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Abstract 

 

Purpose: To validate and compare the performance of the Acute Physiology and Chronic 

Health Evaluation (APACHE) IV in the Dutch intensive care unit (ICU) population to the 

APACHE II and Simplified Acute Physiology Score (SAPS) II. 

Materials and Methods: Prospective study based on data from a national quality registry 

between 2006 and 2009 from 59 Dutch ICUs. The validation set consisted of 62,737 

patients, the three models were compared using 44,112 patients. Measures of 

discrimination, accuracy, and calibration (Area  Under the receiver operating characteristic 

Curve (AUC), Brier score, R
2
, and Ĉ-statistic) were calculated using bootstrapping. 

Additionally, the standardized mortality ratios (SMRs) were calculated.  

Results: The original APACHE IV showed good discrimination and accuracy (AUC=0.87, 

Brier score=0.10, R
2
 =0.29) but poor calibration (Ĉ-statistic=822.67). Customization 

significantly improved the performance of the APACHE IV. The overall discrimination and 

accuracy of the customized APACHE IV were statistically better and the overall Ĉ-statistic 

was inferior to those of the customized APACHE II and SAPS II, but these differences were 

small in perspective of clinical use. 

Conclusions: The three models have comparable capabilities for benchmarking purposes 

after customization. Main advantage of APACHE IV is the large number of diagnoses which 

enable subgroup analysis. The APACHE IV coronary artery bypass grafting (CABG) model 

has a good performance in the Dutch ICU population and can be used to complement the 

three models. 
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Introduction 

Over the last three decades, prognostic models have been developed for calculating case-

mix adjusted hospital mortality probabilities for patients hospitalized in intensive care 

units (ICUs), based on routinely collected demographic, physiological and clinical data (1-

4). By analyzing and comparing case-mix adjusted outcomes within and between ICUs (i.e. 

benchmarking), critical points in the care process may be identified which subsequently 

can lead to improvement of health care.  

Old prognostic models such as the Acute Physiology and Chronic Health Evaluation 

(APACHE) II developed in 1985 (1) and the Simplified Acute Physiology Score (SAPS) II 

developed in 1993 (3) are still frequently used.  But with the introduction of the APACHE 

IV model in 2006, it has been suggested that the older models should no longer be used 

because they become increasingly inaccurate (4) (The APACHE is a registered trademark of 

Cerner Corporation, Kansas City). In contrast to the older models, the APACHE IV model 

also calculates the predicted in-hospital mortality for patients admitted after coronary 

artery bypass grafting (CABG). It has been shown that the APACHE IV model has good 

discrimination and calibration in the general U.S. ICU population with varying performance 

in different subgroups (4,5). However, the performance of the APACHE IV model has not 

yet been validated outside a United States population. Such external validation is 

necessary if APACHE IV is to be used outside the United States (6,7). 

The aim of this study was to perform an external validation of the APACHE IV by 

evaluating its performance in a large representative database of Dutch ICU admissions and 

by comparing the performance of the APACHE IV model with that of the older APACHE II 

and SAPS II models. 

 

Materials and methods 

Prognostic models 

The APACHE IV, APACHE II and SAPS II are logistic regression models that use different 

predictor variables to predict mortality risk. The models incorporate different patient 

inclusion criteria. Importantly, only the APACHE IV model predicts mortality risks for CABG 

patients.  Measurements that are unique for the CABG model are gender, number of 

grafts, diabetes, prior CABG surgery and myocardial infarction during the current 

hospitalization (4,8).  
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Data 

The Dutch National Intensive Care Evaluation (NICE) registry contains data on consecutive 

patients admitted to participating Dutch ICUs since 1996. The registry contains all 

demographic, physiological and clinical variables required to calculate mortality risk 

predictions according to the APACHE IV, APACHE II and SAPS II models. The data for the 

prognostic models are collected according to the general rules and definitions for these 

models (1,3,4). To assure quality of the data in the NICE registry all participants of the NICE 

registry are obliged to attend training in collecting the data accurately, according to the 

stated data definitions reported in the NICE data dictionary. The data are automatically 

checked for range and consistency both locally and centrally. Furthermore, an onsite data 

quality audit is in place to ensure the validity of the data (9). This study used consecutive 

admissions from the NICE registry with data on patients admitted to 59 Dutch ICUs between 

June 1, 2006 and January 1, 2009. Performance of the APACHE IV was evaluated in the total 

population and in the following subgroups: CABG and non-CABG patients; elective surgery, 

urgent surgery, and medical (nonsurgical) patients and the 5 most common primary reasons 

for ICU admission in the NICE registry (bacterial pneumonia, cardiac arrest, colon/rectal 

cancer, abdominal aortic aneurysm, and thoracotomy for lung cancer).  

