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Acute Physiology and Chronic Health Evaluation (APACHE) IV:
Hospital mortality assessment for today’s critically ill patients*

Jack E. Zimmerman, MD, FCCM; Andrew A. Kramer, PhD; Douglas S. McNair, MD, PhD;

Fern M. Malila, RN, MS

Objective: To improve the accuracy of the Acute Physiology
and Chronic Health Evaluation (APACHE) method for predicting
hospital mortality among critically ill adults and to evaluate
changes in the accuracy of earlier APACHE models.

Design: Observational cohort study.

Setting: A total of 104 intensive care units (ICUs) in 45 U.S.
hospitals.

Patients: A total of 131,618 consecutive ICU admissions during
2002 and 2003, of which 110,558 met inclusion criteria and had
complete data.

Interventions: None.

Measurements and Main Results: We developed APACHE IV
using ICU day 1 information and a multivariate logistic regression
procedure to estimate the probability of hospital death for ran-
domly selected patients who comprised 60% of the database.
Predictor variables were similar to those in APACHE I, but new
variables were added and different statistical modeling used. We
assessed the accuracy of APACHE IV predictions by comparing
observed and predicted hospital mortality for the excluded pa-
tients (validation set). We tested discrimination and used multiple
tests of calibration in aggregate and for patient subgroups.

APACHE IV had good discrimination (area under the receiver
operating characteristic curve = 0.88) and calibration (Hosmer-
Lemeshow C statistic = 16.9, p = .08). For 90% of 116 ICU
admission diagnoses, the ratio of observed to predicted mortality
was not significantly different from 1.0. We also used the valida-
tion data set to compare the accuracy of APACHE IV predictions to
those using APACHE III versions developed 7 and 14 yrs previ-
ously. There was little change in discrimination, but aggregate
mortality was systematically overestimated as model age in-
creased. When examined across disease, predictive accuracy was
maintained for some diagnoses but for others seemed to reflect
changes in practice or therapy.

Conclusions: APACHE IV predictions of hospital mortality have
good discrimination and calibration and should be useful for
benchmarking performance in U.S. ICUs. The accuracy of predic-
tive models is dynamic and should be periodically retested. When
accuracy deteriorates they should be revised and updated. (Crit
Care Med 2006; 34:1297-1310)

Kev Worbs: intensive care unit; patient outcome assessment;
severity of illness index; prognostication; health outcome research;
informatics

coring systems based on phys-
iologic abnormalities have
been successful in measuring
severity of illness among criti-
cally ill patients. Severity scores are used
in clinical research to demonstrate equiv-
alency of study and control patients, as
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inclusion criteria for study enrollment,
and for risk stratification in outcome com-
parisons. Examples include Acute Physiol-
ogy and Chronic Health Evaluation
(APACHE) III (1), Simplified Acute Phys-
iology Score (SAPS) II (2), and the Mor-
tality Probability Model (MPM) II (3).
Each of these prognostic models has been
used to compare observed outcomes to a
case-mix-adjusted benchmark for hospi-
tal mortality based on outcomes that re-
flect the efficacy of treatment during
1988-1992.

Studies using APACHE III, SAPS II,
and MPM II within independent intensive
care unit (ICU) databases have reported a
predicted mortality that was significantly
different from observed (4, 5). These dif-
ferences between observed and expected
mortality might have been caused by
poor model design, variations in quality
of care, or inadequate case-mix-related
adjustment. Proposed reasons for inade-
quate case mix adjustment have included

inadequate diagnostic data (6), unreliable
Glasgow Coma Scale (GCS) score assess-
ment (7, 8), international and regional
differences (9, 10), variations in patient
referral patterns (11, 12), and differing
selection for and timing of ICU admission
(13). In addition, predicted outcomes are
likely to be influenced by changes in the
effectiveness of therapy over time (5, 6),
the frequency of decisions to forgo life-
sustaining therapy (14), care before and
after ICU admission (13, 15), and the fre-
quency of early discharge to skilled nurs-
ing facilities (16).

Strategies suggested to improve the
accuracy of prognostic models include a)
reestimating the coefficients for each
original variable for a specific population;
or b) adding a population-specific vari-
able customized to the original model
(17). Both types of customization have
resulted in improved calibration for ag-
gregate patient samples but have not ad-
equately adjusted for poor uniformity of
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fit within patient subgroups (5, 18-20).
These findings suggest that recalibrated
models fail to account for important pa-
tient risk factors and that remodeling is
needed.

Since APACHE III was published (1, 21),
we have repeatedly assessed its calibration
using patient data collected during subse-
quent time periods. For patient data col-
lected between 1993 and 1996, the original
APACHE III model (version H) had a stan-
dardized mortality ratio (SMR) of 1.01 in
the entire patient sample, but calibration
was not perfect (Hosmer-Lemeshow statis-
tic = 48.71, p < .01) (22). In 1998,
APACHE III version H was revised and up-
dated using data collected between 1993
and 1996. The revised model (APACHE
III version I) had an SMR = 1.00 and
a Hosmer-Lemeshow statistic = 24.2
(p < .01) in the validation set (unpublished
data). In 2004 we reassessed the accuracy of
APACHE III version I using patient data
collected between 2002 and 2003. The SMR
was 0.93 and the Hosmer-Lemeshow statis-
tic = 273.6 (p < .001). These results indi-
cated that this equation needed to be re-
modeled.

We had a different experience in assess-
ing the calibration of the equation that pre-
dicts hospital mortality for patients admit-
ted after coronary artery bypass graft
(CABG) surgery. The original APACHE III
model for predicting hospital mortality af-
ter CABG surgery (23) was poorly cali-
brated when tested using 1993-1996 pa-
tient data and was therefore remodeled
using data for patients admitted between
1993 and 1996. The SMR was 1.00 and
the Hosmer-Lemeshow statistic = 11.0
(p > .10) for the complete data set (unpub-
lished data). When this equation was reval-
idated in 2004 using data collected during
2002 and 2003, the SMR was 0.997.

In this report, we describe APACHE
IV, an improved and updated model for
predicting group hospital mortality
among critically ill patients and the pre-
viously remodeled equation for predict-
ing hospital mortality after CABG sur-
gery. Instead of developing a new
APACHE 1V score, our remodeling efforts
were built on the success of severity scor-
ing using the physiologic variables and
weights of APACHE III. Our efforts, how-
ever, went beyond fitting a new logistic
regression equation and developing new
coefficients for each variable in a new ICU
patient sample. Instead, using recent pa-
tient data we developed new predictor
variables and used refined statistical
methods to develop and validate an im-
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proved predictive model that is available
in the public domain.

METHODS

The data for this study consisted of a non-
randomized observational cohort of 131,618
consecutive ICU admissions. Data were col-
lected for patients admitted between January
1, 2002, and December 31, 2003, at 104 inten-
sive or coronary care units in 45 hospitals. The
104 units were selected because each had in-
stalled an APACHE III computerized data col-
lection and analysis system. Each hospital pro-
vided information about the type of ICU where
data were collected, hospital bed size, geo-
graphic location, and teaching status. Patient
data were entered on site using a software
program that included computerized pick
lists, automated error checks, and calculation
of physiologic means and gradients. Some
units entered data via electronic interfaces
with laboratory and clinical information sys-
tems. The procedures used for data collection
were based on prior reliability studies (1, 24)
and field experience (16). Our methods for
training data collectors and for ensuring ac-
curacy have been previously described (22).

Patient Information and Exclusions. Pa-
tient data generated as a result of patient care
and recorded in the medical record were col-
lected concurrently or in some cases retro-

spectively for consecutive unselected intensive
or coronary care unit admissions. Informed
consent was not obtained because of Institu-
tional Review Board waivers during prior stud-
ies (1). We excluded and did not collect data
for patients who had been admitted for <4
hrs, patients with burns, patients <16 yrs of
age, and except for hepatic and renal trans-
plantation, patients admitted after transplant
operations. We excluded patients missing an
acute physiology score on ICU day 1 and those
remaining in hospital for >365 days. To avoid
counting more than one hospital outcome for
the same patient, analysis included only a pa-
tient’s first ICU admission. We also excluded
from analysis patients admitted from another
ICU during the same hospitalization. We did
this because extensive life support before ICU
admission biases the prognostic implications
of first ICU day physiologic measures. Out-
comes recorded for each patient included the
exact duration (in hours) of ICU and hospital
length of stay and mortality at ICU and hospi-
tal discharge.

