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      The assessment of quality of care in the practice 
of medicine has become increasingly important.  1-3   

The practice of critical care medicine has been espe-
cially scrutinized, at least in part because of the enor-
mous costs of providing critical care services.  4,5   Aside 
from external pressures, monitoring and improve-
ment of quality of care are important to clinicians.  6,7   

 Misuse of quality measures may occur and “[risks] 
stigmatizing an entire institution,”  8   so it is imperative 
that any assessment of the quality of care delivered in 
the ICU involves a consideration of the severity of 
patient illness using a reliable measure. The Joint Com-
mission  9   has proposed severity-adjusted mortality rate 
as a specifi c measure that should be recorded. 

 Prognostic scoring systems have been developed 
by the critical care community in an effort to quantify 
the severity of illness of a given patient or group of 
patients.  10-12   Adjustment for severity of illness enables 
monitoring of the performance of an ICU over time 
and for comparison of ICUs in the same or different 
hospitals. It is imperative that such severity adjust-
ments be as accurate as possible.  13   

 Many prognostic models exist, suggesting that the 
optimum model has not been established. The three 
most commonly used adult-ICU prognostic scoring 
systems are APACHE (Acute Physiology and Chronic 
Health Evaluation), the Simplified Acute Physi-
ology Score (SAPS), and the Mortality Probability 

  Background:    There are few comparisons among the most recent versions of the major adult 
ICU prognostic systems (APACHE [Acute Physiology and Chronic Health Evaluation] IV, Simpli-
fi ed Acute Physiology Score [SAPS] 3, Mortality Probability Model [MPM] 0 III). Only MPM 0 III 
includes resuscitation status as a predictor. 
  Methods:    We assessed the discrimination, calibration, and overall performance of the models in 
2,596 patients in three ICUs at our tertiary referral center in 2006. For APACHE and SAPS, 
the analyses were repeated with and without inclusion of resuscitation status as a predictor 
variable. 
  Results:    Of the 2,596 patients studied, 283 (10.9%) died before hospital discharge. The areas under 
the curve (95% CI) of the models for prediction of hospital mortality were 0.868 (0.854-0.880), 
0.861 (0.847-0.874), 0.801 (0.785-0.816), and 0.721 (0.704-0.738) for APACHE III, APACHE IV, 
SAPS 3, and MPM 0 III, respectively. The Hosmer-Lemeshow statistics for the models were 33.7, 
31.0, 36.6, and 21.8 for APACHE III, APACHE IV, SAPS 3, and MPM 0 III, respectively. Each of the 
Hosmer-Lemeshow statistics generated  P  values  ,  .05, indicating poor calibration. Brier scores 
for the models were 0.0771, 0.0749, 0.0890, and 0.0932, respectively. There were no signifi cant 
differences between the discriminative ability or the calibration of APACHE or SAPS with and 
without “do not resuscitate” status. 
  Conclusions:    APACHE III and IV had similar discriminatory capability and both were better than 
SAPS 3, which was better than MPM 0 III. The calibrations of the models studied were poor. Over-
all, models with more predictor variables performed better than those with fewer. The addition 
of resuscitation status did not improve APACHE III or IV or SAPS 3 prediction. 
  CHEST 2012; 142(4):851 –858 

   Abbreviations:  APACHE  5  Acute Physiology and Chronic Health Evaluation; AUC  5  area under the receiver operator 
characteristic curve; DNR  5  do not resuscitate; MPM  5  Mortality Probability Model; ROC  5  receiver operating charac-
teristic; SAPS  5  Simplifi ed Acute Physiology Score 
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performance of the APACHE and SAPS prognostic 
models. 

 Materials and Methods 

 After institutional review board approval (number 2482-05) 
and waivers of informed consent were obtained, a retrospec-
tive cohort study was performed. Adult patients admitted to 
any of three ICUs at Mayo Medical Center, Rochester, between 
January 1, 2006, and December 31, 2006, were identifi ed. The 
three ICUs included a 20-bed vascular/thoracic/orthopedic ICU, 
a 24-bed medical ICU, and a 20-bed mixed medical-surgical ICU. 
These ICUs were chosen because APACHE had been employed 
routinely in them for more than a decade. After power analysis, 
a cohort of 2,600 patients was identifi ed using computerized ran-
domization from approximately 5,000 admissions to the three 
ICUs studied. Patients who did not give consent for use of their 
medical record for research purposes and patients who remained 
in the ICU for fewer than 4 hours were excluded. Only fi rst ICU 
admissions were included. 

