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ABSTRACT 

Aim To verify and compare the accuracies of mortality predic-
tions in the Intensive Care Unit (ICU) of the Internal Clinic of 
Central Military Hospital in Prague, Czech Republic, using model 
APACHE II and the newer systems of the APACHE IV, SAPS 3 
and MPMoIII.

Methods The data were collected retrospectively between 2011 
and 2012, 1000 patients were evaluated. The assessment of the 
overall accuracy of the mortality predictions was performed using 
the standardized mortality ratio (SMR), and the calibration was 
assessed using the Lemeshow-Hosmer “goodness-of-fit” C sta-
tistic. Discrimination was evaluated using ROC curves based on 
calculations of the areas under the curve (AUCs).

Results The APACHE II, SAPS 3, and MPMoIII systems signifi-
cantly overestimated the expected mortality, whereas the APAC-
HE IV model led to correct estimations of the overall mortality. 
The discrimination capabilities of the models assessed according 
to the constructions of the ROC curves were evaluated as good, 
only the APACHE II was evaluated as satisfactory. The calibrati-
ons of all models were evaluated as unsatisfactory.

Conclusion The best mortality estimation for the investigated po-
pulation sample was provided by the APACHE IV system. The 
discrimination capabilities of all models for the studied population 
were satisfactory, but the calibration of all of the systems was un-
satisfactory. The conclusions of our study are limited by the rela-
tively small size of the investigated sample and the fact that this 
study was conducted at only a single site. 

Key words: intensive care units, Czech Republic, mortality, pro-
gnosis, humans, models, calibration, health status indicators, ROC 
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INTRODUCTION 

Prognostic scoring systems have been developed 
by companies for intensive medicine in an effort 
to objectively describe and quantify the severity 
of the conditions of selected groups of critically 
ill patients (1). Furthermore, an independent 
evaluation of the severity of a condition allows 
for the relatively objective assessments of the 
workloads required by intensive care units and 
resuscitation care units (2). To a certain extent, 
such independent evaluations also allow for the 
comparison of the quality and effectiveness of 
the care between these facilities (2,3)
There is a large number of prognostic models 
(3). Some generally focus on covering the enti-
re population of critically ill patients, and some 
narrowly focus on predicting the prognosis and 
severity of narrowly defined conditions. The 
most used general prognostic scoring models 
include systems such as the Acute Physiology 
and Chronic Health Evaluation (APACHE), 
Simplified Acute Physiology Score (SAPS) and 
the Mortality Probability Model (MPM) (4–7). 
The oldest general complex systems are the 
APACHE system, which was published in 1981 
(8), and the SAPS system from 1983 (9). The 
APACHE system was revised in 1985 and sub 
sequently published as the APACHE II system 
(4). With regard to the rapid development of 
health care opportunities and improvements in 
treatment procedures, the prognoses of a num-
ber of critical conditions have improved over a 
relatively short time; therefore, the original pro-
gnostic systems have become relatively absolu-
te and require revision. Before using these mo-
dels, all of these models should be validated for 
the specific population to which they should be 
applied (10,11).
The most recent revisions of the mentioned pro-
gnostic models were published between 2005 and 
2007; e.g., the APACHE IV model in 2006(8), the 
European SAPS 3 model in 2005 (6,7) and the 
MPM0III model in 2007 (12). To date no publis-
hed test has been performed in the Czech Republic. 
Our work was committed to verifying the applica-
bility of systems, such as the APACHE II and IV, 
MPMoIII and SAPS3, in a set number of ICU pati-
ents of an internal clinic in a tertiary care hospital in 
Prague, Czech Republic.

PATIENTS AND METHODS

Patients and study design

The Central Military Hospital in Prague, Czech 
Republic, is a university hospital of the third 
type which covers urban referral area including 
approximately 150.000 inhabitants. The intensi-
ve care unit (ICU) of the internal clinic has 9 beds 
that are fully equipped to provide comprehensi-
ve intensive care including artificial ventilation 
support and continual renal replacement therapy. 
It admits approximately 800 patients with preva-
iling internal diagnoses per year to this ICU. The 
hospital also houses a surgical intensive care unit 
and a resuscitation care unit (KARIM). It was 
retrospectively collected data from patients who 
were consecutively admitted to the internal ICU 
between 01 January 2011 and 31 August 2012. 
The data were obtained by revision of medical re-
cords and electronic documents stored in an inter-
nal hospitalization system database (AMIS). All 
tests and data were recorded in accordance with 
standard processes in relation to the underlying 
disease. An approval from the Central Military 
Hospital Ethics Committee was obtained before 
initiation of the study.
In total, data from 1009 patients were duly proce-
ssed, and the data from 1000 patients were used 
for our study (i.e., 99.1%); nine patient records 
were excluded due to incompleteness or the una-
vailability of significant values. To suppress the 
variability in the data collection, all values   were 
recorded by a single trained and experienced me-
dical professional and subsequently revised by 
the authors of the study.