The data collected for each patient are
summarized in Table 1. The data included age,
chronic health conditions, and physiologic
data required to calculate an acute physiology
score (APS) of APACHE III. The APS was based
on the worst measurement for each compo-
nent on ICU day 1. Each of the three variables
rather than the composite APACHE III score
was used in the mortality model. We also re-

Table 1. Data items collected and used for predicting hospital mortality among patients admitted to
intensive care unit (ICU) who did not have coronary artery bypass graft (CABG) surgery

Age
APS variables

Continuous Measure Plus Five Spline Terms
Weight determined by most abnormal value within first

APACHE day; sum of weights equals the APS, which ranges
from 0 to 252. Five spline terms added. Variables include
pulse rate, mean blood pressure, temperature, respiratory
rate, Pao,/F10, ratio (or P(a-a)o, for intubated patients with
Fio, = 0.5), hematocrit, white blood cell count, creatinine,
urine output, blood urea nitrogen, sodium, albumin,
bilirubin, glucose, acid base abnormalities, and neurological
abnormalities based on Glasgow Coma Score

Chronic health variables

AIDS, cirrhosis, hepatic failure, immunosupression,

lymphoma, leukemia or myeloma, metastatic tumor. Not
used for elective surgery patients

ICU admission diagnosis
ICU admission source

116 categories (see Appendix Tables 1 and 2)
Floor, emergency room, operating/recovery room, stepdown

unit, direct admission, other ICU, other hospital, other
admission source

Length of stay before
ICU admission
Emergency surgery
Unable to assess Glasgow
Coma Scale score
Thrombolytic therapy
Glasgow Coma Scale
score rescaled
Pao,/F10, ratio
Mechanical ventilation

Y/N
Y/N

Y/N

Square root plus four spline terms

For patients with acute myocardial infarction (Y/N)
15 minus measured Glasgow Coma Scale score

APS, acute physiology score; APACHE, Acute Physiology and Chronic Health Evaluation.

All predictor variables use ICU day 1 data.
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corded the primary reason for ICU admission
(ICU admission diagnosis), the patient’s loca-
tion (admission source), length of stay before
ICU admission, whether a patient received me-
chanical ventilation or underwent emergency
surgery, Pao,/F1o, ratio, and whether sedation
or paralysis resulted in an inability to assess
GCS score.

Each patient’s primary reason for ICU ad-
mission (ICU admission diagnosis) was re-
corded by selecting one of 430 diseases, inju-
ries, surgical procedures, or events that was
most immediately threatening to the patient
and required the services of the intensive or
coronary care unit. Each ICU admission diag-
nosis was first classified as nonoperative or
postoperative, next by body system or a trans-
plant or trauma-related category, and then by
diagnosis. A residual “other” category was
used for unlisted diagnoses within each body
system, transplant, and trauma category. For
patients with acute myocardial infarction we
recorded infarct location (anterior, inferior,
lateral, non-Q-wave, posterior, other, un-
known) and whether the patient received
thrombolytic therapy within 24 hrs pre- or
post-ICU admission.

Data collected for patients admitted after
CABG surgery are summarized in Table 2. Mea-
surements that were unique for patients admit-
ted after CABG surgery included female gender,
number of grafts, whether an internal mammary
graft was used, and whether the patient had
diabetes, prior CABG surgery, or myocardial in-
farction during the current hospitalization. A
detailed description of these demographic,
clinical, and physiologic variables has been
previously reported (1, 21, 22) and is avail-
able along with instructions for their calcu-
lation and use in predicting hospital mortal-
ity at www.criticaloutcomes.cerner.com.

Development of the APACHE IV Model for
Predicting Hospital Mortality. For each pa-
tient we estimated the probability of hospital
mortality using a multivariate logistic regres-
sion procedure. The predictor variables used
by the APACHE IV model for patients who did
not have CABG surgery are shown in Table 1.
The age, APS, and prior length of stay vari-
ables were allowed to have nonlinear relation-

ships with outcomes using restricted cubic
regression splines (25). Splines allow estima-
tion of a nonlinear relationship between a
variable and an outcome and replace less ac-
curate techniques that assume the relation-
ship is linear. Cut points (knots) are chosen
and a separate coefficient is included for each
interval between knots. A restricted cubic
spline transformation (26) was used to expand
age and the APS to five nonlinear terms and
previous length of stay to four nonlinear
terms. The prior length of stay variable was
measured as a continuous rather than an in-
teger variable as was done in APACHE III.
Among the items listed in Table 1, four were
tested as new predictor variables: a) whether a
patient was mechanically ventilated; b)
whether a patient with acute myocardial in-
farction received thrombolytic therapy; c) an
adjustment for the differing prognostic impli-
cations of the GCS and Pao,/Fio,; and d) the
impact of inability to assess GCS due to seda-
tion or paralysis. The later variable was tested
as a means for reducing predictive inaccura-
cies caused by defaulting GCS to normal when
assessment was not possible (8).

We examined the 430 ICU admission diag-
noses to determine whether there were a suffi-
cient number of patients and deaths to enable us
to create a greater number of specific diagnostic
categories than included in APACHE III. New
categories were selected based on their fre-
quency, their clinical homogeneity, and the im-
pact of each diagnosis on hospital mortality.
Unlisted and infrequent diagnoses were placed
into residual body system related “other” cate-
gories. This resulted in an increase in the num-
ber of diagnostic categories from 78 in the 1991
APACHE I1I, version H model (21, 22) to 116 in
APACHE 1V. A list of the 430 ICU admission
diagnoses and the 116 mapped categories used
for APACHE IV predictions are available at www.
criticaloutcomes.cerner.com.

Table 2 displays the variables used in a
multivariate logistic regression procedure for
estimating the probability of hospital mortal-
ity for patients admitted after CABG surgery.
Among the ten predictor variables shown,
eight have been previously reported (23) and
two, length of stay before ICU admission and

Table 2. Data items collected and used for predicting hospital mortality among patients admitted to
intensive care unit (ICU) after coronary artery bypass graft (CABG) surgery

Age; yrs
Acute physiology score variables

Emergency surgery Y/N
Prior CABG surgery YN
Female gender Y/N

Number of grafts

0-45, 46-55, 56-60, 61-65, 66-70, 71-75, 76-85, 85+
Four spline terms added (described in Table 1).

Y/N for six variables for 2, 3, 4, 5, 6, and 7 grafts,

respectively.
Internal mammary artery graft Y/N
Myocardial infarction during Y/N

current hospitalization
Length of stay before ICU admission

Diabetes Y/N

Square root

All predictor variables use ICU day 1 data.
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whether a patient had diabetes, were added
during remodeling in 1998. This analysis also
used a restricted cubic spline transformation
similar to that used for non-CABG patients.

Analysis. The APACHE IV hospital mortality
equation was estimated using a randomly se-
lected patient group that comprised 60% of the
database (training set). We then compared ob-
served and predicted hospital mortality for indi-
vidual patients within the excluded group (vali-
dation set): The default categories with a zero
coefficient (reference patient) had the following
characteristics. Admission diagnosis of acute
myocardial infarction (other), no emergency
surgery, admitted to ICU directly or from emer-
gency room or a stepdown unit, no chronic
health item, APS = 0, able to have GCS mea-
sured, GCS of 15, and not on a ventilator. All
calculations were performed using SAS version
9.1 (SAS Institute, Cary, NC) and S-Plus 6.2
(Insightful Corporation, Seattle, WA). To com-
pare observed and predicted mortality for all ICU
admissions and across patient subgroups, we
calculated an SMR by dividing observed by mean
predicted hospital mortality.

To assess the accuracy of APACHE 1V hos-
pital mortality predictions within the valida-
tion set, we used multiple analytic methods. To
test the ability of the model to distinguish pa-
tients who die from patients who live (discrimi-
nation), we used the area under a receiver oper-
ating characteristic curve (AU-ROC) (27). Values
above 0.80 indicate good discrimination. To
test the degree of correspondence between ob-
served and predicted mortality over the entire
range of risk (calibration), we used three
methods. First, we graphically displayed cali-
bration by plotting observed and predicted
mortality across all risk ranges (28). Second,
we used goodness-of-fit testing to evaluate cal-
ibration across deciles of risk using the Hos-
mer-Lemeshow C statistic (29). Third, we used
a Cox chi-square test to evaluate the equiva-
lence of observed and predicted hospital mor-
tality in aggregate and within subgroups de-
fined by each predictor variable. A significance
criterion of p < .01 was chosen because of the
large sample size and the large number of
statistical tests across multiple subgroups.
Odds ratios were computed by taking exp®,
where X is the value of a variable’s coefficient
in the model. The contribution of each risk
component was based on its reduction to the
full model’s log likelihood. To do this we as-
sessed the difference in log likelihood of the
intercept-only model and the full model,
which is the explainable variation. The differ-
ence in log likelihood for models excluding
each risk component was built and compared
vs. the full model. The difference was then
divided by the explainable variation. We have
compared observed and predicted hospital
mortality across ICUs but will report these
results in a future analysis.

