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Objective: to analyze the performance of the Acute Physiology and Chronic Health Evaluation 

(APACHE II), measured based on the data from the last 24 hours of hospitalization in ICU, for 

patients transferred to the wards. Method: an observational, prospective and quantitative study 

using the data from 355 patients admitted to the ICU between January and July 2010, who were 

transferred to the wards. Results: the discriminatory power of the AII-OUT prognostic index 

showed a statistically significant area beneath the ROC curve. The mortality observed in the 

sample was slightly greater than that predicted by the AII-OUT, with a Standardized Mortality 

Ratio of 1.12. In the calibration curve the linear regression analysis showed the R2 value to be 

statistically significant. Conclusion: the AII-OUT could predict mortality after discharge from 

ICU, with the observed mortality being slightly greater than that predicted, which shows good 

discrimination and good calibration.  This system was shown to be useful for stratifying the 

patients at greater risk of death after discharge from ICU. This fact deserves special attention 

from health professionals, particularly nurses, in managing human and technological resources 

for this group of patients.
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Introduction

The Acute Physiology and Chronic Health Evaluation 

II (APACHE II) Prognostic Index (PI) was developed to 

estimate the severity of the illness and predict hospital 

mortality, both for deaths occurring in the Intensive Care 

Unit (ICU) and for those occurring on the wards after 

discharge from ICU. For its calculation, one must take 

into account the worst values in the first 24 hours of 

hospitalization in ICU, age, and the presence of chronic 

illness previous to the hospitalization in ICU(1).

As the APACHE II interprets the severity of the 

patient on admittance to ICU, the changes resulting 

from the development of the illness over the period 

of hospitalization are not taken into account, which 

may reduce its capacity to predict hospital mortality, 

principally for deaths occurring after the patient leaves 

ICU. 

Studies undertaken in Brazil over the last five years 

regarding hospital mortality in patients who received 

intensive care(2-3) have shown that greater mortality 

occurs while the patient is hospitalized in ICU. However, 

a considerable number of patients die on the wards after 

discharge from the ICU(4-5).

The discharge of the patient from ICU takes place 

when the hemodynamic condition has been stabilized, 

and there is no further need for invasive mechanical 

ventilation or continuous monitoring and intensive care. 

Although the occurrence of death after discharge from 

ICU may be related to the natural progression of the 

illness, when all the therapeutic possibilities have been 

exhausted, it may also be the result of factors such as 

the limitation of human resources and availability of 

equipment, principally in services where semi-intensive 

care units are not available, or indeed may indicate 

premature discharge from ICU(6).

For this reason, it becomes highly important to 

identify high risk patients who could benefit from either 

a longer period of treatment in ICU or transference to a 

semi-intensive care unit.

This context provides the following research 

problem: can the APACHE II prognostic index, measured 

based on the worst values of the last 24 hours of 

hospitalization in ICU, have good predictive capacity for 

mortality after discharge from ICU?  

The results from a study carried out in a tertiary 

teaching hospital in Taiwan evidenced that the APACHE 

II, measured on discharge from ICU was related to 

mortality after discharge from ICU, and recommended 

that the study be replicated with a larger sample size(7).

The present study aimed to analyze the performance 

of the APACHE II, measured based on the data from 

the last 24 hours of hospitalization in ICU, for patients 

transferred to the wards. 

Method

An observational, prospective and quantitative 

study, approved by the Research Ethics Committee 

(REC) under protocol nº 312/08.

The study took place in an Intensive Care Service 

(ICS) which manages two hospitals located in the 

central region of the city of São Paulo, attending all the 

medical specialities: clinical and surgical. For selecting 

the sample, data was collected concerning the patients 

admitted to the ICS between 11th January and 10th July 

2010. All were monitored prospectively until the hospital 

outcome.  The inclusion criteria were to be aged 18 or 

over, and to be hospitalized in ICU for more than 24 

hours. During the period of the study, 605 patients 

meeting the inclusion criteria were admitted to the ICS. 

