination
Calibration

Brier score

7331 (13.2%)

7456 (13.4%)

0.983 (p = 0.06)

95% CI (0.963, 1.001)
AUROC = 0.830
HL-GOF statistic = 50.6 (p < 0.001);
biggest decile difference is 1.7%
0.088

AUROC, area under the receiver operating characteristic curve; HL-GOF, Hosmer-Lemeshow

goodness of fit statistic; CI, confidence interval.

Calibration Plot: Observed vs. Predicted Risk Compared to
Perfect Prediction
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Figure 1. Calibration plot of Mortality Probability Model,-III on the external validation sample.
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thermore, the Brier scores, both in this
study and in the internal, split sample
validation set of the MPM,-III study, are
virtually the same and close to zero. This
shows that the model does have good
predictive ability and its performance has
not degraded as the population in Project
IMPACT changed. Also of importance is
that the model’s discrimination remained
high.

Based on results from this analysis,
MPM,-III performs well on a follow-up
cohort of patients, suggesting that its
original success was not simply because
of the idiosyncrasies of its development
data set. Indeed, almost a quarter (24.3%)
of all ICUs present in this external vali-
dation study are “new.”’Although the
original validation cohort and the one
studied here contain many of the same
hospitals, some patient characteristics
have changed over time. This is most
clearly manifested by the decrease in
mortality, despite the increase in per-
centage of patients on a mechanical ven-
tilator and a decrease in the percentage of
patients lacking risk factors besides age.

It remains to be determined if the
model performs well on ICUs not in the
Project IMPACT database and this is a
limitation of the study. Project IMPACT is
composed primarily of US hospitals and
inner city/urban hospitals as well as aca-
demic centers and transplant/quaternary
ICUs are underrepresented. Some studies
have shown that model accuracy tends to
erode when a model is applied to external
populations (10-13), although this has
largely meant applying US models to Eu-
ropean ICUs. Thus, validation of the
MPM,-IIT model in other populations is
warranted.

There are other limitations to this
study that are identical to those in the
original MPM,-III study: MPM excludes
certain patient subsets (e.g., cardiac sur-
gery, acute myocardial infarction, and
ICU readmissions), which reduces its use-
fulness to some ICU. MPM may underes-
timate severity of illness in patients
whose condition is rapidly changing as
they are admitted, because physiologic
abnormalities, such as tachycardia and
hypotension, ideally should be corrected
as soon as they are identified, regardless
of location.

The nonsignificant trend toward lower
hospital mortality in the current data set
vs. the original data used to develop
MPM,-III will need to be followed up in a
new cohort of patients. At this stage, ran-
dom chance alone could produce these
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results, but our observations based on
applying the MPM-II model to current
patient populations do suggest improve-
ments in medical care as one possible
explanation of the failure for old models
to perform well on new patient popula-
tions. Other explanations for changes in
model calibration over time include in-
creasing use of rapid response teams,
early goal-directed therapy, rapid transfer
to long-term acute care hospitals (where
patients may expire without contributing
to an acute care hospital’s mortality rate),
and population differences between the
original multinational MPM-II study
group (European and North American)
and the current Project IMPACT (primar-
ily North American) participants. How-
ever, model deterioration over time has
also been observed for the Simplified
Acute Physiology Score (14) and the
Acute Physiology and Chronic Health
Evaluation (15), and all three models
have required recalibration. Our data
cannot easily answer the question
whether capacity constraints in ICU beds
has reduced the ability of ICUs to admit
lower-risk patients, not requiring ICU-
level interventions, such as mechanical
ventilation.

CONCLUSIONS

MPM,-III calibrates and discriminates
well on a new population of 55,459 pa-
tients, suggesting that the relationships
between 2004 and 2005 clinical risk fac-
tors and hospital mortality have not
changed from that seen with 2001-2004
Project IMPACT data. The standardized
mortality ratio for 2004-2005 patients is
0.983; not significantly different from 1.0.
Graphic calibration suggests the model is
robust and not overfitted to the develop-
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mental sample. A low Brier score sug-
gests that predictive ability of the model
continues to be very good. MPM,-III can,
thus, provide an accurate assessment of
mortality risk for large groups of pa-
tients, using just 17 variables obtained
at or within 1 hour of ICU admission,
and without needing to specify an ad-
mission diagnosis. Future studies
should determine whether the stan-
dardized mortality ratio continues to
trend downward. This would suggest
continuing improvement in outcomes
if the trend became significant in a con-
sistent group of hospitals. Finally, this
study identified a trend toward Project
IMPACT units admitting fewer low-risk
patients and more patients requiring
mechanical ventilation, but additional
studies are required to see if this trend
remains valid in larger, more contem-
porary databases.
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