To assess the impact of excess length of
hospital stay on the mortality model, we de-
veloped an equation that included a term that
was used in previous APACHE mortality mod-
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els (21, 22). This term was derived by calcu-
lating the expected hospital length of stay for
survivors, calculating the residual (observed —
expected) for each individual, and then obtain-
ing the mean residual for each ICU. This vari-
able was used to address institutional factors
that keep patients in the hospital longer and
thus increase their likelihood of hospital
death. The accuracy of mortality prediction
using the excess length of stay term was com-
pared with the model not including the added
terms by comparing —2 log likelihood for
each model.

Mortality Predictions Over Time. To eval-
uate the need to reassess and update models
for predicting hospital mortality, we applied
the APACHE IV model and two earlier versions
of APACHE III to the current (2002-2003)
validation data set. The two earlier versions
were a) APACHE III, version H, which was
developed and validated using patient data
from 1988 to 1989 and included statistically
independent equations for 78 disease catego-
ries (1, 21); and b) APACHE III, version I,
which was developed and validated using pa-
tient data from 1993 to 1996 and included
statistically independent equations for 94 dis-
ease categories (unpublished data). For each
model we used the 2002—-2003 validation set to
assess aggregate discrimination using the AU-
ROC, calibration using a Cox chi-square test to
evaluate the equivalence of observed and pre-
dicted hospital mortality, and goodness-of-fit
using the Hosmer-Lemeshow C statistic (29).
We used the same models and validation set to
assess the equivalence of observed and pre-
dicted mortality across disease subgroups that
were selected according to clinical impor-
tance, frequency, and uniformity of definition.

RESULTS

Characteristics of Hospitals and Crit-
ical Care Units. Of the 45 hospitals stud-
ied, 15 (33%) were members of the Coun-
cil of Teaching Hospitals, 13 (29%) were
teaching hospitals that were not mem-
bers of the Council of Teaching Hospitals,
and 17 (38%) were nonteaching hospi-
tals. The mean number of hospital beds
was 478 (range 50-1,030 beds). Among
the 45 hospitals, 11 (24%) had <300
beds, 11 (24%) had 300-399 beds, eight
(18%) had 400-524 beds, seven (16%)
had 525-799 beds, and eight (18%) had
=800 beds. Geographically, 17 (38%)
were located in the Southeast, 14 (31%)
in the West, nine (20%) in the Midwest,
and five (11%) in the Northeast. Among
the 104 units that participated in the
study, 40 were mixed medical-surgical,
17 coronary care, 14 surgical, 12 cardio-
thoracic, 11 medical, seven neurologic,
and three trauma.

Exclusions and Patient Characteris-
tics. To develop and validate the APACHE
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IV model for predicting hospital mortality
among patients without CABG surgery,
21,137 patients were excluded for the fol-
lowing reasons: a) missing APS on day 1
(n = 450); b) remaining in the hospital
>365 days (n = 112); ¢) second or mul-
tiple ICU admissions (n = 8,735); d) ad-
mission from another ICU (n = 2,760);
and d) undergoing CABG surgery (n =
9,180). These exclusions left 110,558
patients for model development and
validation.

The demographic and clinical charac-
teristics of the 110,558 patients are
shown in Table 3, and Figure 1 shows the
distribution of first ICU day acute physi-
ology scores. Appendix Table 1 lists the
75 nonoperative and Appendix Table 2 the
41 postoperative ICU admission diag-
noses used by the APACHE IV model. In
aggregate, the 12 most frequent ICU ad-
mission diagnoses accounted for 29.8%
of all admissions. The 13 residual “other”
categories (eight nonoperative and five
postoperative) accounted for 12.2% of
nonoperative and 17.8% of postoperative
admissions.

The APACHE IV Model for Predicting
Hospital Mortality. Variables included in
the predictive model are shown in Table 1.
The variables include the APS plus addi-
tional spline terms, age plus additional
spline terms, square root of the previous
length of stay plus additional spline terms,
emergency surgery, whether a patient was
ventilated on ICU day 1, a rescaled GCS
score, inability to assess GCS due to seda-
tion or paralysis, thrombolytic therapy for
patients with acute myocardial infarction,
seven chronic health items, three variables
for location before ICU admission, Pao./
F10, ratio, and 115 categorical variables for
admission diagnoses (“acute myocardial in-

farction, other” was the default category
with no separate coefficient). Thus a total of
142 variables were included in the model
resulting in an average of 42 deaths per
variable in the validation data set. This in-
dicates that the full model did not contain
too many variables relative to the number
of outcomes.

Analysis of Aggregate Discrimination
and Calibration. The results from apply-
ing the APACHE IV model for non-CABG
surgery patients to the validation data set
are given in Table 4. The observed and
mean predicted mortality were 13.51%
and 13.55%, respectively, for an SMR =
0.997 (p = .76). AU-ROC was 0.88 indi-
cating that the model had excellent dis-
crimination. The Hosmer-Lemeshow chi-
square was 16.8 (10 df, p = .08), which is
not significant (on the validation set 10 df
was used; see Ref. 30, page 188). The
model had an adjusted R? = .44, indicat-
ing that it accounted for 44% of the vari-
ation in outcomes. The relative explana-
tory power for the predictor variables is
shown in Figure 2. The most important
variable was the APS, followed by disease
group and age. Table 5 shows the ob-
served and mean predicted mortality
rates by risk deciles. The largest differ-
ence by decile was 1.6%, which occurred
in the >90-100% decile. Figure 3 graph-
ically displays the close relationship be-
tween observed and mean predicted mor-
tality across risk deciles.

Analysis of Predictive Accuracy
Within Patient Subgroups. Because
splined variables generate predictions
based on nonlinear terms, their contribu-
tion as APACHE 1V predictor variables is
best viewed by examining risk over
ranges of the variables. The coefficients
and mortality probabilities for differing

Table 3. Demographic and clinical characteristics of 110,558 patients admitted to 104 U.S. intensive
care units between January 1, 2002, and December 31, 2003

Training Data Set Validation Data Set

(n = 66,270) (n = 44,288)
Age, yrs 61.51 = 0.07 61.45 + 0.08
Acute physiology score 38.83 = 0.10 38.72 = 0.12
Prior length of stay, square root days 0.786 = 0.004 0.777 = 0.005
Pao,/Fi0, ratio 332.70 + 0.41 332.46 + 0.50
Died in hospital, % 13.6 13.5
One or more APACHE comorbidities, % 10.4 10.6
Emergency surgery 5.7 55
Unable to assess GCS due to sedation, % 8.0 8.1
Ventilated on day 1, % 35.1 35.1
Postoperative patient, % 30.9 30.8
Gender, % male 54.2 54.2
Race, % white 69.3 69.5

APACHE, Acute Physiology and Chronic Health Evaluation; GCS, Glasgow Coma Score.

Crit Care Med 2006 Vol. 34, No. 5

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



30000

25000

20000

15000

# Patients

10000

5000 A

-10 11-20 21-30

31-40

41-50 51-60 61-70 71-80

Day 1 Acute Physiology Scores

Figure 1. Distribution of intensive care unit day 1 acute physiology score.

Table 4. Comparison of discrimination and calibration of the Acute Physiology and Chronic Health
Evaluation (APACHE) IV mortality model and earlier APACHE III versions when applied to the same

2002-2003 validation data set (n = 44,288)

APACHE III— APACHE III—
Version APACHE IV Version I Version H®
Observed mortality rate, % 13.51 13.51 13.51
Predicted mortality rate, % 13.55 14.64 16.90
SMR, observed/predicted 0.997 (p = .79) 0.923 (p < .001) 0.799 (p < .001)
Area under the ROC curve 0.880 0.870 0.868
Hosmer-Lemeshow x? 16.8 (p = .08) 124.6 (p < .001) 635.4 (p < .001)

ROC, receiver operating characteristic curve.