Of this total, one hundred patients were excluded, these 

being: 63 re-admissions, eight hospital transferences or 

discharge from hospital direct from ICU and 29 cases of 

patient health records not containing all the information 

necessary for the data collection. Thus, 505 patients 

were prospectively analyzed, of whom 150 (29.7%) 

died during their stay in ICU and 355 (70.3%) were 

transferred from ICU to the wards, constituting the 

sample studied. 

The variables collected for the general 

characterization of the sample were: sex, age, origin, type 

of hospitalization, length of hospitalization and outcome. 

The variables which make up the APACHE II prognostic 

index were collected as originally proposed(8). As rectal 

temperature is not frequently measured in ICS, it was 

decided to use the values of the axillary temperature 

and add 0.6ºC(9). For the patients transferred to the 

wards, data for APACHE II was collected again, this 

time based on the worst values of the last 24 hours of 

hospitalization in ICU. This was termed AII-OUT.

The data was inputted into a database developed 

using the Epi InfoTM program, version 3.5.2 for Windows.

The mean, median and standard deviation were 

presented in a descriptive form for each quantitative 

variable. The qualitative variables were presented in 

tables or figures with percentages and absolute numbers.
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The APACHE II calculation for risk of death was 

made using the formula (R/1-R) = 3.517 + (APACHE 

II x 0.146) + (0.603, if post-emergency surgery) 

- (Diagnostic category coefficient)(8). The mortality 

predicted by the APACHE II was obtained from the mean 

of all the risks of death from the sample studied. 

The Standardized Mortality Rate was calculated by 

dividing the mortality observed in the sample by the 

mortality predicted by the APACHE II. Values equal to 

one indicate that the mortality predicted by the APACHE 

II was equal to that observed in the sample. Values 

below one indicate that the predicted mortality was 

greater than that observed, meaning that the index 

was over-estimating the deaths in the sample. Values 

greater than one indicate that the mortality predicted 

was less than that observed, and that the APACHE II had 

therefore under-estimated the mortality in the sample. 

For each five points of the AII-OUT, the calculation 

of sensitivity and specificity was made, and a cut-off 

point of “10 points” was established. The sample was 

divided into two groups (AII-OUT below 10 points and 

AII-OUT above 10 points) for analysis of deaths and 

discharges. 

The Chi-squared test was used for comparing the 

two qualitative variables. The Student’s t-test was used 

for comparing the means in the independent samples.

The AII-OUT’s discriminatory power was 

demonstrated by the construction of a ROC curve 

(Receiver Operating Characteristic Curve) based on the 

sensitivity and specificity values for each point of the 

curve.

The calibration curve was constructed for the 

calculation of the adjusted linear regression (R2) for 

estimating the relationship between the predicted 

mortality (ranges of risk of death at every 10%) and 

the mortality observed (percentage of deaths for each 

stratified range of risk). The ranges of risk of death 

with a number of patients below or equal to five were 

excluded from the calibration curve, as, due to the small 

number of patients in these ranges, the calculation of 

the adjustment (R2 value) would be compromised.

The calculations were made using the SPSS 

(Statistical Package for Social Sciences) program, 

version 13.0 for Windows. The level of significance 

adopted for the statistical tests was 5% (p<0.05).

Results

The mean age was 56.9±19.2 years, varying 

between 19 and 97 years, with a median of 57 years. 

n %

Sex

Male 195 54.9

Female 160 45.1

Total 355 100.0

Age range (years)

18 to 29 39 11.0

30 to 44 55 15.5

45 to 59 97 27.3

60 to 74 83 23.4

75 and over 81 22.8

Total 355 100.0

Origin

Operating Room 197 55.5

Emergency Room 91 25.7

Ward 53 14.9

Others* 14 3,9

Total 355 100.0

Type of hospitalization

Clinical 145 40.8

Elective surgery 121 34.1

Emergency surgery 89 25.1

Total 355 100.0

Length of hospitalization (days)

< 4 73 20.6

4 to 7 97 27.3

8 to 15 84 23.7

16 to 30 49 13.8

> 30 52 14.6

Total 355 100.0

Hospital outcome

Discharge 316 89.0

Death 39 11.0

Total 355 100.0

Table 1 – Distribution of the sample, according to 

demographic and clinical data. São Paulo, SP, Brazil, 

2010 (n=355)

*hemodynamic, semi-intensive

The AII-OUT’s mean was 10.1±4.4 points. It varied 

from 1 to 29, with a median of 10. 