Methods and statistical analysis 

The analyses focused on the following data: 
the demographic characteristics, APACHE II 
scores, APACHE IV scores, SAPS3 scores, 
and the variables of MPM0 III system. Valu-
es   obtained at the time of admission or within 
the first 24 hours of hospitalization were used. 
In accordance with the original methodology 
of data collection, the values   with the greatest 
deviations from the normal (physiological) va-
lues were used.   Individual cases were reviewed 
in cases of missing values. If a missing value 
was assessed as insignificant, it was taken to be 
normal. Patients with missing values that were   
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considered significant were not included in the 
assessment. Equally to all evaluated models, 
the mortality of the patients was assessed upon 
discharge from the hospital. The patients who 
were transferred to another facility for hospita-
lization or intensive care were further monito-
red, and their mortalities were assessed at disc-
harge to home care or when they were moved to 
facilities that provided long-term nursing and 
rehabilitative care. 
The APACHE II scores and mortality estimates 
were calculated according to the original equa-
tion (4) as were the predictions of mortality ba-
sed on the APACHE IV, MPMoIII and SAPS3 
(6–8,12). The standardized mortality ratio (SMR) 
was calculated as the ratio of the observed hospi-
talization mortality and the predicted mortality. 
The 95% confidence intervals (CI95%) were 
obtained using the observed mortality as a Poi-
sson variable and then using the 95% CI divided 
by the predicted mortality. We further verified the 
general accuracy of the models by determining 
the Brier score (13). 
Because the Brier scores depend on the preva-
lence of the reference character in the populati-
on (mortality in our case), it is not suitable for 
comparing the accuracies of models in different 
populations. Therefore, we completed the calcu-
lation by determining the “scaled” Brier score 
(BSscaled), which is independent of the starting set. 

(14) Verification of the system’s applicability to 
studied cohort of patients was conducted by re-
viewing its calibration and discrimination. Cali-
bration, which expresses the ability of the test to 
determine the probability of death in accordance 
with the observed mortality, was calculated using 
the Hosmer-Lemeshow test (15). Rejection of the 
null hypothesis, i.e., the assumption of the absen-
ce of a difference between the predicted and actu-
al mortality in each group, was performed at a 
significance level of p<0.05.
The abilities of the individual systems to distin-
guish survivors and non-survivors according to 
the estimated mortality (discrimination) were 
assessed using receiver operating characteristic 
(ROC) curves and 2x2 classification matrices. 
The ROC curves were constructed as discrimi-
nation measurements with distributions per 10% 
according to the predicted mortality. The obtai-
ned curves were compared using the calculated 

area under the curve (AUC). AUC values > 0.75 
were evaluated as satisfactory, AUC values > 0.8 
were evaluated as good, and AUC values > 0.9 
were evaluated as very good. The classification 
matrices were processed with the classification 
criteria of 10%, 30% and 50%, and based on the-
se criteria, the sensitivities and specificities of the 
individual tests were determined.

RESULTS 

Demographic characteristics of the patients

The mean age of the patients was 69.9 years, 
and the representations of both sexes were re-
latively proportional (56% males versus 44% 
females). The total mortality at discharge was 
10.9% (109 patients). The representation of sur-
gical patients was very low, 11 (1.1%) patients. 
Total of 638 patients (63.8%) were admitted due 
to emergency situations. Significantly higher 
mortality was observed in the group of patients 
who were moved to the ICU from wards, 47 
(23%) patients. The group of the deceased also 
exhibited longer histories of previous hospitali-
zation. The deceased patients were older (78.5 
years vs. 68.8 years; p <0.001), and at a lower 
level of significance a difference in mortality 
between the sexes (the mortality of the females 
was 19%, and the mortality of the males was 
11%; p <0.05) was also found. Factors associa-
ted with higher mortality included cardiopulmo-
nary resuscitation before or at the time of ad-
mission ant the need for mechanical ventilation 
(p<0.001). In a greater proportion of patients, 
hospitalization was discontinued with discharge 
to home care, 702 (70%). Some patients were 
moved to facilities for long-term follow-up care 
(n = 189, 19%). A total of 109 (10.9%) patients 
died during hospitalization (Table 1).
Table 2 shows the actual mortality and the mor-
talities predicted based on the examinations of 
the scoring systems. Mortality was predicted 
correctly only with the APACHE IV system. In 
all other systems, the SMRs were significantly 
below 1, which indicated an overestimation of 
the set estimated mortality. The Brier scores 
were satisfactory for all models. Values modifi-
ed using the “scaled” Brier score (13,14) reve-
aled relatively better prediction accuracies for 
the APACHE IV and SAPS 3 models, a border-
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Estimated mortality based on primary diagnosis 
at admission