To compare the performance of the three models, a shared cohort of admissions satisfying 

their combined inclusion criteria was used. The exclusion criteria of each model are given in 

table 3.1. Statistical analyses were performed using the statistical environment R version 

2.6.2 and SPSS version 16.0.  
 

Table 3.1: Number of ICU admission excluded for one or more of the prognostic models.  
Exclusion criterion APACHE IV APACHE II SAPS II Admissions (%) 

Age <18 yrs   x 1,073 (1.2) 

Age <16 yrs x x  584 (0.7) 

Length of stay IC < 8 hrs  x  8,914 (10.0) 

Length of stay IC < 4 hrs x   5,022 (5.6) 

Length of stay hosp > 365 days x   80 (0.1) 

Missing APACHE II diagnosis  x  7,999 (8.9) 

Missing APACHE IV diagnosis x   13,308 (14.9) 

Missing admission type x x x 3,318 (3.7) 

Missing hospital discharge date x x x 566 (0.6) 

Burns x x x 112 (0.1) 

Patients with transplants 

With exception for hepatic and 

renal transplants 

x   56 (0.1) 

Cardiac surgery  x x 15,984 (17.8) 

Readmissions x x x 6,422 (7.2) 

Admissions from another ICU x   4,485 (5.0) 

Transferred to ICU other hospital   x 1,232 (1.4) 

* Total number of included admissions for APACHE IV validation is 62,737 and for comparison of the 

models is 44,112. 
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Customization of the models  

To date, there have been no studies that have shown that prognostic models are stable 

over time, in a new setting, and with different case-mixes (10-13). For this reason the 

prognostic models should be customized on the new setting before the models can be 

applied for risk prediction. In this study first level customization was used in which a new 

logistic regression model was refitted with the in-hospital mortality as dependent variable 

and the logit-transformed original probability as the sole independent variable (14-16). 

For the validation of the APACHE IV model, the APACHE IV CABG and non-CABG models 

were customized in their own cohort containing all patients eligible for the APACHE IV 

CABG resp. non-CABG model. To compare the APACHE IV non-CABG model, APACHE II 

model, and SAPS II model, the three prognostic models were customized in the shared 

cohort. As the models are customized before comparison, it also corrects for the 

differences in the year of their development. 

 

Performance assessment 

To describe the discrimination of the models, the Area Under the receiver operating 

characteristic Curve (AUC) was used (17). The AUC is the probability that a randomly 

selected non-survivor will have a higher predicted probability to die than a randomly 

selected survivor.  Perfect discrimination corresponds to AUC=1, and no discrimination to 

AUC=0.5. The Brier score (18) was used to assess overall accuracy. The Brier score is the 

mean squared difference between the observed and predicted outcome, which includes 

both discrimination and calibration aspects. As the Brier score is dependent on the 

prevalence of mortality, the sums-of-squares R
2
 measure is also given (19). The R2 

measure ranges between 0 (worst performance) and 1 (best performance) and is adjusted 

for the mortality prevalence which makes it more suitable for comparison among different 

subgroups.    

Good calibration of a model is essential for using the model for benchmark purposes. To 

evaluate the models’ calibration, the Hosmer-Lemeshow Ĉ-statistic was used in which 

observations are grouped based on deciles of predicted probability and compared to the 

proportions of the actual outcomes. The Ĉ-statistic, which is a Chi-squared statistic, is 

tested with ten degrees of freedom for the original, and eight degrees of freedom for the 

customized APACHE IV model  (20). The test is highly sensitive to sample size, in very large 

datasets it indicates lack of fit for even very small deviations. Therefore it should be 

compared only within the same sample (21). Furthermore, calibration plots and the 

unreliability index U originally proposed by Cox (22) of the customized models are given. 

The index U has a Chi-squared distribution with two degrees of freedom. 