?APACHE IV was validated using data for 44,288 admissions to 104 intensive care units during 2002
and 2003; 2APACHE III version I was developed using data for 40,264 admissions to 188 intensive care
units during 1993 and 1996 (unpublished data); YAPACHE III version H was developed using data for
16,662 admissions to 42 intensive care units during 1988 and 1989 (Refs. 2, 23).

values of the APS, for age, and for previ-
ous length of stay are shown in Table 6.
The coefficients for each of these spline
terms are automatically calculated at
www.criticaloutcomes.cerner.com. The
influence of the APS was more pro-
nounced than that for age, and the latter
was more influential than previous
length of stay. Figure 4 shows how risk
increased with increasing APS within
four diagnostic groups.

Among the 116 ICU admission diag-
noses used in the APACHE IV model, 29

Crit Care Med 2006 Vol. 34, No. 5

(25%) had significant coefficients and 54
(47%) had p values <.10. The diagnoses
for non-CABG surgery patients and the
observed and mean predicted mortality,
SMR, regression coefficient, and odds ra-
tio for each diagnosis in the validation set
are shown in Appendix Tables 1 and 2.
Among the 116 ICU admission diagnoses,
there was no significant difference
(p < .01) between observed and mean pre-
dicted hospital mortality for 65 (87%) of
the 75 nonoperative diagnoses and 40
(98%) of the 41 postoperative diagnoses.

81-90

91-100 101-110 111-120 >120
Mech. Vent., 0.6%~
|
Diagnosis, 16.5%
Admission Variables,
2.9%
Chronic Health
tems, 5.0%
Age, 9.4%
Acute

Physiology , 65.6%

Figure 2. Unique relative contribution of each
risk factor to hospital mortality prediction. The
acute physiology category includes the acute
physiology score of Acute Physiology and
Chronic Health Evaluation III, inability to assess
Glasgow Coma Scale, and rescaled Glasgow Coma
Scale and Pa0,/Fi0, ratio. The admission vari-
ables include patient admission source and
length of stay before intensive care unit admis-
sion. The diagnosis category includes 116 mutu-
ally exclusive primary reasons for intensive care
unit admission, emergency surgery, and throm-
bolytic therapy for patients with acute myocar-
dial infarction.

Overall, there was no significant difference
(p < .01) between observed and mean pre-
dicted mortality for 105 (91%) of the 116
diagnostic groups. Of the 11 significantly
different diagnostic groups, seven had
SMRs <1.00 and four had SMRs >1.00.
For the residual “other” diagnostic catego-
ries listed in Appendix Tables 1 and 2, there
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Table 5. Observed and predicted hospital mortality rates across risk deciles within the validation data

set (n = 44,288)

Observed Deaths

Predicted Deaths

Risk Decile” No. (%) No. (%) Difference, %
1 24 (0.5) 21(0.5) 0.1
2 30 (0.7) 44 (1.0) —0.3
3 70 (1.6) 73 (1.6) —0.1
4 100 (2.3) 113 (2.6) —0.3
5 182 (4.1) 172 (3.9) 0.2
6 264 (6.0) 263 (5.9) 0.0
7 420 (9.5) 417 (9.4) 0.1
8 751 (17.0) 700 (15.8) 1.1
9 1,331 (30.1) 1,314 (29.7) 0.4

10 2,813 (63.5) 2,883 (65.1) -1.6

“Risk decile: population sorted by increasing predicted risk and then split into deciles. Sum of

(observed — expected)?/expected = x? = 16.8, df = 10, p = .08.
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Figure 3. Calibration curve comparing observed and predicted hospital mortality rates across 10%
intervals of predicted risk and distribution of risk for the 44,288 intensive care unit admissions in the
validation data set. The 45° line indicates perfect predictive ability. The line connecting triangles plots

the number of patients in each risk group.

was no significant difference between ob-
served and mean predicted hospital mortal-
ity for 12 (92%) of the 13 categories.
Appendix Table 3 shows observed and
mean predicted mortality, SMR, odds ra-
tio, and the coefficients for each non-
splined variable. The odds ratios for pa-
tients having emergency surgery, unable
to have the GCS assessed, and ventilated
on day 1 were all significantly greater
than 1.00. The observed and predicted
mortality rates for these patients were
within 1%. The odds ratio for patients
with acute myocardial infarction who re-
ceived thrombolytic therapy was 0.56.
However, the SMR for this group was
1.54, which indicates poor calibration
among these patients. The odds ratio for
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rescaled GCS was 1.04 for each 1-point
increase in score, apart from the increase
in the APS that would also occur. Thus a
patient with a rescaled GCS = 12 (mea-
sured GCS = 3) had an odds ratio of 1.60
compared with a patient with a rescaled
GCS = 0 (measured GCS = 15). Increas-
ing Pao,/F10, ratios decreased the mortal-
ity probability slightly. Except for high
values of Pao,/Fi0,, the model’s predic-
tions were close to the observed mortal-
ity. Each of the chronic health items had
significant odds ratios, which ranged
from 1.55 to 2.96. Except for patients
with lymphoma, the SMRs by chronic
health item were close to 1.0. The various
admission sources had a nonsignificant
odds ratio, except for admission from the

operating/recovery room, which had an
odds ratio of 0.56. The SMR for each
admission sources was close to 1.0.

Each nonsplined APACHE IV predictor
variable and its regression coefficient are
also available at www.criticaloutcomes.
cerner.com. This Web site also provides the
ability to automatically calculate spline
terms for APS, age, and previous length of
stay and to apply both splined and non-
splined terms to arrive at an individual’s
prediction of mortality.

Impact of Excess Hospital Length of
Stay on Mortality Prediction. When the
variable reflecting excess length of hospital
stay was added to the APACHE IV model, it
was highly significant (likelihood ratio chi-
square = 73.8, p < .001). When compared
with the model without that term, there
was a decline in goodness-of-fit (Hosmer-
Lemeshow chi-square went from 16.8 to
25.9) but no change in discrimination (AU-
ROC = 0.88 for both models) or SMR
(0.997 for both models). Because the ex-
cess length of hospital stay variable did
not improve model performance and is
logistically difficult to calculate, it was
not included in the APACHE IV model.

Mortality Prediction for Patients Ad-
mitted After CABG Surgery. The original
model for predicting hospital mortality
after CABG surgery (23) was remodeled
in 1998 using data for 3,689 patients ad-
mitted during 1993 through 1996. The
remodeled equation (APACHE III-CABG,
version I) was revalidated using our cur-
rent data for 9,180 patients admitted dur-
ing 2002 and 2003. Observed mortality
was 2.16% and predicted mortality was
2.16% for an SMR of 0.997 (chi-square =
0.002, p = .96). Given the low mortality
rate and excellent SMR, we did not re-
model this equation and have included it
as a part of APACHE 1V.

APACHE Mortality Predictions Over
Time. Aggregate hospital mortality predic-
tions using APACHE IV and APACHE III,
versions H and I, in the current validation
data set are shown in Table 4. Discrimina-
tion did not decline for the three models,
but calibration as measured by the SMR
and Hosmer-Lemeshow statistic declined
for version I and deteriorated further for
version H. Table 7 shows how applying the
three models affected the SMR for diagnos-
tic groups chosen because their frequency
and definitions were constant across ver-
sions. APACHE 1V performed significantly
better than APACHE III version I for pa-
tients with sepsis (nonurinary tract), car-
diac arrest, and noncardiac pulmonary
edema (acute respiratory distress syn-
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Table 6. Mortality probabilities for various values of the acute physiology score (APS),? age,” and length drome) and significantly better than
of stay® given default or mean values for all other variables? APACHE III version H for patients with the
same diagnoses and for patients with em-
physema/bronchitis and hepatic failure.

