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Abstract

Background and Aims: In this study, we aimed to evaluate whether the age or the APACHE-II score
was a better predictor of mortality in each group. The secondary objective was to investigate the factors
affecting the mortality in each individual age group.

Methods: We designed this retrospective study between 2016-2017. Age groups were classified into
3 classes: Patients < 60 years were Group 1, patients between 60-70 years were Group 2, and patients > 70
years were Group 3. We recorded patients’ age, ICU indication, demographic data, APACHE-II, ASA,
length of hospital stays and mortality.

Results: We analysed 150 patients and reported mortality for 58 patients (38.7%). We did not detect
any association between age and mortality for all groups. ASA, length of ICU stays and predicted mortality
rate, were significantly higher for exitus patients (p < 0.001). The ROC curve for the APACHE-II score,
with a cut-off point of 23, demonstrated 74.14% sensitivity, 60.87% specificity, an area under the curve
(AUC) of 67.3%, with 4.5% standard deviation (SD). The ODDS ratio for APACHE-II scores was 4.459
(95% CI: 2.167-9.176). For the adjusted mortality rate, ROC analysis identified a cut-off of 60.8 with
70.69% sensitivity, 52.17% specificity, AUC of 61.2% and 4.6% SD. The ODDS ratio for the adjusted
mortality rate was 2.631 (95% CI: 1.309-5.287).

Conclusion: We could not demonstrate any correlation between age and mortality. We consider
APACHE-II as a valuable scoring system to predict mortality. We do not consider age as a predictor of

mortality. Therefore, we do not suggest its use as a sole prognostic marker in ICU patients.
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Introduction

Globally, the aging population grows especially in
the developing countries [1]. Parallel to the aging
population, the age and the comorbidities of the intensive
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care unit patients are increasing together [1]. The
population of the elderly aged over 80 years of age is
projected to be doubled in 2050 [2]. A recent study on
the continent of Australia demonstrated that the number
of patients aged 85 and over is increasing by 5.6%
annually [3]. There is heterogeneity in studies eva-
luating whether the mortalities in intensive care unit
(ICU) patients are directly associated with age [4, 5].
It is proposed that the degree of the heterogeneity in
the outcomes of these studies might lie in the metho-
dological diversities and might be due to the variations
in the study populations [4].

The Acute Physiology and Chronic Health Eva-
luation II (APACHE-II) scoring system has been
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developed to predict the survival of the patients
admitted to ICUs [6, 7]. The APACHE-II scoring
system has been used effectively in various patient
groups to monitor disease severity and prognosis [6].

Determination of the required parameters to predict
the prognosis in the ICU patients is imperative. The
primary objective of this study was to determine
whether the age or the APACHE-II score was a better
predictor of mortality in each group. The secondary
objective of the study was to investigate the other
factors affecting the mortality in each individual age
group. And, the final objective of the study was to
investigate the relation of the mortality estimation of
the APACHE-II system with the real mortality rates.

Materials and methods

Our study was conducted retrospectively in the
tertiary care ICU of our hospital. The Acybadem
University Ethical Committee approved our study. The
patients, who presented to our ICU between January
2016 and January 2017, were included in the study
after screening the patient files retrospectively. Age
groups were classified into 3 groups. By definition,
patients, who were 60 years or below were allocated
to Group 1; patients who were between ages of 60
and 70 were allocated to Group 2 and patients, who
were at the age of 70 or over were allocated to Group
3. Patients, who were at the age of 18 or over; patients,
who were admitted to our ICU for a duration of more
than 48 hours, and patients with ASA I-IV and BMI <
40 were included in the study. Patients who were
younger than 18 years of age, and patients who were
admitted to the ICU for the second time, and patients
who stayed at the ICU for less than 48 hours were
excluded. The age and sex of the patients, the under-
lying aetiologies in ICU admissions, comorbidities,
Acute Physiology and Chronic Health Evaluation
(APACHE) II scores, estimated mortality rates,
adjusted mortality rates, ASA (American Society of
Anesthesiologists) scores, duration of hospitalizations,
duration of mechanical ventilation if needed, duration
of ICU admissions, and the presence of mortalities at
the hospital or at the ICU were recorded as per the
records in the patient files. The adjusted mortality rate
(AMR) was evaluated by dividing the number of the
examined deaths by the number of the estimated
deaths.