In addition, the SMR was calculated. This is the ratio of observed to expected hospital 

deaths. An SMR of 1 implies perfect prediction of the model, an SMR below 1 implies 

overprediction and an SMR above 1 implies underprediction.  
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External validation and comparison of APACHE IV with APACHE II and SAPS  

The performance of the models where assessed in the entire sample and for the different 

subgroups using the ordinary bootstrap method (23) with 1000 samples. The prognostic 

models where customized on each of the 1000 bootstrap samples of the original dataset 

and their performance (Brier score, R
2
, Ĉ-statistic, and SMR) and the associated 95% 

confidence intervals were obtained from the original dataset. The 95% confidence 

intervals are defined using the 2.5 and 97.5 percentiles of the bootstrap distribution. To 

compare the customized APACHE IV, APACHE II, and SAPS II models, the same procedure 

was followed but the “original dataset” consisted of the shared cohort. A difference 

between the models was considered statistically significant if the confidence intervals did 

not overlap. Note that first level customization on any bootstrap sample yields the same 

AUC when tested on the original dataset (because customization does not affect the order 

of the probabilities, only their absolute magnitude). This means that the reported AUCs 

are the AUCs of the original models.     

 

Results 

Data  

From June 1, 2006 to January 1, 2009, 62,737 patients fulfilling the APACHE IV inclusion 

criteria were admitted to 59 Dutch ICUs included in the study. Approximately 75% of the 

59 Dutch ICUs collect the physiological and clinical variables by using the patient’s status 

and charts manually. The other 25% of the participating hospitals made use of a Patient 

Data Management System (PDMS) to collect the physiological and clinical variables of the 

patients. It has been reported that the use of the PDMS results in a higher mortality 

prediction, as physiologic values used in the severity scores are registered continuously in 

the PDMS, thereby increasing the risk of measuring abnormal values (24). 

All the participating ICUs are mixed medical-surgical units located in university hospital 

(n=3), teaching hospital (n=23) or non-teaching hospital (n=33). The 59 ICUs are of diverse 

IC-levels, are widespread over the Netherlands and are a representative sample of 

approximately 65% of all Dutch ICUs. Table 3.2 shows the demographics of the APACHE IV 

non-CABG cohort, the subgroups based on the five most common primary APACHE IV 

reasons for admission, the APACHE IV CABG cohort, and of the shared cohort. Missing 

values are not reported separately as the percentage missing values was below 0.2% for 

all variables used in the analyses. 



 

 

Table 3.2: Demographics of ICU admissions included in the analysis. Shared cohort: patients satisfying the inclusion criteria of the 
APACHE IV, APACHE II, and SAPS II model  

 
APACHE IV 

non-CABG 

Bact. 

pneumonia 

Cardiac 

arrest 

Colon/rectal 

cancer 

Abd. aortic 

aneurysm 

Thoracotomy 

lung cancer 

APACHE IV 

CABG 

Shared  

cohort 

Number of admissions 55,661 2,662 2,290 2,380 1,897 1,435 7,076 44,112 

Hospital mortality % 16.4 26.9 55.5 10.9 4.8 3.1 1.5 17.8 

Length of ICU stay in  
days median (25-75%) 

1.1  
(0.8-3.2) 

4.1  
(1.7-8.8) 

3.1  
(1.7-5.9) 

1.0  
(0.8-1.9) 

1.0  
(0.9-2.0) 

0.9  
(0.8-1.1) 

0.9  
(0.7-1.0) 

1.4        
(0.8-3.8) 

Male % 57.2 62.4 65.1 55.5 82.0 62.2 77.9 57.3 

Ventilated % 46.0 65.7 92.5 28.2 34.6 10.5 95.8 42.6 

One or more chronic 
diagnose % 

29.3 53.9 25.8 32.9 22.2 29.1 27.8 30.3 

Admission type %         

   Medical 44.6 100.0 93.6 0.0 0.0 0.0 0.1 48.0 

   Urgent surgery 16.6 0.0 3.3 18.5 9.4 1.0 4.4 17.9 

   Elective surgery 38.8 0.0 3.1 81.5 90.6 99.0 95.5 34.1 

Age, mean (SD) 63.1 (16.5) 65.6 (14.7) 65.6 (14.5) 72.5 (11.1) 69.6 (8.7) 65.0 (9.4) 66.0 (9.6) 63.2 (16.3) 