Of the 355 patients, 39 died, totalling 11.0% of 

the sample. Among these, the AII-OUT’s mean was 

14.8±5.2 points, and among the 316 patients who 

were discharged from hospital, it was 9.6±4.0 points, 

with a statistically significant difference between them 

(p<0.001). 

The sensitivity and specificity were calculated for 

the AII-OUT, and their values identified in cut-off points 

at every five points (Table 2).

Data for characterization of the sample are 

presented in Table 1. 
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Table 2 – Sensitivity and specificity of the AII-OUT’s 

cut-off points at every five points. São Paulo, SP, Brazil, 

2010 (n=355)

AII-OUT Criteria (POINTS) Sensitivity (%) Specificity (%)

5 100.0 8.5

10 87.2 51.9

15 43.6 88.9

20 15.4 98.7

25 7.7 99.7

It may be observed that the sensitivity of the index 

reduces progressively in line with the increase in the AII-

OUT score (100.0 to 7.7%), inversely to the specificity, 

which increases in line with the increase in the score 

(8.5 to 99.7%).

Due to the fact that the sensitivity measures the 

index’s capacity to correctly identify death and that 

specificity is related to identifying survival rates, it 

was decided to prioritize sensitivity. “10 points” was 

established as the cut-off point for analysis of the AII-

OUT – that is, the last point at which sensitivity was 

greater than specificity. 

Figure 1 presents the sample, divided into two 

groups (deaths and discharges), in line with the cut-off 

point of 10 points for the AII-OUT, with a statistically 

significant difference between them. (p<0.001)

Of the 39 patients who died, 32 (82.1%) had an 

AII-OUT score greater than 10, and 7 (17.9%) less than 

10 (Figure 1)

Figure 1 – Distribution of deaths and discharges in line with the cut-off 

point of 10 points on the AII-OUT. São Paulo, SP, Brazil, 2010 (n=355)

The AII-OUT prognostic index’s discriminatory 

power demonstrated an area under the ROC curve 

(Receiver operating characteristic curve) of 0.801, 

statistically significant with p<0.001 (Figure 2).

The mortality observed in the sample was 11.0%. 

The mortality predicted by the AII-OUT (risk of death) 

was 9.8%, with a Standardized Mortality Ratio (SMR) 

of 1.12.

The calibration curve was constructed for calculating 

the adjusted linear regression estimating the relationship 

between the predicted mortality (ranges of risk of death 

stratified at every 10%) and the mortality observed 

(percentage of deaths for each stratified risk range).

For the AII-OUT, the ranges of risk of death varied 

from 10% to 70%. The range of 50% had two patients, 

and the ranges of 60% and 70% had one patient each. 

Due to this, they were excluded, so as not to compromise 

the value of the adjustment (R2). In the linear regression 

analysis, the R2 value was 0.939, which is statistically 

significant (Figure 3).
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Figure 2 – The AII-OUT’s discriminatory power, according to the 

Receiver operating characteristic curve (ROC). São Paulo, SP, Brazil, 

2010 (n=355)

Figure 3 – The calibration curve, according to the mortality observed and the mortality 

predicted by the AII-OUT. São Paulo, SP, Brazil, 2010 (n=355).
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Discussion

Various Brazilian and international studies have 

aimed to assess the prognostic indices(10-11). The 

relevance of these systems’ use in ICU is already 

established in the literature, and they are considered 

important indicators for assessing the care given to the 

critically-ill patient(12).

