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Abstract

Objective: The Acute Physiology and Chronic Health Evaluation (APACHE) severity of disease classification system, which is one of the most
widely used scoring systems to predict mortality; is used for intensive care units (ICU) patients. This study aimed to evaluate the predictive ability
of APACHE II for mortality in patients after undergoing cardiac surgery. We studied if APACHE II could successfully predict the outcome in
post-cardiac surgery patients.

Methods: This study involved retrospective data collection of all adult patients who were admitted to Ordu State Hospital cardiovascular sur-
gery ICU following cardiac surgery from August 2013 to December 2015. Area under the receiver operating characteristic (ROC) curve (AUC)
values were calculated for the APACHE II model.

Results: During the two years of data collection, we included 600 patients with a mean age of 64.77£10.148 years. Of these, 180 (30.0%) were
females. The ICU mortality rate was 8.33%, and the mean length of ICU stay was 4.210£6.913 days. The mean pre-operative EuroSCORE
was 3.890+2.565, and the mean pre-operative APACHE II score was 6.790£3.617. The AUC values for APACHE II and EuroSCORE were
0.743 and 0.767, respectively.

Conclusion: The APACHE II model can be used to predict mortality in a Turkish population of patients who have undergone cardiac surgery.
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Introduction

To help physicians objectively judge patients’ conditions, a post-operative scoring system is required. Such a system
should support disease severity evaluation and therapeutic decisions (1).

Several pre-operative risk stratification models, such as the ‘additive European System for Cardiac Operative Risk
Evaluation’ (EuroSCORE), are in daily use after cardiac surgery. The first such scoring system used after cardiac
surgery was the Parsonnet scoring system, which was developed in 1989 (2). EuroSCORE was developed in 1999
and was used for predicting post-operative mortality following open heart surgery (3). EuroSCORE has gained wide
acceptance in Europe and in Turkey as it can predict in-hospital mortality after cardiac surgery (4). The use of the
EuroSCORE model in the adult Turkish cardiac surgery population is obligatorily practiced by the national health
authority and the Turkish Social Security Agency (4).

However, EuroSCORE is limited to pre-operative variables and does not include intra- or post-operative circumstanc-
es. The APACHE II model has been developed in intensive care units (ICUs) and been applied in the research and
risk stratification of critically ill patients (5, 6). This model uses the lowest values of 12 measured physiological variables
during the first 24 h after admission in the ICU, with the evaluation of the patient’s chronic health and the diagnosis at
admission, to predict mortality (5). It is simple to calculate this score from data that are routinely available during the
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first 24 h after admission, and the model has been extensively
studied in general IGU populations.

In the present study, we retrospectively analysed the charts of
600 patients who underwent surgery and who were post-op-
eratively admitted to the ICU at Ordu State Hospital. We
evaluated the predictive ability of APACHE II in patients fol-
lowing open heart surgery.

Methods

We included 600 consecutive adult patients admitted to the
ICU following open heart surgery from August 2013 to De-
cember 2015 in our retrospective study. Those who were
re-admitted to the ICU were excluded. The study was ret-

Table 1. Descriptive features
Tables Groups Frequency (n) (%)
Gender M 420 70.0
F 180 30.0
Total 600 100.0
Operations AAR 40 6.7
AVR 32 5.3
AVR+AAR 24 4.0
AVR+CABG 16 2.7
AVR+MVR 12 2.0
Bentall 8 1.3
MVR+CABG 12 2
CABGx1 20 3.3
CABGx2 88 14.7
CABGx3 144 24.0
CABGx4 132 22.0
CABGx5 16 2.7
MVR 56 9.3
Total 600 100.0
AAR: ascending aortic replacement; AVR: aortic valve replacement;
CABG: coronary artery bypass grafting; F: female; M: male; MVR: mi-
tral valve replacement
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rospective and thus did not need approval of the local ethics
committee.

The patients were transferred from the operating room di-
rectly to the ICU, where they were post-operatively moni-
tored for two days; they were then sent to the recovery ward.
No data were missing. All patients signed written informed
consent and the study complied with the Declaration of Hel-
sinki.

The APACHE 1II score was calculated on the first post-op-
erative day. The following data were collected: age; medical
history; systolic and mean arterial blood pressure; heart rate;
respiratory rate; body temperature; oxygenation; arterial pH;
serum sodium, potassium and creatinine levels, haematocrit;
white blood cell count; platelet count; and Glasgow Coma
Scale score. APACHE II score calculation was based on the
lowest values of the above parameters documented during the
first 24 h following admission to the ICU.