   Survivors 61.8 (16.7) 64.0 (14.8) 63.8 (14.5) 72.0 (11.1) 69.4 (8.7) 64.8 (9.5) 65.8 (9.6) 61.7 (16.5) 

   Non-survivors 70.0 (13.5) 70.1 (13.3) 67.9 (14.1) 76.9 (9.4) 73.9 (7.0) 69.5 (7.9) 71.0 (9.9) 69.8 (13.5) 

SAPS score 
median (25-75%) 

30.0  
(20.0-44.0) 

42.0  
(33.0-53.0) 

65.0  
(54.0-76.0) 

25.0 
(20.0-34.0) 

23.0 
(18.0-31.0) 

18.0 
(14.0-23.0) 

28.0 
(23.0-32.0) 

31.0 
(20.0-45.0) 

APACHE II score 
median (25-75%) 

14.0  
(10.0-20.0) 

20.0  
(16.0-26.0) 

29.0 
(24.0-34.0) 

13.0 
(10.0-16.0) 

13.0 
(10.0-16.0) 

11.0 
(8.0-13.0) 

14.0 
(11.0-16.0) 

15.0 
(10.0-21.0) 

APACHE IV score  
median (25-75%) 

52.0  
(36.0-74.0) 

71.0 
(56.0-91.0) 

116.0 
(91.0-135.0) 

49.0 
(38.0-62.0) 

47.0  
(38.0-59.0) 

39.0 
(31.0-48.0) 

46.0 
(36.0-57.0) 

54.0 
(37.0-77.0) 
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Figure 3.1: Calibration plots of the original and customized (non-CABG) APACHE IV (panel A), original and customized APACHE II (panel B) and original 
and customized SAPS II model (panel C). The lower line corresponds to the original model and the upper line represents the customized model. The 
observed probabilities (on the y-axis) are obtained by loess smoothing on the observed outcome values (0 and 1). The unreliability index U and its 
confidence interval are shown below the graphs.  

4
0

 

C
h

ap
ter 3

 

Customized model: 
U-statistic: 2.01 (0.06-7.01), p-value= 0.37 
 

Customized model: 
U-statistic: 1.93 (0.05-6.95), p-value= 0.38 
 

Customized model: 
U-statistic: 1.92 (0.04-7.08), p-value= 0.38 
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Table 3.3: Performance of the original and customized APACHE IV model 

 

Model AUC (CI)
 +

 Ĉ-statistic (CI) Brier score (CI) R
2 

 SMR (CI) 

APACHE IV  
original non-CABG 

0.87 (0.86, 0.87) 822.67 (693.31,955.75) 0.10 (0.10, 0.10) 0.29 0.87 (0.86, 0.88) 

Admission type      

   Medical 0.85 (0.84, 0.86) 795.62 (601.79,1002.49) 0.13 (0.13, 0.14) 0.28 0.87 (0.85,0.90) 

   Urgent surgery 0.83 (0.81, 0.84) 156.22 (93.32,232.98) 0.12 (0.12, 0.13) 0.23 0.87 (0.83, 0.91) 

   Elective surgery 0.82 (0.81, 0.84) 75.95 (40.07,120.65) 0.05 (0.04, 0.05) 0.14 0.85 (0.78, 0.91) 

Subgroups*      

   Bacterial pneumonia  0.73 (0.70, 0.76) 190.69 (106.34,294.89) 0.18 (0.17, 0.19) 0.09 0.82 (0.75, 0.89) 

   Cardiac arrest 0.71 (0.69, 0.74) 682.37 (476.19,914.48) 0.25 (0.23, 0.27) 0.00 0.78 (0.75, 0.82) 

   Colon/rectal cancer 0.80 (0.75, 0.83) 69.42 (36.11,1121.09) 0.09 (0.08, 0.10) 0.10 0.71 (0.60, 0.81) 

   Abdominal aortic    
   aneurysm  

0.77 (0.68, 0.84) 30.87 (11.14,72.77) 0.04 (0.03, 0.05) 0.08 0.83 (0.62, 1.06) 

   Thoracotomy for    

   lung cancer 
0.74 (0.61, 0.85) 41.40 (23.83,62.18) 0.03 (0.02, 0.04) 0.03 0.48 (0.30, 0.68) 