The division of the total set into categories accor-
ding to primary diagnosis at admission (Table 3) 
resulted in the total accuracies of the mortality 
predictions slightly decreasing in most of the 
systems. All systems achieve the best prediction 
of total mortality for respiratory diseases. The 
mortality was most overestimated for cardiovas-
cular diseases, particularly in patients with acute 
myocardial infarction (MI) (Table 4).

Calibration

For all systems, the χ2 values were not very sat-
isfactory, and p values <0.05 were observed in 
all cases. Relatively, the best calibration was ob-
served for the APACHE IV system (χ2 =24.2) with 
a p value of 0.002, for APACHE II system wasχ2 

value slightly higher (χ2=25.7) with p value of 
0.001. The SAPS3 and the MPMoIII systems ex-
hibited the worst calibrations in our group, with 
high χ2 values   (31.1 and 43.2) and p values <0.001.

Mean ± SD

Parameter Total Survivors Non-survi-
vors p 

Total 1000 891 109
Mean age (years) 69.9 ± 16.3 68.8 ± 16.7 78.5 ± 9,5 <0.001*

Sex (%)
Male 560 (56) 505 (56.7) 55 (50.5) <0,05†
Female 440 (44) 386 (43.3) 54 (49.5) <0,05†

Type of admission (%)
Transfer from ward 199 (19.9) 152 (17) 47 (43.1) <0.001
From other hospitals 163 (16.3) 157 (17.6) 6 (5.5) <0.01
Duration of previous 
hospitalization 1.68 ± 5.34 1.42 ± 5.05 3.8 ± 6.95 <0,001*

Need for mechanical 
ventilation (%) 52 (5.2) 30 (3.3) 22 (20.2) <0.001

Surgical procedure 
before admission (%) 11 (1.1) 10 (1.1) 1 NS

Cardiopulmonary 
resuscitation (%) 39 (3.9) 28 (3.1) 11 (10) <0.01

Hospital discharge location (%)
Home 702 (70.2) 702 (78.7) 0
Other 189 (18.9) 189 (21.2) 0
Death 109 (10.9) 0 109
Mortality probabi-
lity, APACHE II (%) 16.6 ± 12.8 15.1 ± 11.7 28.4 ± 15.5 <0.001*

Mortality proba-
bility, APACHE 
IV (%)

9.85 ± 15.1 11.5 ± 7.6 27.9 ± 25.4 <0.001*

Mortality probabi-
lity, SAPS3 (%) 16.2 ± 16.4 12.9 ± 13.4 39.3 ± 22.4 <0.001*

Mortality probabi-
lity, MPM0 III (%) 13.5 ± 17.1 14.1 ± 11.2 31.7 ± 26.3 <0.001*

Table 1. Baseline characteristics of the patients

*survivors vs non-survivors; †male vs female mortality

System Actual 
mortality

Predicted 
mortality SMR 95%CI Brier 

score
BS 

scaled
APACHE II 0.109 0.166 0.66 0.63-0.69 0.0909 6.30%
APACHE IV 0.109 0.098 1.11 1.00-1.22 0.0806 17%
SAPS3 0.109 0.162 0.67 0.63-0.71 0.0764 21.30%
MPM0III 0.109 0.134 0.81 0.75-0.87 0.0873 10%

Table 2. In-hospital mortalities predicted by the systems

SMR, standardized mortality ratio abbreviation in full; BS, Brier score;

line prediction accuracy for the MPMoIII model, 
and a relatively unsatisfactory prediction accu-
racy for the APACHE II model.