Statistical analysis

Data obtained analysed using the MedCalc program (Med-
Calc version 18.6, MedCalc Software bvba). For data evalua-
tion, number, percentage, mean and standard deviation were
used. Estimation of the data values was tested by analysis of
ROC. P-values of <0.05 were considered significant.

The area under the receiver operating characteristic (ROC)
curve (AUC) value was calculated to compare the predictive
power. AUC is meaningless for values under 0.7; a value be-
tween 0.7 and 0.8 1s acceptable, that between 0.8 and 0.9 is
very good and that of 0.9 is excellent.

Results

The mean age of the 600 patients was 64.77£10.148 years.
Of these, 420 (70.0%) were males and 180 (30.0%) were fe-
males. Most patients had undergone isolated coronary artery
bypass grafting (400 patients) (66.67%); isolated valve surgery
was the second most common procedure that the patients had
undergone (88 patients) (14.67%). The descriptive features of
the patients are presented in Table 1.

Table 2. Average of the parameters

N Minimum Maximum Mean Standard deviation
EuroSCORE 600 0 13 3.89 2.565
APACHE IT 600 0 18 6.79 3.617
ICU stay, days 600 0 70 4.21 6.913
Discharge from hospital, days 600 0 25 6.95 4.105
Age, years 600 28 88 64.77 10.148
ICU: intensive care unit
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Figure 1. ROC analysis of the APACHE II Score
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Figure 2. ROC analysis of the EuroSCORE

Table 3. Significance of the APACHE II ROC curve

Area under the ROC curve (AUC) 0.743
Standard error 0.0352
95% confidence interval 0.706 to 0.778
z statistic 6.907

P (Area=0.5) <0.0001
Significance of the EuroSCORE

ROC Curve

Area under the ROC curve (AUC) 0.767
Standard error a 0.0239
95% confidence interval b 0.731 to 0.800
z-statistic 11.181

P (Area=0.5) <0.0001

The mean length of ICU stay was 4.210£6.913 days, and the
mean length of hospital stay was 6.950£4.105 days. Because
one patient has stayed in the ICU for 70 days and another
for 59 days and as they both died, the mean length of ICU
stay was high and may be inconsistent with the discharge du-
ration.

The overall mortality was 8.33%, with the deaths of 50 pa-
tients recorded during the study period. The predicted mor-
tality according to EuroSCORE was 11.3%, whereas the pre-
dicted mortality according to APACHE II was 10.2%. The
difference between the observed and predicted rates was not
significant.

Table 2 shows the average of the studied parameters.

The AUC value was 0.743 for APACHE II and 0.767 for Eu-
roSCORE. The results of ROC analysis for APACHE II and
EuroSCORE are shown in Figure 1 and Figure 2.

Table 3 shows the significance of the APACHE II and Euro-
SCORE ROC curves. The area under the ROC curves was
a statistically significant parameter in both APACHE II and
EuroSCORE.

Table 4 shows sensitivity and specificity values according to
APACHE 1I score. Table 5 shows sensitivity and specificity
values according to EuroSCORE.

The optimum cut-off value for APACHE II was >9. Sensitiv-
ity and specificity values at the cut off point line were 56.25
and 83.58, respectively. The Youden index 0.3983.

The optimum cut-off value for EuroSCORE was >3. Sensi-
tivity and specificity values at the cut off point line were 93.75
and 51.9, respectively. The Youden index was 0.4524.

Discussion

In the present study, we evaluated the mortality predictive
ability of the APACHE II scoring system after cardiac sur-
gery. Based on our study results, APACHE II may be an
acceptable scoring system for predicting hospital mortality.

Despite advances in cardiac surgery, mortality remains high;
several scoring systems have been developed and successfully
implemented to predict mortality (7, 8). Risk scores depend
on the population for which they were developed and the
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Table 4. Sensitivity and specificity values according to APACHE II scoring criteria and coordinates

Criterion | Sensitivity 95% CI Specificity 95% CI +LR 95% CI -LR 95% CI
=0 100.00 94.4-100.0 0.00 0.0-0.7 1.00 1.0