APACHE IV  
original CABG 

0.83 (0.78, 0.88) 32.40 (13.80,67.80) 0.01 (0.01, 0.02) 0.08 0.80 (0.65, 0.94) 

APACHE IV  
customized non-CABG 

 147.73 (144.73,155.05) 0.10 (0.10, 0.10) 0.30 1.00 (0.98, 1.01) 

Admission type      

   Medical  109.88 (95.74,126.82) 0.13 (0.13, 0.13) 0.30 1.02 (1.00, 1.03) 

   Urgent surgery  29.47 (27.48,32.45) 0.12 (0.12, 0.12) 0.24 1.02 (1.00, 1.04) 

   Elective surgery  73.67 (61.07,87.32) 0.05 (0.05, 0.05) 0.15 0.89 (0.87, 0.92) 

Subgroups*      

   Bacterial pneumonia  48.05 (43.75,53.02) 0.17 (0.17, 0.17) 0.13 0.98 (0.96, 0.99) 

   Cardiac arrest  129.31 (109.95,150.86) 0.22 (0.22, 0.22) 0.10 0.90 (0.89, 0.91) 

   Colon/rectal cancer  22.45 (19.48,25.56) 0.08 (0.08, 0.08) 0.13 0.81 (0.79, 0.82) 

   Abdominal aortic    
   aneurysm  

 12.49 (11.61,13.49) 0.04 (0.04, 0.04) 0.09 0.85 (0.83, 0.88) 

   Thoracotomy for  
   lung cancer 

 29.06 (26.80,31.35) 0.03 (0.03, 0.03) 0.05 0.49 (0.48, 0.51) 

APACHE IV  
customized CABG 

 14.81 (11.56,24.22) 0.01 (0.01, 0.01) 0.10 1.01 (0.85, 1.22) 

 AUC: Area under receiver operating characteristics curve; Ĉ-statistic: Hosmer and Lemeshow goodness-of-fit  
Ĉ-statistic (original model tested with 10 df and customized model tested with 8 df); SMR: Standardized 
Mortality Ratio; CI: 95% Confidence Interval *: subgroups based on APACHE IV reason for admission, +. Note  
customization does not change the AUC 
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External validation of APACHE IV model 
The performance assessment of the original and customized APACHE IV models is shown 

in table 3.3 and figure 3.1 panel A. Overall, the original APACHE IV non-CABG model has a 

good discrimination and accuracy (AUC=0.87, Brier score=0.10, and R
2
=0.29), but a poor 

calibration (Ĉ-statistic=822.67). The overall SMR was 0.87.  

There is a considerable variation in performance of the model in the subgroups. For 

instance, discrimination varied between an AUC of 0.85 for medical admissions and an 

AUC of 0.71 for patients after cardiac arrest. The Brier score ranged from 0.03 for patients 

admitted after thoracotomy for lung cancer to 0.25 for patients after cardiac arrest. The R
2
 

ranged from 0.28 for admitted medical patients to 0.00 for patients after cardiac arrest. 

Mortality risks were overestimated by the original APACHE IV model, especially for 

patients admitted after thoracotomy for lung cancer (SMR=0.48). The original APACHE IV 

CABG model had good performance (AUC=0.83, Brier score=0.01, R
2
=0.08, Ĉ-

statistic=32.40), and the overall SMR was 0.80. The R
2
 is low indicating that the model 

does not improve much on a non-informative model, because in this case with a hospital 

mortality of 1.5% there is not much room for improvement. 

After customization, the APACHE IV non-CABG model showed statistically significant 

improvement in the overall sample, but not in all subgroups. The original and the 

customized model performed poorest in patients after cardiac arrest. Customization did 

not significantly improve the performance of the APACHE IV CABG model.  

 

Comparison of APACHE IV with APACHE II and SAPS II 

After applying the exclusion criteria for the APACHE IV, APACHE II, and SAPS II model, 

44,112 records remained in the shared cohort that was used for the comparison of the 

models. Table 3.1 shows the exclusion criteria and the number of excluded patients. 

Figure 3.1 illustrates the calibration plots for the overall sample of the original and 

customized models. It shows that after customization the overall calibration of all models 

improved (and the unreliability index U shows no statistically significant deviations from 

actual outcome). However, the three prognostic models still have calibration problems in 

the high risk groups after customization, with APACHE IV showing the largest discrepancy 

between observed and expected mortality (Figure 3.1).  