The APACHE system was the first prognostic index 

developed to assess risk of death in ICU. Of the four 

versions published, the APACHE II has been the most 

used, because it is easy to apply and its variables are 

easily collected routinely. Due to this it has also been 

widely assessed in various research(5,7,13).

The APACHE II was developed to be used based on 

data from the first 24 hours following admission to ICU 

and, based on this data, to estimate the risk of death 

during in-patient treatment, even after the patient has 

left ICU. The objective was to cause data collection 

for the calculation of the APACHE II to be undertaken 

as early as possible, as that way, the values would be 

independent of the treatment instituted in the ICU. 

The studies show different results in relation to 

the capacity to predict death using the APACHE II(14-15). 

Generally speaking, the literature points to the APACHE 

II’s good performance when used in general ICU(10). 

When compared to indices developed for specific groups 

of patients, its capacity to predict mortality reduces(16), 

except when modifications in the structure occur, 

with the inclusion of new variables which improve its 

performance(17).

One study carried out in 2007(7) assessed the 

possibility of using APACHE II on discharge from the 

ICU, as it was believed that the organic dysfunction of 

the patient on discharge from ICU was an important 

prognostic factor for death on the wards. That being 

so, the present study was developed based on the 

same benchmark, in the attempt to assess whether 

the APACHE II undertaken on discharge from the ICU 

presented a better capacity for predicting mortality after 

discharge from the ICU.

In the assessment of the AII-OUT, in the present 

study, a mean of 10.1 points was ascertained, below the 

mean of 17.05 found in the 2007 study(7), in which the 

index was also calculated based on the data from the 

last 24 hours spent in the ICU. Note that in the above-

mentioned study, the sample was made up entirely of 

clinical patients, whereas the present study included 

both clinical and surgical patients.

Based on the values for sensitivity and specificity, 

it was decided to establish the AII-OUT’s cut-off point 

at 10 points, to analyze the deaths and survival rates in 

the sample.  

Of the 39 patients who died, 32 (82.1%) had an 

AII-OUT score above 10 points, a statistically significant 

difference in relation to the patients who had an AII-OUT 

score below or equal to ten. Thus, it is deduced that 

the AII-OUT score higher than ten was related to higher 

mortality in the sample. 

In the other study in which the APACHE II prognostic 

index was also assessed on discharge from the ICU(7), 

based on the sensitivity and specificity, the cut-off point 

established was 17 points. In the same study, of the 

patients who had scores higher than 17, 37.3% died on 

the wards. Among the patients with scores below 17, 

9.4% died on the wards. 

It was also observed that a smaller portion, that 

is, seven patients (17.9%) who died (Figure 2) left ICU 

with an AII-OUT score of up to ten points. In spite of 

this number of patients being small, this impeding the 

analysis of this data, some characteristics were found 

in this group which called attention. Regarding the type 

of hospitalization, four patients were clinical and three 

were post-emergency surgery, all neurosurgery. None of 

these patients was post-elective surgery. The length of 

hospitalization on the ward varied from two to 129 days, 

with a mean of 35±46 days. In four patients, the length 

of hospitalization was greater than 15 days. 

The prognostic indices’ discriminatory power, 

that is, the power to discriminate deaths from survival 

rates, is assessed by the area under the ROC curve. A 

prognostic index totally incapable of discriminating the 

patients who die from those who survive has an area 

under the curve of 0.5. The greater the index’s capacity 

to discriminate death from survival, the greater the 

area under the curve and, consequently, the more this 

approaches the top left corner of the graph. In this case, 

the value would be close to one. 

In the analysis of the ROC curve for the prognostic 

indices, the area under the curve must be greater than 

0.70. Values higher than 0.80 are considered good, and 

over 0.90, excellent(18).