95% Confidence Interval

Mortality
Probability, % Lower Upper
DISCUSSION
Acute physiology score
20 2.7 2.0 3.8 APACHE 1V was developed because the
23 ?g gg 182 accuracy of APACHE III changed signifi-
50 15 85 152  cantly over the last decade. The APACHE IV
60 16.1 12.1 21.0 model has excellent discrimination (AU-
70 21.8 16.7 28.0  ROC = 0.88), and aggregate predicted hos-
80 28.8 22.4 36.0  pital mortality (13.51%) is statistically
?go Zgg ggg éﬁg identical to observed 13.55% (p = .76) for
Age, yrs the validation data set. Calibration is ex-
30 4.1 2.9 56  cellent with a nonsignificant Hosmer-
45 5.6 41 7.7 Lemeshow C statistic (16.8, p = .08) de-
60 7.2 5.3 9.7 gpite the large validation sample size. The
70 9.8 7.2 13.0 .
80 132 9.9 174  difference between observed and mean
90 16.4 12.3 215  predicted hospital mortality across risk
Previous length of stay deciles is 0.1-0.4% except for the 70—
0 7.1 5.2 9.7 80% decile (1.1%) and 90-100% decile
lllzhffrs gg ég gg (1.6%). For most subgroups, the ratio of
1 day 8.2 6.0 11.0  observed to mean predicted hospital mox-
2 days 9.4 6.9 12.6  tality is near 1.0, and 90% of the SMRs
4 days 10.5 7.8 142 within disease groups are not signifi-

) - cantly different from 1.0. Although a
“The coefficients for APS and the spline terms were 0.556, 0.000008719, —0.00005, 0.00005,

—0.0000131, and —0.000000865. The last five coefficients emanate from using knots at APS = 10, 22, smaller sample size for some dlse.ase
32, 48, 89, respectively; °the coefficients for age and the spline terms were 0.0242, —0.00000439, groups C.aused a IQW power of detection,
0.00005, —0.00013, 0.000109606, and —0.000027572. The last five coefficients emanate from using the relative magnitude of observed mor-
knots at age = 27, 51, 64, 74, 86, respectively; “the coefficients for previous length of stay and the tality correlated well with that of pre-
spline terms were —0.3105, 1.4747, —2.8619, 1.4216590103, and —0.034445822. The last four ~dicted risk. Because of its accuracy for
coefficients emanate from using knots at previous length of stay = 3 hrs, 10 hrs, 19 hrs, and 2.8 days,  U.S. patients, APACHE IV can be used to
respectively; “default disease group is acute myocardial infarction (AMI) other, thrombolytic therapy =~ benchmark ICU performance using ag-
= no Glasgow Coma Scale (GCS) = 15, Pa0o,/Fi0, = 385.7, no chronic health items, direct admission,  gregate SMRs to assess quality of care and
non-ventilated, unable = no, and emergency surgery = no. disease-specific SMRs to evaluate out-
comes for patient subgroups. To enhance
this application, APACHE IV has been
07 5 07 placed in the public domain via a Web site
—o— HEADTR / spreadsheet that provides the ability to
R I gig%ig’; Lok predict individual patient mortality.
—— GIVASC Several factors are likely to account
/ for the accuracy of APACHE IV mortality
predictions. First, APACHE IV is based on
the successful use of physiologic abnor-
malities for risk adjustment, which ac-
counted for 66% of the model’s explana-
tory power. Because the APS was splined
a simple odds ratio is not possible, but as
shown in Table 6 and Figure 3, the pre-
dicted mortality consistently increases
with an increasing APS. Second, the ac-
curacy of physiologic risk adjustment was
01 improved by adding rescaled Pao./Fio,
and GCS variables and by reducing the
50 : : ‘ | | | | ‘ | | 60 impact of defaulting the GCS to a normal
50 a0 40 50 B0 70 &0 9n 400 140 value when sedation or paralysis made
APS direct assessment impossible. Third, we

Figure 4. Relationship between first intensive care unit day acute physiology score (APS) and predicted 1mpr9ved case-rm_x adjus_tment by ) n-
mortality for four disease groups. Disease groups are indicated as follows: circles, head trauma  Creasing the precision of disease labeling.
(HEADTR); triangles, surgery for respiratory cancer (SRESPCA); squares, cardiac arrest (CARDARR); ICU admission diagnosis accounts for
diamonds, gastrointestinal vascular insufficiency (GIVASC). 17% of the model’s explanatory power,
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Table 7. Standardized mortality ratio for selected disease groups when Acute Physiology and Chronic Health Evaluation (APACHE) IV, APACHE III version I, and
APACHE III version H predictions are used for the 2002-2003 validation data set (n = 44,288)

APACHE V¢ APACHE III Version 12 APACHE III Version H¢
Observed Predicted Predicted Predicted
Disease Group No. Mortality, % Mortality, % SMR Mortality, % SMR Mortality, % SMR

Sepsis (nonurinary tract) 1,821 37.3 374 1.00 41.8 0.89¢ 45.2 0.83¢
Cardiac arrest 872 58.3 58.4 1.00 53.1 1.10¢ 54.5 1.07¢
Emphysema/bronchitis 878 15.1 13.4 1.13 17.4 0.87 19.8 0.767
Noncardiac pulmonary 310 27.7 28.2 0.98 36.3 0.764 34.0 0.82°¢

edema (ARDS)
Thoractomy for lung 633 4.1 4.3 0.96 3.5 1.16 52 0.80

neoplasm
Aortic aneurysm, elective 701 5.6 4.7 1.19 3.9 1.41 4.6 1.20

repair
Stroke 860 215 20.2 1.06 19.8 1.09 22.6 0.95
Hepatic failure 236 45.8 41.4 1.11 47.4 0.97 59.3 0.77¢
Respiratory arrest 490 34.1 32.2 1.06 35.3 0.97 37.4 0.91

SMR, standardized mortality ratio; ARDS, acute respiratory distress syndrome.

2APACHE 1V was validated using data for 44,288 admissions to 104 intensive care units during 2002 and 2003; APACHE III version I was developed
using data for 40,264 admissions to 188 intensive care units during 1993 and 1996 (unpublished data); “APACHE III version H was developed using data
for 1,662 admissions to 42 intensive care units during 1988 and 1989 (Refs. 2, 23); v < .001; ®p < .01.

and we believe that expanding the num-
ber of diagnostic coefficients to 116 was a
major factor in improving predictive ac-
curacy. Fourth, we used advanced statis-
tical methods, particularly the expanded
use of splines for age (9% of explanatory
power), APS, and prior length of stay vari-
ables. Finally, we continued to adjust for
the prognostic impact of patient location
before ICU admission (11, 12) and incor-
porated new variables based on data avail-
ability and published information about
their independent prognostic impact.
The same factors that account for the
accuracy of APACHE IV predictions also
contribute to its complexity. There are
142 variables in the mortality equation,
although most (115) are disease groups.
In all nine sets of variables are measured
age, APS, chronic health comorbidities,
previous length of stay, ventilator status,
thrombolytic therapy for patients with
acute myocardial infarction, emergency
surgery, admission source, and ICU ad-
mission diagnosis. Two additional vari-
ables, unable to assess GCS and Pao,/Fio,
ratio, are assessed during the recording
of components of the APS. The heaviest
data burden involves collecting the 16
measurements that make up the APS.
We believe the complexity of APACHE
IV is best addressed by excellent training
and information technology. To ensure
thorough training for data collection,
there is a Web-based training manual at
www.criticaloutcomes.cerner.com. Auto-
mated collection of APS variables pro-
vides one example of how information
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technology can reduce data collection ef-
fort and improve data reliability (30, 31).
Laboratory data are captured electroni-
cally, worst values identified, and derived
physiologic variables calculated. Each
spline term is calculated automatically,
and regression coefficients for all splined
and nonsplined variables are used to au-
tomatically calculate both individual and
group mortality predictions. Data collec-
tion effort is also reduced and reliability
enhanced by the use of computerized
pick lists. For example, a “pick list” of 430
ICU admission diagnoses uses a hierarchy
of operative status and body system to
simplify selection of an ICU admission
diagnosis. APACHE 1V is also available at
www.criticaloutcomes.cerner.com. This
Web site supports manual data entry, au-
tomatically calculates spline terms, pro-
vides regression coefficients, and calcu-
lates predicted mortality.

Our analysis of predictive accuracy
over time showed that estimates of aggre-
gate hospital mortality deteriorated pro-
gressively for older APACHE III versions.
Aggregate hospital mortality was overpre-
dicted, SMR fell, and the Hosmer-
Lemeshow statistic deteriorated (Table
5). This systematic overestimation of
mortality has been reported in other U.S.
studies (5, 32) and called “grade infla-
tion” (33). It is overly simplistic, how-
ever, to attribute overestimates of mor-
tality to aggregate improvements in ICU
therapy. Reductions in mortality from crit-
ical illness are typically related to treatment
advances that are disease specific. These

advances have included new drugs (e.g.,
drotrecogin alpha [activated]), new tech-
nologies (e.g., noninvasive positive pres-
sure ventilation), or new techniques (e.g.,
low tidal volume ventilation, goal-directed
hemodynamic support in sepsis). We spec-
ulate that these advances might account
for the improved hospital survival and
significant overestimation of mortality by
APACHE III for patients with sepsis, em-
physema or bronchitis, and noncardiac
pulmonary edema shown in Table 7. In
contrast, for patients admitted for cardiac
arrest, hospital survival declined and
mortality was progressively underesti-
mated by APACHE III. These changes
might be related to recent changes in
end-of-life care (34, 35). These findings,
together with the marked variations in
mortality for specific diagnoses within
body system categories (Appendix Tables
1 and 2), support the importance of more
precise adjustment for ICU admission di-
agnosis in prognostic models.