Table 3.4 shows the results of the performance comparison between the three 

customized models. In the overall sample and in some subgroups, the AUC and Brier score 

of the customized APACHE IV model were statistically significantly better than the 

customized APACHE II and customized SAPS II model. In the overall sample and in some 

subgroups, the Ĉ-statistic of the customized APACHE II and SAPS II models was statistically 

significantly better than the APACHE IV model. In contrast, in some subgroups the Ĉ-

statistic of the customized APACHE IV model was statistically significantly better than the 

SAPS II model (e.g. medical admissions, bacterial pneumonia).  
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Table 3.4: Performance of the customized APACHE IV, APACHE II, and SAPS II model 

Model AUC (CI) 
+
 Ĉ-statistic (CI) Brier score (CI) R

2
 SMR (CI) 

APACHE IV customized  0.86 (0.86, 0.87) 142.32 (139.93, 148.83) 0.10 (0.10 , 0.10) 0.30 1.00 (0.98,1.02) 

Admission type      

   Medical 0.84 (0.84, 0.85) 85.99 (73.94, 100.70) 0.13 (0.13, 0.13) 0.30 1.02 (1.00,1.03) 

   Urgent surgery 0.82 (0.80, 0.84) 24.44 (22.27, 27.77) 0.12 (0.12, 0.12) 0.24 1.02 (1.00,1.04) 

   Elective surgery 0.83 (0.81, 0.85) 51.88 (40.70, 63.62) 0.05 (0.05, 0.05) 0.16 0.89 (0.86, 0.91) 

Subgroups*      

   Bacterial pneumonia 0.74 (0.70, 0.76) 35.48 (32.15, 39.08) 0.17 (0.17, 0.17) 0.14 0.99 (0.98,1.01) 

   Cardiac arrest 0.72 (0.69, 0.75) 111.10 (90.88, 131.61) 0.22 (0.22, 0.22) 0.10 0.89 (0.88, 0.90) 

   Colon/rectal cancer 0.80 (0.76, 0.84) 16.18 (13.70, 19.04) 0.09 (0.09, 0.09) 0.14 0.83 (0.82, 0.85) 

   Abdominal aortic    
   aneurysm  

0.79 (0.71, 0.86) 12.14 (10.81, 13.55) 0.04 (0.04, 0.04) 0.10 0.81 (0.78, 0.84) 

   Thoracotomy for    
   lung cancer 

0.75 (0.62, 0.86) 26.27(32.92, 28.58) 0.03 (0.03, 0.03) 0.06 0.51 (0.49, 0.53) 

APACHE II customized 0.84 (0.83, 0.84) 91.21 (89.12, 96.65) 0.11 (0.11, 0.11) 0.25 1.00 (0.98, 1.02) 

Admission type      

   Medical 0.81 (0.80, 0.82) 86.88 (68.54, 107.89) 0.14 (0.14, 0.14) 0.24 1.04 (1.02, 1.06) 

   Urgent surgery 0.78 (0.77, 0.80) 30.78 (28.35, 34.21) 0.13 (0.13, 0.13) 0.18 0.97 (0.95, 0.98) 

   Elective surgery 0.80 (0.78, 0.82) 66.71 (53.73, 80.18) 0.05 (0.05, 0.05) 0.13 0.87 (0.85, 0.90) 

Subgroups*      

   Bacterial pneumonia 0.69 (0.66, 0.72) 43.75 (38.24, 49.63) 0.18 (0.18, 0.18) 0.08 0.98 (0.96, 0.99) 

   Cardiac arrest 0.69 (0.66, 0.73) 39.70 (36.11, 44.19) 0.22 (0.22, 0.22) 0.10 1.01 (0.99, 1.03) 

   Colon/rectal cancer 0.76 (0.72, 0.81) 16.88 (15.76, 18.06) 0.09 (0.09, 0.09) 0.12 0.96 (0.93, 0.98) 

   Abdominal aortic   
   aneurysm  

0.76 (0.67, 0.83) 7.74 (6.50, 9.11) 0.04 (0.04, 0.04) 0.09 0.81 (0.78, 0.84) 

   Thoracotomy for    
   lung cancer 

0.71 (0.58, 0.83) 12.34 (10.50, 14.23) 0.03 (0.03, 0.03) 0.04 0.62 (0.59, 0.64) 