 The medical records of each patient, the institutional APACHE 
database, and the ICU electronic “DataMart” were reviewed. The 
databases contained prospectively collected data, acquired as 
part of ongoing clinical care, quality improvement projects, and 
research activities. Our institutional experience with APACHE 
(including quality control measures), the nature of the ICU 
DataMart, and the staffi ng models in the ICUs have been described 
previously.  22,23   In addition to demographic variables, the data 
required for the calculation of APACHE III, APACHE IV, 
SAPS 3, and MPM 0 III predictions of mortality were abstracted. 
There are a number of variables that are required for the cal-
culation of SAPS 3 and MPM 0 III that were not routinely col-
lected as part of the APACHE dataset. These data were abstracted 
from individual patient records by trained abstractors. DNR 
status during the patient’s fi rst ICU day was also obtained from 
the databases and individual medical record review. DNR status 
was defi ned as the presence of an order in the medical record 
to not initiate basic or advanced life support measures in the 
event of a cardiac arrest. Patient vital status at hospital dis-
charge (survivor or nonsurvivor) was obtained for all patients. 
APACHE IV, SAPS 3, and MPM 0 III prediction of mortality 
were calculated using published formulae.  15-18   APACHE III 
predictions of mortality were obtained from the institutional 
APACHE III database using proprietary software provided by 
the Cerner Corporation. 

 Descriptive data were summarized as mean (SD), median (inter-
quartile range), or percentage.  x  2  Tests were used to compare 
categorical variables and Student  t  test and rank sum tests were 
used to compare continuous variables. Evaluation of the pre-
dictive models was by assessment of calibration, discrimination, 
and overall performance. We determined the area under the 
receiver operating characteristic (ROC) curve (AUC) with its 
95% CI for discrimination.  24   Discrimination was classifi ed as per-
fect, excellent, very good, good, moderate, and poor if the 
AUCs, were 1.0, 0.9 to 0.99, 0.8 to 0.89, 0.7 to 0.79, 0.6 to 0.69, 
or  , 0.6, respectively.  25   Comparison of two AUCs (derived from 
the same set of patients) was performed by taking into account 
the correlation between the areas that is induced by the paired 
nature of the data.  26   Calibration for each model was assessed 
using the Hosmer-Lemeshow goodness-of-fi t C statistic.  27   A non-
signifi cant  P  value was considered evidence of good calibration. 
The Brier score was assessed as a measure of overall model perfor-
mance.  28,29   It measures the average squared deviation between 
predicted probabilities for a set of events and their outcomes. A 
lower score represents higher accuracy. The Brier score offers an 

Model (MPM). Any prognostic model will have a 
limited effective life span.  10,14   Changes in clinical 
prac tice over time and alterations in the provision 
of health care will alter the risk of mortality for 
a given clinical situation. Thus, prognostic models 
require updating. Major revisions of the prognostic 
mod els were published between 2005 and 2007, 
namely APACHE IV in 2006, SAPS 3 in 2005, and 
MPM 0 III in 2007.  15-18   

 A signifi cant number of deaths in patients admitted 
to ICUs occur after a decision to forgo life-sustaining 
therapy.  19   Of the three major prognostic models, only 
MPM includes the presence of a do-not-resuscitate 
(DNR) order as a predictor variable. A patient’s desire 
not to undergo CPR is not specifi cally accounted for 
in APACHE or SAPS. This is despite the fact that 
DNR status has been demonstrated to be an inde-
pendent predictor of mortality in patients in the 
ICU.  20,21   It is possible that both SAPS and APACHE 
predict an inaccurately high likelihood of survival 
in certain circumstances because of the assumption 
that the full armamentarium of ICU resources will 
be used to support a patient for whom, in fact, lim-
itations on the level of care have been placed. 