>0 93.75 84.8-98.3 0.75 0.2-1.9 0.94 0.9-1.0 8.38 2.1-32.7
>2 93.75 84.8-98.3 8.21 6.0-10.9 1.02 1.0-1.1 0.76 0.3-2.0
>3 93.75 84.8-98.3 20.15 16.8-23.8 1.17 1.1-1.3 0.31 0.1-0.8
>4 93.75 84.8-98.3 25.37 21.7-29.3 1.26 1.2-1.4 0.25 0.09-0.6
>5 87.50 76.8-94.4 50.00 45.7-54.3 1.75 1.5-2.0 0.25 0.1-0.5
>6 75.00 62.6-85.0 55.97 51.7-60.2 1.70 1.4-2.0 0.45 0.3-0.7
>7 62.50 49.5-74.3 71.64 67.6-75.4 2.20 1.7-2.8 0.52 0.4-0.7
>8 56.25 43.3-68.6 76.87 73.1-80.4 2.43 1.9-3.2 0.57 0.4-0.8
>9 56.25 43.3-68.6 83.58 80.2-86.6 3.43 2.6-4.6 0.52 0.4-0.7
>10 43.75 31.4-56.7 88.06 85.0-90.7 3.66 2.6-5.3 0.64 0.5-0.8
>11 37.50 25.7-50.5 91.79 89.1-94.0 4.57 3.0-7.0 0.68 0.6-0.8
>12 25.00 15.0-37.4 93.28 90.8-95.3 3.72 2.2-6.3 0.80 0.7-0.9
>13 25.00 15.0-37.4 97.01 95.2-98.3 8.38 4.4-15.9 0.77 0.7-0.9
>14 25.00 15.0-37.4 97.76 96.1-98.8 11.17 5.5-22.5 0.77 0.7-0.9
>15 18.75 10.1-30.5 98.51 97.1-99.4 12.56 5.3-29.6 0.82 0.7-0.9
>16 12.50 5.6-23.2 99.25 98.1-99.0 16.75 5.2-54.1 0.88 0.8-1.0
>17 6.25 1.7-15.2 100.00 99.3-100.0 0.94 0.9-1.0
>18 0.00 0.0-5.6 100.00 99.3-100.0 1.00 1.0
Table 5. Sensitivity and specificity values according to euroscore criteria and coordinates

Criterion | Sensitivity 95% CI Specificity 95% CI +LR 95% CI -LR 95% CI
=0 100.00 94.4-100.0 0.00 0.0-0.7 1.00 1.0-1.0

>0 100.00 94.4-100.0 10.45 8.0-13.4 1.12 1.1-1.1 0.00

>1 100.00 94.4-100.0 20.15 16.8-23.8 1.25 1.2-1.3 0.00

>2 100.00 94.4-100.0 36.57 32.5-40.8 1.58 1.5-1.7 0.00

>3 93.75 84.8-98.3 51.49 47.2-55.8 1.93 1.7-2.2 0.12 0.05-0.3
>4 75.00 62.6-85.0 64.18 60.0-68.2 2.09 1.7-2.5 0.39 0.3-0.6
>5 43.75 31.4-56.7 79.85 76.2-83.2 2.17 1.6-3.0 0.70 0.6-0.9
>6 37.50 25.7-50.5 89.55 86.6-92.0 3.59 2.4-5.4 0.70 0.6-0.8
>7 25.00 15.0-37.4 92.54 90.0-94.6 3.35 2.0-5.6 0.81 0.7-0.9
>8 6.25 1.7-15.2 96.27 94.3-97.7 1.67 0.6-4.7 0.97 0.9-1.0
>9 6.25 1.7-15.2 98.51 97.1-99.4 4.19 1.3-13.5 0.95 0.9-1.0
>10 6.25 1.7-15.2 99.25 98.1-99.8 8.37 2.1-32.7 0.94 0.9-1.0
>13 0.00 0.0-5.6 100.00 99.3-100.0 1.00 1.0-1.0

characteristics of their population. Risk scores in surgical
practice measure not only risk but also analyse and compare
results. The primary objectives of these systems are to predict
operative mortality and evaluate peri-operative cardiac care.
They are based on pre-operative general risk factors to pre-
dict intra- and peri-operative mortality.
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EuroSCORE has been used in the past decade to estimate
both in-hospital mortality and morbidity in a large number
of cardiac surgery centres worldwide (9-11). In a large study
including 6222 cardiac surgery patients and comparing 19
scoring systems, the discriminatory power for 30-day mor-
tality was highest for EuroSCORE (12). We found that Eu-
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roSCORE overestimates the risk of mortality. The observed
mortality was 8.33%, while the predicted mortality with Eu-
roSCORE was 12.3%. This rate may be influenced by the
type of procedure that the patients have undergone (only
64% of the patients underwent isolated coronary artery by-
pass grafting), patient sub-groups and different surgeons per-
forming the surgery.