In developing APACHE IV we used pub-
lished information to improve prognostic
accuracy. A consistent policy of recording
inability to assess neurologic status due to
sedation or paralysis (4, 36) allowed us to
reduce the predictive inaccuracies caused
by defaulting the GCS to normal values (8).
Including an “unable to assess GCS” vari-
able had a significant impact on mortality
(odds ratio = 2.19), whereas observed vs.
predicted mortality ratios by GCS interval
remained in good agreement. We also
tested the use of mechanical ventilation (3,
37, 38) and thrombolytic therapy for pa-
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tients with acute myocardial infarction (39,
40) as model variables. The increased accu-
racy of mortality predictions within pre-
cisely defined disease categories is also sup-
ported by published reports. For example,
predicted mortality by infection site in sep-
sis ranged from 19.4% for urinary tract to
42.3% for gastrointestinal. These differ-
ences in outcome by infection site differ in
magnitude but are consistent with findings
from the PROWESS study (41). Variation in
APACHE IV-predicted mortality for patients
with different types and locations of acute
myocardial infarction is also similar to pre-
vious findings (42, 43).

The increased complexity of APACHE
IV represents a continued departure from
the simplification that characterized
APACHE 1II (44) and other second-
generation prognostic scoring systems. A
recently developed automated risk adjust-
ment system for Veterans Affairs ICUs
(45—47) is similar to APACHE IV in its
complexity and emphasis on information
technology. We also know that the accu-
racy of older prognostic models such as
APACHE 1II has deteriorated over time,
and they lack predictor variables of
proven prognostic significance (1, 21).
For these reasons, APACHE II mortality
predictions, even when recalibrated in
large contemporary databases, are likely
to be inaccurate due to the absence of
multiple predictor variables. Based on the
absence of critical variables and the limits
of recalibration, we recommend that
APACHE II no longer be used to compare
observed and predicted mortality. We be-
lieve, however, that the APACHE II score
continues to be a useful summary mea-
sure of severity of illness.

In the future, prognostic models are
likely to become even more complex and
dependent on information technology.
They may require additional treatment
variables (48-52), adjustment for treat-
ment limitations (14, 53, 54), and further
diagnostic precision. For example, in this
study observed mortality for patients with
neurologic infection reflected the average
death rate for patients with brain abscess
(25%), encephalitis (5%), and meningitis
(11%). Predicted mortality (11.4%) was
significantly different (p < .01) from ob-
served (17.9%), but accuracy would likely
improve if patient numbers were suffi-
cient to develop coefficients for each type
of neurologic infection.

The APACHE IV model is subject to sev-
eral limitations. First, it is unlikely that
accurate mortality predictions will be pos-
sible in other countries. APACHE IV was

Crit Care Med 2006 Vol. 34, No. 5

developed and validated only in U.S. ICUs.
International differences in bed availability,
ICU structure, patient referral, selection
criteria, and care before and after ICU are
likely to have an adverse impact on predic-
tive accuracy (7, 9, 13, 55-57). Second, the
use of data from ICUs that purchased an
APACHE system represents a selection bias.
Despite being collected in 45 hospitals with
variations in bed size, teaching status, and
geographical regions, our data might not
be nationally representative. Third, al-
though the sample size in this analysis was
large, the results of the logistic regression
analysis may have been influenced by the
random assignment of patients to training
or validation data sets. Although the actual
values of the coefficients might change
with a different sampling assignment, the
small standard errors for the major vari-
ables and relatively narrow confidence in-
tervals around the odds ratios suggest that
uncertainty is not large. Fourth, prediction
for an individual contains variance. For ex-
ample, for three selected patients where the
predicted probabilities were 5.0%, 20.0%,
and 40.0% (data not shown), the 95% con-
fidence intervals were (3.9%, 6.5%),
(16.8%, 23.7%), and (36.3%, 43.8%), re-
spectively. Thus, a prediction is only an
approximate indicator of an individual’s
probability of mortality. Fifth, the use of
aggregate SMR as an ICU performance
benchmark is limited by factors that are
not directly related to quality of care. These
factors include the frequency of treatment
limitations, early discharge to skilled nurs-
ing facilities, and care before and after ICU
admission (14, 16). Sixth, we anticipate
that the accuracy of APACHE IV will dete-
riorate in the future. New knowledge, new
therapies, wider use of low tidal volume
ventilation and drotrecogin alpha (acti-
vated), and changes in end-of-life care
make it likely that the model will need to be
revised and updated.

CONCLUSIONS

Prognostic estimates derived from pre-
dictive models become increasingly inaccu-
rate as the time between their develop-
ment, updating, and application increases.
Mortality tends to be underestimated, but
changes are not uniform and may be re-
lated to disease specific changes in therapy.
Predictive models require periodic retest-
ing, and when accuracy deteriorates they
should be reestimated and variables with
demonstrated prognostic significance
tested for inclusion. APACHE IV predic-
tions of hospital mortality have excellent

discrimination and calibration and should
be useful for benchmarking ICU perfor-
mance in U.S. ICUs.
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APPENDIX TABLE 1. Relationship between predictor variables used in Acute Physiology and Chronic Health Evaluation IV and in-hospital mortality:
Nonoperative diagnostic groups