 We hypothesized that the performances of the 
three major ICU prognostic models for the predic-
tion of mortality for patients in the ICU at Mayo 
Medical Center, Rochester, Minnesota, differ and 
that the performance of prognostic models with many 
variables is superior to the performance of models 
with fewer variables. Further, we hypothesized that 
the presence of a DNR order has a signifi cant effect 
on mortality not accounted for in the APACHE and 
SAPS prognostic models. In this study, we com-
pared the performance of APACHE III, APACHE IV, 
SAPS 3, and MPM 0 III for the prediction of in-hospital 
mortality in a retrospective cohort of patients in the 
ICU at our institution and evaluated the impact of 
patients’ DNR status on their fi rst ICU day on the 
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Calibration was poor for all models, irrespective of 
the inclusion or noninclusion of DNR status. For 
each model, the Brier scores showed a small decrease 
(ie, slightly more accurate prediction) with the addi-
tion of DNR status. 

 Discussion 

 In our cohort of patients, APACHE III and IV had 
similar discrimination and both had better discrimi-
nation than SAPS 3, which, in turn, was better than 
MPM 0 III. The calibration of each of the mod els was 
poor. Overall performance, as assessed by Brier scores, 
was best for APACHE IV and worst for MPM 0 III. 
Our data demonstrate that the more complex prog-
nostic scoring systems performed better than those 
with fewer variables. The addition of DNR status 
to the individual models did not alter the discrimi-
natory capability or the calibration, although for each 
model the Brier scores showed a slight decrease with 
the addition of DNR. The relationship between the 
AUCs of the models was independent of inclusion 
of DNR status. 

 Previous Comparisons of Prognostic Models 

 There is a paucity of studies comparing the predic-
tive accuracies of APACHE IV, SAPS 3, and MPM 0 III. 
Costa e Silva et al  30   compared APACHE IV, SAPS 3, 
and MPM 0 III in a narrow cohort of 366 patients 
with acute kidney injury. There were no differ-
ences in either discrimination or calibration between 
models. Kuzniewicz et al  31   compared the perfor-
mance of APACHE IV, SAPS II (not 3), and MPM 0 III 
in 11,300 patients in the ICU admitted to 35 Cali-
fornia hospitals between 2001 and 2004. In fi ndings 
similar to our study, they found that APACHE IV 
(AUC, 0.892) discriminated better than SAPS II 
(AUC, 0.873), which discriminated better than 
MPM o III (AUC, 0.809) ( P   ,  .001). In contrast to the 
results of our investigation, the calibration of each 
model in the Kuzniewicz et al 31  study was satisfac-
tory, perhaps refl ecting differences in case mix, referral 
patterns, or other factors between the two popula-
tions studied. The investigators also assessed the bur-
den of data collection. Abstraction time correlated 
with the number of variables required for each model. 
APACHE IV required 37.3 min (95% CI, 28.0-46.6) 
per patient; SAPS II, 19.6 min (95% CI, 17.0-22.2); 
and MPM 0 III, 11.1 min (95% CI, 8.7-13.4). 

 Another study from the same group also docu-
mented a lower data collection burden associated 
with MPM 0 III compared with the other models.  32   
The automated collection of APACHE III and IV 
data in our cohort meant that overlapping SAPS 3 
and MPM 0 III data elements did not need to be 

overall assessment of performance, involving elements of both 
discrimination and calibration. 

 In the cases of SAPS 3, APACHE III, and APACHE IV, the 
performances of the models with and without the inclusion of 
DNR status were assessed. APACHE III and IV and SAPS 3 gen-
erate an in-hospital mortality prediction on the fi rst ICU day. 
Accordingly, the DNR status of the patient at the end of the 
fi rst ICU day was considered the DNR status for the purpose of 
modeling. In addition to evaluation of the overall performances 
of the models, a comparison was made between the performances 
of the models for surgical and nonsurgical patients. Statistical 
anal yses were performed using JMP, version 8.0 (SAS Institute, 
Inc); SPSS, version 11.5.0 (SPSS Inc); Medcalc, version 8.1.1.0 
(MedCalc Software); and Confi dence Interval Analysis, version 
2.1.2 (University of Southampton). 