Standardized mortality ratio
Subcategory No of patients Died APACHE II APACHE IV SAPS 3 MPMoIII

Cardiovascular 610 41 0.49
(0.46-0.53)

0.78
(0.69-0.89)

0.47
(0.44-0.51)

0.47
(0.43-0.52)

Respiratory 112 22 1.03
(0.91-1.19)

1.21
(1.00-1.52)

0.89
(0.76-1.07)

1.42
(1.13-1.87)

Gastrointestinal and metabolic 193 12 0.51
(0.49-0.59)

0.91
(0.73-1.2)

0.47
(0.42-0.55)

0.88
(0.74-1.09)

Other 85 33 1.84
(1.60-2.17)

2.23
(1.76-3.03)

1.27
(1.1-1.52)

1.75
(1.43-2.24)

Table 3. Standardized mortality ratio (SMR) according to reason for admission

Standardized mortality ratio
Subcategory No of patients Died APACHE II APACHE IV SAPS 3 MPMoIII

Myocardial infarction (MI)(16) 200 7 0.29
(0.27-0.33)

0.59
(0.49-0.75)

0.33
(0.30-0.38)

0.37
(0.31-0.45)

Non-MI patients 800 102 0.72
(0.62-0.83)

1.17
(1.12-1.24)

0.72
(0.70-1.24)

0.88
(0.77-1.03)

Table 4. Standardized mortality ratio (SMR) according to presence of myocardial infarction
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Discrimination

The worst correctness of the classification was 
observed with the APACHE II system. At the 
selected discriminating levels of 30 and 50% all 
of the other systems reached values of   overall 
classification accuracy of approximately 88 and 
89%, respectively (Table 5).

limits lead to potential limitations regarding the 
use of scoring systems in different populations 
and in different eras (2).

All of the systems under investigation were de-
veloped in sample populations with compositions 
that differed from the set of our workplace. Alt-
hough the diagnoses and conditions occurring in 
our group were part of the spectrum of diagnoses 
of the cohorts of patients used to develop the te-
sted models, their proportions and profiles of the 
severities of the conditions were different. 
In our work, we observed an overestimation of 
the estimated mortality that applied to all mo-
dels with the exception of the most recent and 
most comprehensive model, i.e., the APACHE 
IV. This overestimation of predicted mortality 
was particularly strong in the subgroup of pa-
tients with acute myocardial infarction (16). 
This finding correlates well with the decrea-
se in mortality in these patients that has been 
documented in recent years in connection with 
the development of acute reperfusion therapy 
(17). In the Czech Republic, the predominant 
mode of treatment for patients with acute coro-
nary syndrome is acute PCI, which is expected 
to lead to significant reductions in mortality in 
patients who are admitted to the hospital with 
acute myocardial infarction (18). However, this 
conclusion may not be universally valid as de-
monstrated by the study by Nassara Jr. et al. 
from 2013 that was conducted at the University 
Hospital in Sao Paulo; in this study, the overall 
predictions of mortality and the discrimination 
capabilities of the APACHE IV and SAPS 3 te-
sts for this group of patients were good (19). If 
we exclude the group of patients with myocardi-
al infarction in our sample from the evaluation, 
the overall accuracy of the mortality classifica-
tion according to the SMR significantly impro-
ves for all newer systems. Only the APACHE 
II system also significantly overestimated the 
overall mortality in this group of patients (SMR 
0.72, CI 0.62 to 0.83).
We found a number of studies that compared 
the prediction accuracies of the APACHE IV, 
SAPS II and MPMoIII systems (20–23). There 
are also many published papers that have de-
scribed the functionality of the selected general 
scoring systems in various intensive care units 
in different countries (21,24–26). Kuzniewitz 

 Died Survived

System PD PS PD PS
Sensitivity
(95% CI)

Specificity
(95% CI) OCCR

Cutoff 10%
APACHE II 101 8 576 315 92 (86-96) 35 (32-39) 42%
APACHE IV 72 37 166 725 66 (56-74) 81 (79-84) 80%
MPMoIII 86 23 293 598 79 (70-85) 67 (64-70) 68%
SAPS3 102 7 386 505 94 (87-97) 57 (53-60) 61%
Cutoff 30%
APACHE II 48 61 109 782 44 (35-54) 88 (85-90) 83%
APACHE IV 36 73 43 846 33 (24-42) 95 (94-96) 88%
MPMoIII 40 69 55 836 37 (28-46) 94 (92-95) 88%
SAPS3 65 44 81 810 60 (50-68) 90 (88-92) 88%
Cutoff 50%
APACHE II 9 100 13 878 8 (4-15) 99 (98-99) 89%
APACHE IV 23 86 20 871 21 (15-30) 98 (97-99) 89%
MPMoIII 26 83 29 862 24 (17-33) 97 (95-98) 89%
SAPS3 37 72 32 859 34 (26-43) 96 (95-97) 90%

Table 5. Results of the analysis of the classification matrices

PD, death predicted; PS, survival predicted; OCCR, overall correct 
classification rate

ROC curves were constructed for all the me-
asured systems. Good discrimination capabili-
ties were demonstrated by the SAPS 3 (AUC 
0.867) and APACHE IV (AUC 0.841) systems, 
and a slightly worse but still good discrimi-
nation capability was also observed for the 
MPMoIII system (AUC 0.807). As expected, 
the oldest system, i.e., the APACHE II, exhibi-
ted the worst value, although it was still satis-
factory (AUC 0.766).