Outcome estimation scoring systems are being increasing-
ly used in intensive care medicine, but most have not been
developed for use in patients who have undergone cardiac
surgery. Such post-operative models are not based on pre or
peri-operative variables but only take into consideration pa-
rameters after admission to the ICU. The most commonly
used post-operative scoring systems in cardiac ICUs in cen-
tral Europe are APACHE II, SAPS IT and the Sequential Or-
gan Failure Assessment (13). At Ordu State Hospital, we use
APACHE II.

The APACHE scoring system was designed in general ICUs;
this system has been the gold standard for years to assess dis-
ease severity and estimate hospital mortality. The first ver-
sion, which assessed disease severity on the basis of 34 physi-
ological parameters, was presented by Knaus et al. (14). The
next version, APACHE II, was published in 1985, and the
hospital death risk was calculated (5). Subsequent versions
were also developed.

The parts of APACHE II are as follows: a) 12 acute physio-
logical parameters (acute physiology score), b) patient age and
c) chronic diseases and surgical procedures. The score was
confirmed in specific patient populations, including surgical
(15) and trauma patients, as well as among patients with gen-
eral critical illnesses (16, 17). There is a benefit in predicting
mortality in critically ill trauma patients (18), transplant pa-
tients (19) and sepsis patients (20).

However, the subset of patients who underwent cardiac sur-
gery was excluded during the development of several general
scoring systems such as APACHE and the Simplified Acute
Physiology Score. Even so, most of these scoring systems are
used in cardiac surgery ICUs because of the lack of an appro-
priate risk index for this patient subset (21).

The oldest APACHE II system still predicts mortality well
(22). APACHE III and IV are newer versions but are not
widely accepted. All APACHE models are based on the most
abnormal values of the parameters measured during the first
24 h after admission to the ICU. We calculated all APACHE
scores on the first post-operative day.

Exarchopoulos et al. (23) found CASUS to be the most reli-
able and beneficial score in cardiac surgery patients. Doerr

Yalcin et al. Use of the APACHE II Score

et al. (21) reported that APACHE II did not perform well in
terms of calibration and discrimination statistics in a study
of 2801 patients. They evaluated the APACHE II score on
all ICU days. However, we used the score obtained only on
the first post-operative day. Argyriou et al. (24) reported that
the APACHE 1I score has good and comparable discrimi-
native ability to predict the outcome in cardiac ICUs. They
found the best predictive ability (AUC=0.926) for mortal-
ity. In our study, APACHE II was found to be acceptable
for predicting mortality after patients underwent open heart
surgery (AUC=0.743). We found the optimum cut-off value
for APACHE II to be >9. However, the median APACHE II
score was 6 in our study population. Apache II may be sepa-
rately computed for patients who die and those who remain
alive.

Some specific factors belonging to cardiac surgery mean that
some scoring systems cannot be effectively used. The relative-
ly long mechanical ventilation time (25) and post-operative
sedation limiting the use of Glasgow Coma Scale score as a
prognostic parameter (26) are examples of these.

The values of post-operative scoring systems can be affected
because of electrolyte and blood glucose imbalance, long me-
chanical ventilation time, post-operative sedation after cardi-
ac surgery and, mainly, cardiopulmonary bypass use (27, 28).

The use of intra-aortic balloon pumps and ventricular assist
devices and low cardiac output syndrome (LCOS) occurring
post-operatively (29) are important parameters affecting out-
comes in patients. Unfortunately, most scoring systems ignore
these parameters (21). All these factors have an effect on the
prognosis.

The present study was based on retrospective single-centre
data of patients in a small hospital in Turkey. The major lim-
itations of this study are the small sample size and single-cen-
tre design, which limit the extrapolation of the findings to
generalised conclusions to the Turkish cardiac surgery pop-
ulation. The variety of cases and quality of care may have
influenced the results. For further validating our findings,
multicentre-studies are needed.

Conclusion

We retrospectively collected data of adult patients admitted to
our ICU after undergoing cardiac surgery and evaluated the
mortality predictive ability of the APACHE II scoring system.

Scoring systems are an important part of current cardiac
surgical practices; they assess operative mortality and mor-
bidity. More verification tests are needed globally for differ-
ent patient populations due to changes in the cardiac case
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variety, surgical techniques and clinical outcomes. Based on
the findings of our study, EuroSCORE and the APACHE 11
risk model had moderately acceptable AUC values (0.743 for
APACHE II and was 0.767 for EuroSCORE) for predicting
mortality. However, larger studies are required to confirm
our results.
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