 Results 

 Data were available for 2,596 patients, of whom 
283 (10.9%) did not survive to hospital discharge. 
 Table 1  shows the characteristics of the patients in 
the cohort and provides a comparison of survivors 
to hospital discharge vs nonsurvivors. The perfor-
mance characteristics of each of the studied models 
are summarized in  Table 2 . The discriminatory per-
formances of APACHE III and APACHE IV were 
similar ( P   5  .621) and classed as very good. SAPS 3 
also had very good discrimination, but was inferior 
to APACHE III and IV ( P   ,  .001). MPM 0 III had 
good discrimination and was inferior to the other 
models ( P   ,  .001 for each comparison). A comparison 
of ROC curves is provided in  Figure 1 . Each of the 
Hosmer-Lemeshow statistics generated  P  values  ,  .05, 
indicating poor calibration. 

 Infl uence of Surgical Status 

 Of the 2,596 patients in the cohort, 874 (33.7%) 
underwent surgical procedures before ICU admis-
sion. Fewer patients died in the surgical group 
(17 patients, 1.9% of the surgical patients) than in 
the nonsurgical group (266 patients, 15.4% of the 
nonsurgical group) ( P   ,  .01). These analyses for sur-
gical and nonsurgical patients are shown in  Table 3  
and comparisons of the ROC curves are provided 
in  Figure 2 . 

 Infl uence of DNR Status 

 There was no signifi cant difference between the dis-
criminatory performance of APACHE III with or 
without including fi rst-day DNR status ( P   5  0.103). Simi-
larly, discriminatory capacities of both APACHE IV 
and SAPS 3 were not infl uenced by the presence or 
absence of DNR status in the model ( P   5  .145 for 
APACHE IV and  P   5  .072 for SAPS 3). The perfor-
mance hierarchy of discrimination of the models in 
the patients with (n  5  252) and without (n  5  2344) 
DNR orders was similar to the pattern seen overall. 
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performance. However, with the use of additional 
variables comes the associated increase in data col-
lection requirements. We did not specifi cally examine 
the resources required for data collection for each of 
the models. The improvement in discriminatory per-
formance of complex prognostic scoring systems must 
be weighed against the fi nancial and labor costs asso-
ciated with maintaining mechanisms to collect data 
for such systems. The ongoing development of the 
electronic medical record and improvements to the 
interface between such records and resources to 
calculate prognostic scores may decrease the burden 
of calculation in the future. 

 Calibration 

 The calibration of each of the models was poor. 
There are many potential causes for suboptimal 
calibration.  33   It is infl uenced especially by case mix. 

collected separately. Approximately 12 to 15 min per 
medical record were required to abstract the required 
additional data for SAPS 3 and MPM 0 III calculation. 

 Discrimination 

 In this cohort of patients, the discriminatory capa-
bilities of APACHE III and APACHE IV were sim-
ilar. The 95% CIs for the APACHE AUCs in our 
cohort overlapped each other and also overlapped 
the CIs of the AUCs in the original APACHE III 
and APACHE IV publications. The performances 
were classifi ed as very good by the rating scheme 
defi ned at the outset of the study. 

 APACHE IV (142 variables) discriminated better 
than SAPS 3 (20 variables), which discriminated better 
than MPM 0 III (16 variables), suggesting that the 
inclusion of more predictor variables in the prog-
nostic model is associated with better discriminatory 

 Table 1— Characteristics of Patients in Cohort: Overall, Survivors to Hospital Discharge, and Nonsurvivors  

Parameter Overall (N  5  2,596)  Survivors (n  5  2,313) Nonsurvivors (n  5  283)   P  Value  a  