Statistical analysis

For the statistical analyses, NCSS (Number
Cruncher Statistical System) 2007 (Kaysville, Utah,
USA) program was used. In order to evaluate the des-
criptive statistical methods; mean, standard deviation,
median, frequency, ratios, minimums, and maximum
values were used, and to evaluate the quantitative

values; Student t-test and Mann Whitney U tests were
used for the two-group comparisons of the data with
and without normal distribution respectively. Pearson’s
chi-square test was used to compare the qualitative
data among groups. To determine the cut-off points
for the parameters, diagnostic screening tests (sensiti-
vity, specificity, positive and negative predictive values)
and ROC Curve Analysis were used. The significance
was evaluated by p values smaller than < 0.05.

Results

A total of 211 patient files were examined for the
study. Following the implementation of the exclusion
criteria, 150 patient files, comprised of 47.3% (n="71)
female and 52.7% (n = 79) male patient files were
evaluated (Table 1). The ages of the patients ranged
from 19 to 95, with a mean of 64.97 &+ 16.37 years.
The demographic data of the patients were listed in
Table 1. There were no mortalities in 61.3% (n = 92)
of the cases compared to the rate of observed morta-
lities in 38.7% (n = 58) cases. The mean APACHE-II
scores were determined to be 23.43 + 8.29.

Table 1. General distributions of the descriptive data

Age (year) Min-Max 19-95 (67)
(Median)
Mean+SD  64.97 £16.37
<60 years 50(33.3)
60-70 years 37 (24.7)
>70years 63 (42.0)
Gender; n (%) Females 71 (47.3)
Males 79 (52.7)
ASA scores Mean+SD  2.82+0.83
I 8(5.3)
I 42 (28.0)
111 70 (46.7)
v 29 (19.3)
v 1(0.7)
The length of stay in the ICU (days) Mean+SD 12.59+12.70
The length of stay in the hospital (days) Mean+SD  17.95 +15.69
APACHE-II scores Mean +SD  23.43 £8.29
The estimated mortality rate (%) Mean+SD  47.78 +23.89
The adjusted mortality rate (%) Mean+SD  63.45+28.70
Overall mortality; n (%) Present 58 (38.7)
Absent 92 (61.3)

The major aetiology in ICU admissions of our
patients was tumors (n = 39, 26%), followed by
respiratory distress (n= 36, 24%). 22 (14.6%) patients
had cerebra-vascular events (CVE) and 25 (16.6%)
had cardiovascular diseases. Sepsis (n =3, 2.0%) and
trauma (n = 8, 5.3%) were the least actiologies that
our patients had.
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When the association between the age and mortality
was assessed, no statistical significances were
determined in neither the intergroup nor intragroup
comparisons (p > 0.05). The presence of mortalities
varied according to the length of the ICU admissions,
demonstrating a statistical significance (p = 0.009; p <
0.01). A statistically significant difference was observed
between the APACHE-II scores and the presence of
mortality (p = 0.001; p < 0.01). The duration of the
ICU admissions and the APACHE-II scores of the
deceased patients were demonstrated to be signifi-
cantly higher than those of the patients who survived.
The APACHE-II scores (p = 0.001), the estimated
mortality rates (p = 0.001), and the adjusted mortality
rates (p = 0.021) demonstrated statistically significant
differences (p < 0.05) according to the presence of
mortality; and the APACHE-II scores, the estimated
mortality rates, and the adjusted mortality rates were
found to be high in the deceased cases (Table 2).