Hospital
Deaths (%)
Predicted
No. of No. Rounded
Diagnostic Group Patients Observed to Integer SMR X2 p Value Coefficient 0Odds Ratio
Cardiovascular diagnoses
AMI
Anterior 565 54 (9.6) 41 (7.3) 1.31 5.36 .02 0.10295 1.11
Inferior/lateral 863 36 (4.2) 44 (5.1) 0.82 1.99 >.10 —0.15253 0.86
Non-Q 643 34 (5.3) 50 (7.8) 0.68 7.40 <.01 —0.27087 0.76
Other 338 42 (12.4) 34 (10.0) 1.24 2.92 .09 Reference N/A
Cardiac arrest 872 508 (58.3) 509 (58.4) 1.00 0.01 >.10 0.416919 1.52
Cardiogenic shock 206 89 (43.2) 91 (44.0) 0.98 0.08 >.10 0.239711 1.27
Cardiomyopathy 87 13 (14.9) 13 (14.9) 1.00 0.00 >.10 0.059962 1.06
Congestive heart failure 1,627 220 (13.5) 208 (12.8) 1.06 0.93 >.10 —0.42259 0.66
Chest pain, rule out AMI 347 1(0.3) 6 (1.8) 0.16 5.11 .02 —1.12235 0.33
Hypertension 417 18 (4.3) 19 (4.5) 0.95 0.06 >.10 —0.81392 0.44
Hypovolemia/dehydration (not shock) 363 44 (12.1) 48 (13.3) 0.91 0.62 >.10 —0.62259 0.54
Hemorrhage (not related to GI bleeding) 88 14 (15.9) 14 (15.6) 1.02 0.01 >.10 —0.65676 0.52
Aortic aneurysm 152 32 (21.1) 28 (18.6) 1.13 0.87 >.10 0.649149 1.91
Peripheral vascular disease 396 28 (7.1) 23 (5.9) 1.20 1.29 >.10 —0.50275 0.60
Rhythm disturbance 1,120 73 (6.5) 98 (8.8) 0.74 9.29 <.01 —0.60306 0.55
Sepsis (by infection site)
Cutaneous 157 32 (20.4) 46 (29.1) 0.70 8.44 <.01 0.12644 1.13
Gastrointestinal 361 162 (44.9) 153 (42.3) 1.06 1.50 >.10 —0.13011 0.88
Pulmonary 478 192 (40.2) 183 (38.2) 1.05 1.09 >.10 —0.25877 0.77
Urinary tract 573 101 (17.6) 111 (19.4) 0.91 1.59 >.10 —0.73279 0.48
Other location 359 118 (32.9) 126 (35.1) 0.94 1.25 >.10 —0.04234 0.96
Unknown location 466 176 (37.8) 175 (37.5) 1.01 0.02 >.10 —0.09338 0.91
Cardiac drug toxicity 140 11 (7.9) 14 (9.8) 0.80 0.76 >.10 —0.69094 0.50
Unstable angina 1,086 27 (2.5) 17 (1.6) 1.54 5.36 .02 —1.21273 0.30
Cardiovascular, other 758 66 (8.7) 70 (9.2) 0.94 0.31 >.10 —0.36966 0.69
Respiratory diagnoses
Airway obstruction 189 17 (9.0) 12 (6.2) 1.46 3.32 .07 —0.97767 0.38
Asthma 241 5(2.1) 5(2.0) 1.06 0.02 >.10 —1.54068 0.21
Aspiration pneumonia 458 102 (22.3) 129 (28.2) 0.79 10.37 .001 —0.37224 0.69
Bacterial pneumonia 1,289 302 (23.4) 307 (23.8) 0.99 0.12 >.10 —0.04337 0.96
Viral pneumonia 86 21 (24.4) 19 (21.6) 1.13 0.53 >.10 0.254375 1.29
Parasitic/fungal pneumonia 42 12 (28.6) 19 (44.7) 0.64 5.59 .02 1.056187 2.88
COPD (emphysema/bronchitis) 878 133 (15.1) 118 (13.4) 1.13 2.65 >.10 —0.3987 0.67
Pleural effusion 154 42 (27.3) 40 (25.9) 1.05 0.18 >.10 0.189901 1.21
Pulmonary edema (noncardiac) 310 86 (27.7) 87 (28.2) 0.98 0.04 >.10 —0.24169 0.79
Pulmonary embolism 368 48 (13.0) 54 (14.7) 0.89 1.10 >.10 —0.05153 0.95
Respiratory arrest 490 167 (34.1) 158 (32.2) 1.06 1.06 >.10 —0.39063 0.68
Respiratory cancer (oral, larynx, lung, trachea) 132 63 (47.7) 65 (48.9) 0.98 0.10 >.10 0.966314 2.63
Restrictive lung disease (fibrosis, sarcoidosis) 78 31 (39.7) 35 (44.6) 0.89 0.98 >.10 1.555297 4.74
Respiratory Disease, other 1,094 232 (21.2) 226 (20.7) 1.03 0.28 >.10 0.24049 1.27
GI diagnoses
GI bleeding, upper 1,236 122 (9.9) 128 (10.4) 0.95 0.45 >.10 —0.55183 0.58
GI bleeding lower/diverticulitits 607 42 (6.9) 46 (7.6) 0.91 0.51 >.10 —0.57947 0.56
GI bleeding, varices 192 21(10.9) 35 (18.4) 0.60 11.27 .001 —0.52772 0.59
GI inflammatory disease 122 19 (15.6) 19 (16.0) 0.98 0.02 >.10 —0.21177 0.81
Neoplasm 40 15 (37.5) 14 (34.9) 1.08 0.18 >.10 0.19513 1.22
Obstruction 90 21(23.3) 18 (19.5) 1.20 1.16 >.10 —0.36995 0.69
Perforation 67 17 (25.4) 16 (23.6) 1.08 0.16 >.10 —0.32717 0.72
Vascular insufficiency 37 15 (40.5) 18 (48.4) 0.84 1.41 >.10 0.714879 2.04
Hepatic failure 236 108 (45.8) 98 (41.4) 1.11 2.70 >.10 —0.11968 0.89
Intra/retroperitoneal hemorrhage 72 21 (29.2) 15 (21.0) 1.39 4.50 .03 —0.65954 0.52
Pancreatitis 170 30 (17.6) 26 (15.1) 1.17 1.18 >.10 —0.51363 0.60
Gastrointestinal, other 124 8 (6.5) 14 (11.3) 0.57 3.59 .06 —0.25259 0.78
Neurologic diagnoses
Intracerebral hemorrhage 983 321(32.7) 315 (32.0) 1.02 0.27 >.10 0.945056 2.57
Neurologic neoplasm 138 15 (10.9) 12 (8.7) 1.24 0.94 >.10 0.018953 1.02
Neurologic infection 145 26 (17.9) 16 (11.4) 1.58 7.51 <.01 —0.53578 0.59
Neuromuscular disease 89 6 (6.7) 6 (7.0) 0.97 0.01 >.10 —0.55065 0.58
Drug overdose 1,063 15 (1.4) 22 (2.0) 0.70 2.29 >.10 —1.55262 0.21
Subdural/epidural hematoma 314 34 (10.8) 41 (13.0) 0.83 1.69 >.10 0.295094 1.34
Subarachnoid hemorrhage, intracranial aneurysm 507 95 (18.7) 96 (19.0) 0.99 0.03 >.10 0.61595 1.85
Seizures (no structural disease) 541 45 (8.3) 47 (8.7) 0.95 0.14 >.10 —0.94217 0.39
Stroke 860 185 (21.5) 174 (20.2) 1.06 1.16 >.10 0.519453 1.68
Neurologic, other 308 13 (4.2) 26 (8.3) 0.51 8.52 <.01 —0.17683 0.84
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APPENDIX TABLE 1—(Continued)

Hospital
Deaths (%)
Predicted
No. of No. Rounded
Diagnostic Group Patients Observed to Integer SMR Ve p Value Coefficient ~ Odds Ratio
Trauma diagnoses
Trauma involving the head
Head trauma with either chest, abdomen, 165 26 (15.8) 16 (9.8) 1.60 8.51 <.01 —0.37235 0.69
pelvis, or spine injury
Head trauma with extremity or facial 188 14 (7.4) 16 (8.4) 0.89 0.25 >.10 —0.36413 0.69
trauma
Head trauma only 625 113 (18.1) 105 (16.8) 1.08 1.04 >.10 0.595869 1.81
Head trauma with multiple other injuries 319 51 (16.0) 50 (15.6) 1.02 0.04 >.10 —0.06796 0.93
Trauma, chest and spine trauma 125 16 (12.8) 12 (9.4) 1.36 2.64 >.10 —0.71743 0.49
Trauma, spine only 122 12 (9.8) 9 (7.0) 1.41 1.94 >.10 0.033769 1.03
Multiple trauma (excluding head trauma) 829 41 (4.9) 37 (4.5) 1.10 0.46 >.10 —0.67811 0.51
Metabolic/endocrine diagnoses
Acid-base, electrolyte disorder 191 22 (11.5) 24 (12.5) 0.92 0.24 >.10 —0.64058 0.53
Diabetic ketoacidosis 605 13 (2.1) 11 (1.8) 1.19 0.44 >.10 —1.7757 0.17
Hyperglycemic hyperosmolar nonketotic 352 59 (16.8) 44 (12.5) 1.35 7.65 <.01 —0.92716 0.40
coma
Metabolic/endocrine, other 193 24 (12.4) 15 (7.6) 1.64 8.22 <.01 —0.98644 0.37
Hematologic diagnoses
Coagulopathy, neutropenia, 59 16 (27.1) 14 (24.3) 1.12 0.37 >.10 0.258172 1.29
thrombocytopenia, pancytopenia
Hematologic, other 269 34 (12.6) 28 (10.2) 1.24 2.34 >.10 —0.34235 0.71
Genitourinary diagnoses
Renal, other 447 83 (18.6) 83 (18.6) 1.00 0.00 >.10 —0.54158 0.58
Miscellaneous diagnoses
General, other 580 30 (5.2) 29 (5.0) 1.03 0.03 >.10 —0.66758 0.51

SMR, standardized mortality ratio; AMI, acute myocardial infarction; GI, gastrointestinal; COPD, chronic obstructive pulmonary disease.