Mean age, y (SD) 63.2 (17.4) 62.7 (17.6) 66.6 (15.9)  ,  .01
Sex .69
 Female 1,173 (45.2) 1,042 (45.1) 131 (46.3)
 Male 1,423 (54.8) 1,271 (54.9) 152 (53.7)
ICU  ,  .01
 Mixed 760 (29.3) 680 (29.4) 80 (28.3)
 Medical 1,162 (44.8) 982 (42.5) 180 (63.6)
 Surgical 674 (26.0) 651 (28.2) 23 (8.1)
Admission Source  ,  .01
 Direct admission 227 (8.7) 206 (8.9) 21 (7.4)
 ED 624 (24.0) 556 (24.0) 68 (24.0)
 Floor 650 (25.0) 525 (22.7) 125 (44.2)
 Other ICU 22 (0.9) 15 (0.7) 7 (2.5)
 Operating room 339 (13.1) 331 (14.3) 8 (2.8)
 Other hospital 173 (6.7) 138 (6.0) 35 (12.4)
 Recovery room 535 (20.6) 526 (22.7) 9 (3.2)
 Respiratory care unit 26 (1.0) 16 (0.7) 10 (3.5)
DNR status
 On ICU admission 211 (8.1) 156 (6.7) 55 (19.4)  ,  .01
 At end of fi rst day 252 (9.7) 160 (6.9) 92 (32.5)  ,  .01
CPR before admission 36 (1.4) 17 (0.7) 19 (6.7)  ,  .01
Mechanical ventilation within 1 h of ICU admission 630 (24.3) 531 (23.0) 99 (35.0)  ,  .01
Surgical procedure 874 (33.7) 857 (37.1) 17 (6.0)  ,  .01
Hospital discharge location  ,  .01
 Death 283 (10.9) 0 283 (100)
 Home 1,542 (59.4) 1,542 (66.7) 0
 Rehabilitation center 80 (3.1) 80 (3.5) 0
 Skilled nursing facility 460 (17.7) 460 (19.9) 0
 Other hospital 122 (4.7) 122 (5.3) 0
 Other 109 (4.2) 109 (4.7) 0
Acute physiology score, mean (SD) 42.5 (23.6) 38.8 (19.4) 72.3 (32.3)  ,  .01
APACHE III predicted hospital death, mean % (SD) 16.5 (21.4) 12.6 (16.7) 47.7 (28.4)  ,  .01
APACHE IV predicted hospital death, mean % (SD) 14.7 (19.4) 11.3 (14.8) 42.9 (27.9)  ,  .01
SAPS 3 score, mean (SD) 45.3 (13.2) 43.7 (12.3) 58.6 (13.0)  ,  .01
SAPS 3 predicted hospital death, mean % (SD) 16.4 (16.8) 14.2 (14.6) 34.3 (21.8)  ,  .01
MPM 0 III predicted hospital death, mean % (SD) 13.9 (14.2) 12.5 (12.6) 25.4 (20.5)  ,  .01

Data given as No. (%) unless otherwise indicated. Percentages given are percentages of the overall group, survivor group, or nonsurvivor group. For 
example, there were 80 nonsurvivors in the Mixed ICU group, accounting for 28.3% (80 of 283) of the nonsurvivors overall. APACHE  5  Acute 
Physiology and Chronic Health Evaluation; DNR  5  do not resuscitate; MPM  5  Mortality Probability Model; SAPS  5  Simplifi ed Acute Physiology Score.
 a  P  value is for comparison between survivors and nonsurvivors.
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Although the cohort of patients used in our study 
represented a diverse group of critically ill patients, 
it differed in at least some respects from the case 
mix used to develop and validate the original models. 
Lemeshow and Hosmer,  27   Murphy-Filkins et al,  34   and 
others have highlighted the infl uence of sample size 
on calibration, and while our sample was large, it was 
relatively small when compared with the large cohorts 
(tens of thousands of patients) used in the develop-
ment of the major scoring systems.  35,36   Smaller sam-
ple size tends to decrease the statistical power to 
detect lack of fi t but the signifi cance of the Hosmer-

Lemeshow  x  2  statistics in our cohort might also be 
explained by ICU performance differences in low- 
vs high-risk patient groups. 

 Overall Performance 

 Our data demonstrated a progressive improvement 
in the Brier score as the complexity of scoring system 
increased (Table 2).   These results were consistent 
with the performances for discrimination. 

 Infl uence of Surgical Status on Model Performance 

 For each scoring system, the AUCs for surgical 
patients were similar to the AUCs for nonsurgical 
patients. The calibration of the models was better in 
the surgical patients. The calibration of APACHE III, 
APACHE IV, and MPM 0 III in surgical patients was 
good. The number of events (ie, deaths) in the surgical 
group may have been too low to detect a signifi cant 
 P  value for the  x  2  test for calibration. It is also con-
ceivable, of course, that the models do, indeed, exhibit 
better calibration in the surgical group. The Brier 
scores in the surgical group (range: 0.0173-0.0297) 
were also lower than in the nonsurgical group (range: 
0.0943-0.1259), perhaps indicating better overall 
performance. 