Upon this significance, the cut-off points were
calculated for the APACHE-II scores, the estimated
mortality rates, and the adjusted mortality rates. In
calculating the cut-off points by mortality, ROC analysis
and diagnostic screening tests were made use of.

The cut-off point for the APACHE-II scores by
mortality was determined to be 23 and over. The
APACHE-II score with a cut-off point of 23 demon-
strated a sensitivity rate of 74.14%, a specificity rate
of 60.87%, a positive predictive value of 54.43, and a
negative predictive value of 78.87. The area under the
curve (AUC) and the standard deviation (SD) values
were 67.3% and 4.5% respectively in the resulting
ROC curve.

The cut-off point for the adjusted mortality rate by
mortality was determined to be 60.8 years and above.
The cut-off point of 60.8 for the adjusted mortality
rate resulted in 70.69% rate of sensitivity, 52.17% rate
of specificity, a positive predictive value of 48.24, and
a negative predictive value of 73.85. The AUC was
calculated as 61.2% and the SD was calculated as
4.6% in the resulting ROC curve (Figure 1).

The mortality and the APACHE-II scores were
found to be statistically significant by a cut-off value
of 23 (p=0.001, p<0.01). The risk of mortality in the
cases with an APACHE-II score of 23 and over was
demonstrated to increase by 4,459 folds. The ODDS
ratio for APACHE-II scores was 4.459 (95% CI:
2.167-9.176). A statistically significant relationship (p

Table 2. Overall mortality assessments according to the descriptive features

Overall mortality (+)

Overall mortality (-) p

(n =58) (n=92)

Age (year) Min-Max (Median) 21-88 (65) 19-95 (68) 20.987
Mean + SD 65.00 + 14.24 64.96 £ 17.66

Age (years); n (%) among groups < 60 years 18 (31.0) 32 (34.8) °0.577
60-70 years 17 (29.3) 20 (21.7)
> 70 years 23 (39.7) 40 (43.5)

Age (years); n (%) within-groups <60 years 18 (31.0) 32 (34.8) ©0.635
60-70 years 17 (29.3) 20 (21.7) 0.295
> 70 years 23(39.7) 40 (43.5) Y 0.644

Gender; n (%) Females 23 (32.4) 48 (67.6) %0.135
Males 35 (44.3) 44 (55.7)

ASA scores Min-Max (Median) 1-503) 14 (3) €0.001 **
Mean + SD 3.10+0.76 2.64 +0.82
I 1(12.5) 7(87.5)
1 10 (23.8) 32(76.2)
I 30 (42.9) 40 (57.1)
v 16 (55.2) 13 (44.8)
\% 1(100) 0(0)

The length of stay in the ICU (days) Min-Max (Median) 2-90 (12.5) 2-50 (7) €0.009%*
Mean + SD 15.50 + 15.87 10.76 +£9.88

The length of stay in the hospital (days) Min-Max (Median) 2-90 (14) 3-75(12.5) €0.407
Mean + SD 19.34 £ 17.80 17.08 £ 14.24

APACHE-II score Min-Max (Median) 5-43 (26.5) 6-48 (21) 20.001 **
Mean + SD 26.50 +7.97 21.50+7.93

The estimated mortality rate (%) Min-Max (Median) 5.8-94.1 (56.9) 6.7-97 (38.9) €0.001 **
Mean + SD 56.73 £22.70 42.14 £22.99

The adjusted mortality rate (%) Min-Max (Median) 11.6-100 (77.35) 6.7-100 (58.65) €0.021 *
Mean £ SD 71.07 +24.56 58.65+30.17

@ Student-t Test, ® Pearson-Chi Square Test, ¢ Mann Whitney U Test, * p < 0.05, ** p < 0.01
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Fig. 1. The cut-off chart for the APACHE-II scores, estimated mortality rate, and adjusted mortality rate
according to the presence of mortality