SAPS II customized 0.85 (0.84, 0.85) 112.70 (110.18, 119.11) 0.11 (0.11, 0.11) 0.29 1.00 (0.98, 1.02) 

Admission type      

   Medical 0.82 (0.81, 0.83) 117.07 (100.62, 135.60) 0.14 (0.14, 0.14) 0.26 1.04 (1.02, 1.05) 

   Urgent surgery 0.82 (0.81, 0.84) 58.38 (53.09, 64.46) 0.12 (0.12, 0.12) 0.24 0.94 (0.92, 0.95) 

   Elective surgery 0.81 (0.79, 0.83) 30.68 (23.01, 39.64) 0.05 (0.05, 0.05) 0.14 0.93 (0.90, 0.96) 

Subgroups*      

   Bacterial pneumonia 0.70 (0.67, 0.74) 74.22 (67.01, 82.08) 0.18 (0.18, 0.18) 0.09 1.08 (1.06,1.09) 

   Cardiac arrest 0.73 (0.70, 0.76) 56.96 (53.25, 60.86) 0.21(0.21, 0.21) 0.14 1.03 (1.01, 1.04) 

   Colon/rectal cancer 0.77 (0.73, 0.82) 13.12 (11.42, 15.07) 0.09 (0.09, 0.09) 0.16 1.09 (1.06, 1.11) 

   Abdominal aortic    
   aneurysm  

0.80 (0.71, 0.87) 30.95 (28.11, 34.08) 0.04 (0.04, 0.04) 0.07 0.58 (0.56, 0.60) 

   Thoracotomy for  
   lung cancer 

0.74 (0.62, 0.84) 8.65 (7.67, 9.77) 0.03 (0.03, 0.03) 0.08 0.72 (0.69, 0.75) 

AUC: Area under receiver operating characteristics curve; Ĉ-statistic: Hosmer and Lemeshow 

goodness-of-fit Ĉ-statistic with 8 df; SMR: Standardized Mortality Ratio; CI: 95% Confidence 

Interval *: subgroups based on APACHE IV reason for admission  +: Note customization does not 

change the AUC 
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Discussion  

This external validation study shows that the original APACHE IV model has good 

discrimination and accuracy in a large Dutch ICU sample, but the calibration was poor. We 

believe the need for customization of the APACHE IV is required due to both the length of 

time since the development of the model and due to changes in country setting. In our 

study it is difficult to determine to which degree each factor separately determines the 

degradation of model performance without customization. The overall AUC and Brier 

score of the customized APACHE IV model was statistically significantly better than the 

customized APACHE II and SAPS II models while the calibration of the customized APACHE 

IV was inferior to the customized APACHE II and SAPS II model. However, differences were 

small and probably not very relevant in clinical practice. In the original APACHE IV study, 

the authors suggested that older models probably should not be used for current 

performance measurement (4). Our findings support this suggestion regarding the original 

APACHE II and SAPS II models, though this does not apply for the customized APACHE II 

and SAPS II models. As all three prognostic models need customization before being 

applied in a new setting and the performance of the customized models is more or less 

similar.  

The performance of the APACHE IV model in the Dutch ICU population varies in different 

diagnostic subgroups. This is in agreement with previous studies in which it is stated that 

the prognostic models may under or over predict the mortality in specific populations, 

which might not have been well represented in the original case-mix used to develop the 

model (15,25-27). The SMR of the three prognostic models was poorest in the subgroups 

thoracotomy for lung cancer and abdominal aortic aneurysm. It suggests that the outcome 

of these patients groups may be influenced importantly by variables not included in the 

three models, such as size and location of the aneurysm. The percentage of admissions 

with thoracotomy for lung cancer and abdominal aortic aneurysm at an ICU ranged from 

0.0-5.0% resp. 0.0-5.9%. As these percentages are small it will probably have minimal 

influence on the overall SMR of an ICU. The performance of the customized APACHE IV 

was poorest in the group of patients after cardiac arrest (AUC=0.72, Brier score=0.22, 

R
2
=0.10, SMR=0.90), whereas this subgroup had an excellent performance in the original 

APACHE IV study (SMR=1.00) (4). The differences in Brier scores between subgroups may 

be mostly explained by the different crude mortality rates within the various subgroups. 