DISCUSSION

The construction of prognostic scoring systems 
is always determined by the population sample 
used for the calibration and subsequent valida-
tion of the model. Similarly, the construction 
of models is always limited by the time of their 
creation, and the results are always related to 
the current level of medicine at that time. Fi-
nally, the outputs of models are limited by the 
resources invested in medical care within the gi-
ven population under examination. All of these 
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et al. (22)  compared the functionalities of the 
APACHE IV, SAPS II and MPMoIII models in 
a study involving 11,300 patients who were ad-
mitted to 35 intensive care units in California. 
When applied to the US population, the best 
discrimination capability was observed for the 
APACHE IV (AUC 0.892) model followed by 
the SAPS 2 (AUC 0.873) and MPMoIII (AUC 
0.809) models, and these results agree well with 
our own. Similarly, Keegan et al. (23) compared 
the APACHE III, APACHE IV, SAPS 3 and 
MPMoIII models in 2596 patients from three 
intensive care units (Rochester, Mayo Medical 
Centre). Regarding the discrimination capabili-
ties as expressed by ROC curves, these authors 
found the best results for the APACHE IV (AUC 
0.861), satisfactory results for the SAPS (AUC 
0.801) and the worst results for the MPMoIII 
(AUC 0.721). Again, these findings confirm the 
values   in the cases of the SAPS 3and APACHE 
IV models observed in our work and the quite 
significant difference for the MPMoIII. The cal-
ibrations of the models examined in this study 
were generally poor with χ2 values   of 21.8 for 
the MPMoIII (p<0.05) and 31 (p<0.05) for the 
APACHE IV, which correspond to the similarly 
disappointing calibration values   for all of the 
models in our work. Lee et al. (26) compared 
the APACHE IV with the APACHE II and SAPS 
3 models for patients who were admitted to a 
surgical intensive care unit of a university hos-
pital (South Korea). These authors described 
good discrimination capabilities of these sys-
tems when applied to different populations but 
distinctly unsatisfactory calibrations for all of 
the models, and these results are analogous to 
those from our work
There are many possible reasons for which the 
calibrations of assessed systems did not reach 
satisfactory values for the sample under exa-
mination. The most frequently mentioned rea-
sons include differences in the evaluated sets or 
differences in the sizes of cohorts used to deve-
lop and validate the models (27). In our work, a 
major role was also played by the significantly 
higher proportion of patients with cardiovascu-
lar issues, especially the patients with myocar-
dial infarctions, and the practical absence of sur-
gical patients. Poor model calibrations can also 
be associated with a relatively higher proporti-

ons of patients with low overall risks (28). Other 
causes may also include regional differences in 
the approach to decisions about terminating 
care, differences in the diagnoses of certain di-
seases and regional differences in the manner of 
providing medical care (15,29).
The results of our work should be evaluated 
with caution due to the present limitations and 
restrictions. This work is limited in scope to a 
single workplace that predominantly provides 
care to patients with diagnoses of internal me-
dical natures. The number of patients included 
in the evaluation was not small; however, this 
number was significantly smaller compared to 
the large multicentre studies or sets based on 
which the assessed models were constructed. 
Therefore, our findings may not be fully tran-
sferable and valid for other intensive care units.
In conclusion, our findings revealed that the in-
vestigated systems overestimated the expected 
total mortality with the exception of the APAC-
HE IV, which is the most comprehensive system 
but is rarely used in our conditions. However, 
when the patients with diagnosed myocardial 
infarctions were removed from the evaluation, 
the total mortality predictions of the MPMoIII 
and SAPS III systems significantly improved. 
The APACHE II overestimated the mortalities 
for all groups of patients. In the patients with 
diagnoses of acute myocardial infarction, the 
prediction of mortality was dramatically ove-
restimated by all of the investigated models, 
and these systems should not be used in this 
patient group without further modifications. Re-
garding our group, the discrimination capabili-
ties as evaluated with ROC curves were good 
for all of the newer models and satisfactory for 
the APACHE II model. The calibrations of all 
of the systems for our patient population were 
assessed as unsatisfactory. Nevertheless, the 
conclusions of our work need to be interpreted 
with caution due to the limitations and restricti-
ons, particularly the relatively small scale of the 
studied population with prevailing internal dise-
ases and the fact that the study was conducted at 
only a single site. 
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