Appendix is continued on the next page.
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APPENDIX TABLE 2. Relationship between predictor variables used in Acute Physiology and Chronic Health Evaluation IV and in-hospital mortality:
Postoperative diagnostic groups

Hospital
Deaths (%)
Predicted
No. of No. Rounded
Diagnostic Group Patients Observed to Integer ~ SMR x> p Value Coefficient Odds Ratio
Cardiovascular surgery
Valvular heart surgery 606 18 (3.0) 21 (3.4) 0.88 0.35 >.10 —1.37176 0.25
CABG with double or redo valve surgery 89 11 (12.4) 16 (17.6) 0.70 1.93 >.10 —0.15514 0.86
CABG with single valve surgery 423 28 (6.6) 28 (6.7) 0.99  0.00 >.10 —1.19943 0.30
Aortic aneurysm, elective repair 701 39 (5.6) 33 (4.7) 1.19  1.39 >.10 —0.7607 0.47
Aortic aneurysm, rupture 123 43 (35.0) 39 (32.0) 1.09 0.71 >.10 0.204405 1.23
Aortic aneurysm, dissection 55 5(9.1) 9 (17.2) 053  3.29 .07 —0.17846 0.84
Femoral-popliteal bypass graft 284 8 (2.8) 9 (3.3) 0.86 0.19 >.10 —0.78657 0.46
Aorto-iliac, aorto-femoral bypass graft 256 6 (2.3) 6 (2.5) 0.94  0.03 >.10 —0.83119 0.44
Peripheral ischemia (embolectomy, thrombectomy, 457 33(7.2) 27 (6.0) 1.21 151 >.10 —0.50421 0.60
dilation)
Carotid endarterectomy 1,038 12 (1.2) 10 (0.9) 125 0.63 >.10 —1.33264 0.26
Cardiovascular surgery, other 784 48 (6.1) 46 (5.9) 1.03  0.06 >.10 —0.59045 0.55
Respiratory surgery
Thoracotomy, malignancy 633 26 (4.1) 27 (4.3) 0.96 0.05 >.10 0.086934 1.09
Neoplasm, mouth, larynx 248 4 (1.6) 4 (1.5) 1.08  0.02 >.10 —1.15287 0.32
Thoracotomy, lung biopsy, pleural disease 126 12 (9.5) 12 (9.5) 1.01  0.00 >.10 0.405738 1.50
Thoracotomy, respiratory infection 84 2(2.4) 6 (6.6) 036 2.85 .09 —0.00594 0.99
Respiratory surgery, other 440 24 (5.5) 21 (4.7) 1.15  0.60 >.10 —0.24922 0.78
GI surgery
GI malignancy 745 56 (7.5) 74 (9.9) 0.76  5.66 .02 0.136283 1.15
GI bleeding 63 10 (15.9) 11 (18.0) 0.88 0.29 >.10 —0.32968 0.72
Fistula, abcess 94 10 (10.6) 10 (10.3) 1.03  0.01 >.10 —0.55666 0.57
Cholecystitis, cholangitis 194 9 (4.6) 15 (7.6) 0.61 2.75 .10 —0.59329 0.55
GI inflammation 62 2(3.2) 9 (14.2) 0.23 8.44 <.01 —0.16559 0.85
GI obstruction 399 57 (14.3) 60 (15.0) 0.95 0.21 >.10 —0.18901 0.83
GI perforation 386 85 (22.0) 81 (20.9) 1.05 037 >.10 —0.18996 0.83
GI, vascular ischemia 155 36 (23.2) 48 (30.7) 0.76  5.65 .02 0.498328 1.65
Liver transplant 158 6 (3.8) 7(4.7) 0.81 0.33 >.10 -1.37028 0.25
GI surgery, other 622 49 (7.9) 48 (7.7) 1.03  0.04 >.10 —0.29589 0.74
Neurologic surgery
Craniotomy or transphenoidal procedure for neoplasm 836 19 (2.3) 17 (2.0) 1.12  0.26 >.10 —0.43774 0.65
Intracranial hemorrhage 103 24 (23.3) 18 (17.9) 1.30 2.58 >.10 0.526717 1.69
Subarachnoid hemorrhage (aneurysm, arteriovenous 166 11 (6.6) 8 (5.1) 131  0.98 >.10 0.318906 1.38
malformation)
Subdural/epidural hematoma 213 30 (14.1) 36 (17.0) 0.83 1.68 >.10 0.715683 2.05
Laminectomy, fusion, spinal cord surgery 485 12 (2.5) 14 (2.9) 0.87 0.27 >.10 —0.62861 0.53
Neurologic surgery, other 453 19 (4.2) 17 (3.8) 1.09 0.19 >.10 0.003996 1.00
Trauma surgery
Head trauma only 111 31(27.9) 33(30.1) 093 0.35 >.10 1.088819 2.97
Multiple trauma sites including the head 120 20 (16.7) 18 (15.3) 1.09 0.24 >.10 0.357798 1.43
Surgery for extremity trauma 139 7 (5.0) 10 (7.4) 0.68 1.44 >.10 —0.18039 0.83
Multiple trauma (excluding the head) 504 44 (8.7) 38(7.5) 1.17 152 >10 —0.37781 0.69
Genitourinary surgery
Renal/bladder/prostate neoplasm 216 4 (1.9) 4(1.9) 0.96 0.01 >.10 0.086934 1.09
Renal transplant 217 7(3.2) 3(1.5) 2.10  4.20 .04 —1.30845 0.27
Hysterectomy 91 7(7.7) 4 (4.6) 1.66 2.16 >.10 —0.79585 0.45
Genitourinary surgery, other 88 2(2.3) 5(5.6) 0.40 2.15 >.10 —0.69357 0.50
Miscellaneous surgery
Amputation (nontraumatic) 40 9 (22.5) 8 (20.7) 1.09 0.10 >.10 0.60491 1.83
SMR, stardardized mortality ratio; CABG, coronary artery bypass graft; GI, gastrointestinal.
Appendix is continued on the next page.
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APPENDIX TABLE 3. Relationship between predictor variables used in Acute Physiology and Chronic Health Evaluation IV and in-hospital mortality:
Non-splined variables other than diagnosis

Observed Predicted 95% Confidence
Variable No. Mortality, % Mortality, % SMR Coefficient p Value 0Odds Ratio Interval

Emergency surgery
Yes 2,431 16.0 15.3 1.05 0.2491 .002 1.28 1.10-1.50
No 41,857 13.4 13.5 0.99

Unable to assess GCS
Yes 3,565 21.5 21.0 1.02 0.7858 <.001 2.19 1.99-2.42
No 40,723 12.8 12.9 0.99

Ventilated on ICU day 1
Yes 15,543 25.7 25.7 1.00 0.2718 <.001 1.31 1.22-1.41
No 28,745 7.0 6.9 0.99

Thrombolytic therapy for acute

myocardial infarction

Yes 552 5.3 3.4 1.54 —-0.5799 .008 0.56 0.37-0.86
No 1,857 7.4 8.1 0.91

Rescaled GCS (15-GCS) 0.0391 <.001 1.04 1.03-1.05
15-GCS = 0 27,415 7.9 7.8 1.01 1.00
15-GCS =1, 2,3 9,210 11.4 11.1 1.03 1.04-1.12
15-GCS = 4,5, 6 3,375 19.6 22.4 0.88 1.17-1.26
15-GCS = 7,8, 9 2,198 315 34.6 0.91 1.31-1.42
15-GCS = 10, 11, 12 2,090 68.2 63.9 1.07 1.48-1.60

Pao,/Fio, ratio —0.00040 .003 1.00 0.99-1.00
=200 7,005 30.1 30.8 0.98 1.00-0.92
201-300 4,641 20.2 20.6 0.98 0.92-0.89
301-400 30,014 8.1 8.0 1.02 0.89-0.85
401-500 1,922 18.2 18.7 0.97 0.85-0.82
501-600 706 20.1 16.6 1.21 0.82-0.79

Chronic health items
AIDS 224 29.9 29.4 1.02 0.9581 <.001 2.61 1.93-3.53
Cirrhosis 498 24.7 27.1 0.91 0.8147 <.001 2.26 1.81-2.82
Hepatic failure 642 37.4 38.2 0.98 1.0374 <.001 2.82 2.32-3.44
Immunosuppressed 1,638 21.3 22.5 0.95 0.4356 <.001 1.55 1.37-1.75
Lymphoma 211 39.8 35.9 1.11 0.7435 <.001 2.10 1.58-2.80
Myeloma 350 39.7 40.2 0.99 0.9693 <.001 2.64 2.10-3.31
Metastatic cancer 1,117 36.3 37.0 0.98 1.0864 <.001 2.96 2.59-3.39
None 39,608 11.6 115 1.00

Admission source
Floor 6,324 23.6 23.9 0.99 0.0171 72 1.02 0.93-1.12
Other hospital 2,816 18.0 17.7 1.01 0.0221 el 1.02 0.91-1.15
Operating/recovery room 13,637 6.7 6.9 0.97 —0.5838 .08 0.56 0.29-1.08
Other 21,511 14.3 14.2 1.01

SMR, standardized mortality ratio; GCS, Glasgow Coma Scale; ICU, intensive care unit.
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