Brier scores tend to be highest when mortality risk is 0.5 and decrease when this risk is 

either close to 0 or 1 (28). Unexpectedly, the overall calibration of APACHE IV measured by 

the Ĉ-statistic appeared to be statistically significantly worse than that of the APACHE II 

and SAPS II seemingly due to under-estimation of risk for high-risk patients (figure 3.1). It 

is important to note however that the probability deciles associated with the different 

models may differ significantly, which render the comparison of the Ĉ-statistics as 
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nontrivial. In contrast, the Brier score and the R
2
 measure of the APACHE IV model 

appeared to be better than that of the APACHE II and SAPS II model.  

The conflicting results of performance measured using different statistics can be explained 

by their characteristics. In our study the Brier score and Ĉ-statistic are used to assess the 

accuracy and calibration of the models. The Brier score has aspects of both discrimination 

and calibration. It operates at the patient level as it calculates the mean of the differences 

between the observed and predicted mortality of each patient. The Ĉ-statistic provides 

information on the calibration at a group’s level as it compares the observed and 

predicted outcome for each risk decile. 

To our knowledge, this is the first study validating the APACHE IV model on a non U.S. ICU 

population. In data from Californian ICUs the overall discrimination of the APACHE IV 

model (AUC=0.89) was, as in our study, significantly better than the discrimination of the 

customized SAPS II model (AUC=0.87) (5).  

The older APACHE II and SAPS II models have been validated more often and also in 

European populations. In a study by Harrison et al. the APACHE II and SAPS II models were 

customized and validated on ICU admissions in the UK (11). Discrimination of those 

models was comparable to our results but the Brier score was lower (APACHE II: AUC=0.83 

and Brier score=0.15, SAPS II: AUC=0.84 and Brier score=0.15). Disparities in case-mix and 

thereby mortality rates between the UK and the Netherlands are the most likely 

explanations for these differences. External validation of the APACHE II and SAPS II in 

previous studies also revealed good discrimination but poor calibration (10,13,16,29-31). 

In agreement with these studies, we recommend that all risk prediction models should be 

validated before being used to provide risk-adjusted outcomes within a new country 

setting. Furthermore, periodical customization is necessary to maintain the validity of the 

models (10,11).  

A limitation of the study is that although the included hospitals spread out over the 

Netherlands, included both teaching and non-teaching hospitals, and had the same 

proportion of academic centers, we cannot exclude volunteer bias as participation to the 

NICE registry is not mandatory. In our study the performance of the three models was 

assessed in a cohort respecting their combined inclusion criteria. This might influence 

model performance as some patients groups might be included for one model but 

excluded for another model (32).The three models were first level customized as the 

sample size of some diagnoses was too small to perform second level customization which 

involves re-estimating all coefficients of the model. It has been reported that first level 

customization is effective in repairing structural errors (14,16). Another limitation in our 

study is that we performed analysis on many subgroups and we did not control for 

multiple comparisons, therefore the results of these analyses should be regarded as 

exploratory. 
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The overall performance of the three prognostic models indicates that they have 

comparable capabilities for benchmark purposes. However, for each of these models the 

SMRs of the various subgroups vary widely. This can lead to different conclusions about 

the quality of care in the ICUs when they clearly differ in their subgroup make up. For 

example an ICU that admits a higher than average proportion of elective surgical patients 

will receive undue credits as the SMR for these patients is low. Therefore higher level 

customization could be considered before any of the models can be considered for 

benchmark purposes. Even then, the SMRs should only be used to signal and identify 

areas for quality improvement and not as judgment for the quality of care by external 

health service funders  (33). Some points of attention need to be considered when 

choosing a model. For the APACHE IV model, 11 additional variables are required to be 

collected, which could be time consuming especially for hospitals without an electronic 

interface transmitting the data. However, the increasing use of electronic interfaces will 

minimize the difference in data collection burden between the APACHE II and APACHE IV 

models. A main advantage of the APACHE IV model is that it incorporates a large number 

of diagnoses, which facilitates outcome analyses in specific (more homogeneous) 

subgroups. The APACHE IV CABG model has a good performance in the Dutch ICU 

population and could be used complementary to each of the three models as the APACHE 

II and SAPS II model exclude patients with a CABG. Comparison between cardiac surgery 

specific models such as the EuroSCORE and the APACHE IV CABG model should be 

performed. 
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