 Infl uence of Resuscitation Status on 
Model Performance 

 End-of-life issues are a feature of the practice of 
critical care medicine, and one in fi ve Americans dies 
using ICU services.  37,38   In Olmsted County, Minnesota, 
in which Mayo Clinic, Rochester, is located, one in 
eight decedents received ICU care during a ter minal 
hospital admission.  39   The principles of withholding 
and withdrawing life-sustaining treatments in the 
ICU have been established, and there is a growing 
acceptance by medical staff, patients, and patients’ 
families of the appropriateness of such action.  38,40-46   
The perceived probability of survival infl uences patient 
preferences regarding the desire to undergo CPR in 
the event of a cardiac arrest.  43   In an analogous fash-
ion, the presence of a DNR order infl uences patient 
outcome.  47,48   

 Based on previously published work and prelimi-
nary data, we postulated that the inclusion of a DNR 
order would alter the performances of APACHE and 
SAPS  .  20,21   Our results refuted our hypothesis. No 
improvement in discrimination or calibration was seen 
and the minor improvement in the Brier scores is 
of uncertain practical signifi cance. Our fi ndings sug-
gest that the inclusion of many other variables in 
the prognostic models compensates for the noninclu-
sion of DNR status. Patients with many physiologic 

 Table 2— Performance Characteristics of the Prognostic 
Models Studied  

Prognostic Model AUC (95% CI) HLS
HLS 

 P  Value
Brier 
Score

APACHE III 0.868 (0.854-0.880) 33.66  ,  .05 0.0771
APACHE III DNR 0.876 (0.855-0.897) 29.25  ,  .05 0.0697
APACHE IV 0.861 (0.847-0.874) 31.00  ,  .05 0.0749
APACHE IV DNR 0.868 (0.846-0.891) 33.32  ,  .05 0.0700
SAPS 3 0.801 (0.785-0.816) 36.64  ,  .05 0.0890
SAPS 3 DNR 0.816 (0.791-0.841) 29.00  ,  .05 0.0780
MPM 0 III  a  0.721 (0.690-0.752) 21.80  ,  .05 0.0932

AUC  5  area under the receiver operating characteristic curve; 
HLS  5  Hosmer-Lemeshow statistic. See Table 1 legend for expansion 
of other abbreviations.
 a MPM 0 III includes DNR status in the model.

  Figure  1. Comparison of receiver operating characteristic 
(ROC) curves for prediction of hospital death by APACHE III, 
APACHE IV (with and without DNR status), SAPS 3 (with and 
without DNR status), and MPM 0 III. The discriminatory perfor-
mances of APACHE III and APACHE IV were similar ( P   5  .621). 
Both APACHE models discriminated better than SAPS 3 ( P   ,  .001). 
MPM 0 III discrimination was inferior to all the other models 
( P   ,  .001 for each comparison). Inclusion of DNR status in the 
APACHE or SAPS models did not signifi cantly change the areas 
under the curve. APACHE III DNR is omitted as the curve is 
almost superimposed on APACHE III. APACHE  5  Acute Physi-
ology and Chronic Health Evaluation; DNR  5  do not resuscitate; 
SAPS  5  Simplifi ed Acute Physiology Score; MPM  5  Mortality Prob-
ability Model.   
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APACHE IV, SAPS 3, and MPM 0 III. The single-center 
nature of the study limits its external validity, and our 
results may or may not be applicable to other ICUs 
where patient case mix, care models, and admission 
criteria, especially for those in whom care is limited, 
are different. We noted, however, that the overall pat-
tern of discriminatory performance was maintained 
when the analyses were repeated for each ICU sepa-
rately (data not shown), suggesting that the results 
were not markedly changed in units with different 
case mixes. Furthermore, evaluation of the models in 
a single institution avoided the potential confounding 
effects of institutionally related differences in man-
agement. The APACHE data were collected pro-
spectively and stored in a database for review. It was 
necessary, however, to retrospectively abstract data 
from medical records for a number of the SAPS and 
MPM variables. Such retrospective data abstraction 
carries a risk of error, although steps were taken to 
ensure high-quality data abstraction. A further poten-
tial limitation is the dynamic nature of the prognostic 
scor ing systems. The models lose calibration over time 
and the performance of the models in this cohort of 
patients may not refl ect current performance. 