Brazilian studies undertaken in the same service 

obtained an area under the ROC curve of 0.801(10) and 

0.729(19). These studies assessed the performance of 

the APACHE II on admission of the patient to ICU, in 

line with the index’s original proposal. Another study 

presented an area of 0.706 for the APACHE II measured 
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on admission of the patient to ICU, and an area of 0.746 

when the patient was discharged(7). The sample’s profile, 

in addition to the characteristics themselves of the care 

and the service in different countries, may explain 

the difference in the area under the ROC curve, and 

consequently the difference in the index’s discriminatory 

capacity. 

In this study, the area found for the AII-OUT was 

0.801, which showed the index’s good discriminatory 

power. 

The Standardized Mortality Ratio (SMR) is obtained 

through the relationship between the mortality observed 

and the predicted mortality. The present study found a 

SMR for the AII-OUT with a value of 1.12. In the two 

studies previously carried out in the same ICU, SMR 

were found with values of 1.39(10) and 1.21(19), in 2005. 

A study undertaken in Holland, published in 2011(20), 

carried out with surgical patients, found a SMR of 1.19. 

It is worth highlighting that the present study analyzed 

patients transferred to the wards, not taking into account 

the mortality observed in ICU. In the analysis of the 505 

patients admitted to the ICU in the period studied, the 

SMR was 1.61.

It is noteworthy that the present study has 

limitations which must be considered: it was carried 

out in a single Intensive Care Service, there being, 

therefore, the need for assessment in other hospitals 

to confirm the AII-OUT’s discrimination and calibration; 

in spite of this study’s sample being higher than that 

of the study whose APACHE II was also analyzed on 

discharge from the ICU(7), when stratified, there was a 

small number of patients with ranges of risk of death 

above 40%, compromising the possibility of assessing 

the AII-OUT for ranges of risk of death of over 50%.

The APACHE II was developed taking into account 

variables which were tested and identified as predictors 

of death, to be measured in the first 24 hours of 

hospitalization in ICU. For this reason, further studies 

are necessary to ascertain whether these same variables 

are also appropriate to be measured when the patient 

leaves ICU. 

In spite of the prognostic indices being used 

predominantly for assessing severity some studies have 

shown that the greater the severity of the patient, the 

higher the demands for nursing care(21-22).

This being so, it is understood that the use of the 

AII-OUT by the nurse: can be useful to stratify the 

patients at higher risk of death after discharge from 

the ICU - this fact deserves special attention because 

human and technological resources are available to the 

patient during their hospitalization in ICU, and many 

leave ICU still with a high demand for support, which 

is not supplied by the resources offered on the wards, 

in this way substantiating the need for implantation of 

semi-intensive care units(21); can be useful as a Patient 

Classification System, in addition to the systems which 

assess the nursing workload(23), providing the nurse 

with objective evidence for justifying the need to 

adjust the nursing workforce, or, further, for directing 

the resources available to the patients at higher risk; 

can be useful, from the care point of view, in assisting 

with the establishment of priorities; and can be 

useful in the identification of patients at higher risk 

of re-hospitalization in ICU(22,24), with the objective of 

establishing interventions which reduce the occurrence 

of re-admissions, and in the identification of patients 

who may benefit from a longer stay in ICU. 

These factors must be widely considered and 

assessed by health professionals, in particular by the 

nurses, in managing human and technological resources 

and in understanding the importance of adapting the 

nursing workforce for the promotion of safe care for 

this group of patients(25). Thus, the prognostic indices, 

like the systems for quantifying nursing care, must be 

used as administrative tools which are essential for the 

quality of the service provided. 

The studies published in the last two years(20-25) 

on Severity of Illness Index and nursing workload 

support these assertions and indicate the need for 

further research to extend knowledge in this area, and 

contribute to providing a foundation for the nurse’s 

practical care and management. 

Conclusion

The present study’s results allow the conclusion 

that the AII-OUT was able to predict mortality after 

discharge from the ICU, with the mortality observed 

being slightly greater than that predicted, demonstrating 

good discrimination and good calibration. 
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