 Conclusions 

 Our data demonstrate that APACHE III and IV 
discriminate better than SAPS 3, which discriminates 
better than MPM 0 III. Calibration of all the models 
was poor. Calibration was better for surgical patients. 
The discrimination and overall accuracy were related 
to the number of variables in the model, with more 
complex scoring systems performing better than sim-
pler models. Neither the discrimination nor calibration 

derangements and multiple comorbidities will generate 
high predictions of mortality. Similarly, such patients 
are more likely to have DNR orders on admission to 
the ICU or to have discussions regarding resuscitation 
status initiated early in their ICU stay. The signifi cance 
of resuscitation status for prediction of in-hospital 
mortality in the original description of MPM 0 III may 
perhaps be explained by the relatively small number 
of variables (n  5  16) used in the model. In the case 
of SAPS 3 (20 variables), it may be that the statistical 
power of well-chosen variables cumulatively com-
pensates for the noninclusion of DNR status in the 
same manner that the large number of variables used 
in APACHE IV (n  5  142) obviates the need for inclusion 
of DNR status. 

 We did not explore the spectrum of limitations 
of care that occurs in our institution and throughout 
the United States, ranging from comfort measures 
only to full support up until the point of cardiac 
arrest.  38,40,41,46,49,50   For the purposes of our evaluation, 
we chose the presence or absence of a DNR order. 
Such orders are well defi ned in our institution and 
carefully documented in a specifi c area of the med-
ical record. Evaluation of the infl uence of other 
degrees of care limitation on prognostic models might 
reveal different results. We must also consider the 
possibility that the frequency of occurrence of DNR 
was not high enough to influence the results and 
that evaluation of a larger cohort might lead to 
signifi cance. 

 Strengths and Limitations 

 Our study compares APACHE III and IV, SAPS 3, 
and MPM 0 III in a cohort of substantial size. It is 
one of the few independent validation studies of 

 Table 3— Discrimination and Calibration of Prognostic Models (With and Without DNR Status) in Surgical and 
Nonsurgical Patients  

Prognostic Model AUC (95% CI) HLS HLS  P  Value Brier Score

Surgical patients (n  5  874)
 APACHE III 0.848 (0.777, 0.920) 11.79 .161 0.0297
 APACHE III DNR 0.858 (0.785, 0.931) 15.78 .046 0.0216
 APACHE IV 0.823 (0.725, 0.920) 10.31 .244 0.0299
 APACHE IV DNR 0.858 (0.774, 0.943) 8.94 .348 0.0219
 SAPS 3 0.724 (0.616, 0.832) 16.57 .035 0.0234
 SAPS 3 DNR 0.759 (0.648, 0.871) 11.18 .192 0.0173
 MPM 0 III 0.783 (0.658, 0.908) 8.91 .350 0.0287
Nonsurgical patients (n  5  1,722)
 APACHE III 0.844 (0.818, 0.870) 22.75 .004 0.1022
 APACHE III DNR 0.852 (0.828, 0.877) 59.30  ,  .001 0.0943
 APACHE IV 0.841 (0.815, 08.68) 24.32 .002 0.0976
 APACHE IV DNR 0.845 (0.820, 0.871) 58.72  ,  .001 0.0951
 SAPS 3 0.746 (0.715, 0.777) 23.55 .003 0.1224
 SAPS 3 DNR 0.765 (0.734, 0.795) 24.40 .002 0.1096
 MPM 0 III 0.681 (0.647, 0.716) 22.68 .004 0.1259

See Table 1 and 2 legends for expansion of abbreviations.
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Inclusion of DNR status in the APACHE or SAPS models did 
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SAPS 3 (with and without DNR status), and MPM 0 III in non-
surgical patients. The discriminatory performances of APACHE III 
and APACHE IV were similar ( P   5  .988). Both APACHE models 
discriminated better than SAPS 3 ( P   ,  .001). MPM 0 III discrimi-
nation was inferior to all of the other models ( P   ,  .001 for each 
comparison). Inclusion of DNR status in the APACHE or SAPS 
models did not signifi cantly change the AUCs. APACHE III DNR 
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