=0.001; p < 0.01) was determined between the mor-
tality and the cut-off value of 46 of the estimated
mortality rate, which meant that the cases with an
estimated mortality rate of 46 and over would bear a
risk of increased mortality by 4,459 folds. The ODDS
ratio for the estimated mortality rate was 4.459 (95%
CI: 2.167-9.176). A statistically significant relation
between the mortality and the adjusted mortality rate
with a value of 60.8 was found (p = 0.006; p < 0.01);
meaning that the cases with adjusted mortality rates
of 60.8 and over would have a risk of increased
mortality by 2.631 folds. The ODDS ratio for the
adjusted mortality rate was 2.631 (95% CI: 1.309-5.287)
(Table 3).

Discussion

In our study on the age groups and survival, we
could not determine a significant relationship between
the age and mortality. In order to be able to evaluate
the effect of age, we classified the patients into 3 groups
to analyze. However, no significant differences were
detected in the intergroup and intragroup analyses in
terms of survival. A study with 572 patients to evaluate
the relation between the age and mortality, by Fernandez
et al, could not detect a significant relationship between
the age and survival, similar to our study [8]. In another
study with a similar methodology to that of our study,
the patients were allocated into age groups and then
the analyses were performed [5]. This study could not

Table 3. The relationship of the mortality and APACHE-II scores, the estimated mortality rate, and the adjusted mortality rate

Mortality (-) (n = 92)

n (%)

Mortality (+) (n = 58)

n (%)

APACHE-II score <23 56 (60.9) 15 (25.9) 0.001**
>23 36 (39.1) 43 (74.1)

The estimated mortality rate (%) <46 56 (60.9) 15 (25.9) 0.001**
> 46 36 (39.1) 43 (74.1)

The adjusted mortality rate (%) <60.8 48 (52.2) 17 (29.3) 0.006**
>60.8 44 (47.3) 41 (70.7)

b Pearson-Chi Square Test, ** p < 0.01
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detect a relation of the age and mortality, neither, as
reported. The authors suggested that, for survival, the
levels of the APACHE-II scores and the number of
organ failures was significant rather than the age [5].
A retrospective study evaluating patients at the age of
85 and over, by Chelluri et al, reported that the age
was not an appropriate parameter to determine re-
source expenditures of ICUs [9]. In a cohort study,
covering 410 patients, the elderly patients were
evaluated for mortality in 3 different groups [10]. This
study did not detect a relationship between the age
and mortality in ICU patients. It was reported that the
age was not related to the survival during the treatment
period in ICU, but the APACHE-II scores were related
to the ICU mortalities [10]. On the other hand, the
authors stated that immobilization and age could affect
survival negatively after 3 months following discharge
[10]. In a prospective study, by Rockwood et al, in-
cluded 1040 patients and allocated them into 2 groups
as patients over 65 years of age in one group and
patients below 65 in the other and similar to the findings
of our study, no relationship between the age and
mortality was detected during the study follow-up
period of 1 year [11]. However, disease severity, respi-
ratory failure, and length of hospitalization were de-
tected to be related to mortality. We, too, have demon-
strated the relation of the duration of stay in the ICU
to the mortality by our study. Both studies reported
similar results [11]. However, in the literature, there
are other studies, which detected the relationship
between age and mortality, and proposed that survival
decreased as age increased [3, 4, 12]. Flaatten et al.
investigated the factors associated with 30-day mor-
tality for very elderly patients in a recent large sample
sizes observational study. [13] They reported that
scoring systems such as higher Clinical Frailty Scale
and SOFA increased 30-day mortality and acute
admission was their strongest impact for mortality. They
stated that age has little impact on 30-day mortality.
These results show similarities to our results. As a result
of our evaluation, we consider that the duration of stay
in ICUs, higher scores of ASA, and the APACHE-II
scores affect the mortality in ICU patients rather than
age.

Similar to the findings of our study, a recent study
by Uzman et al. reported increased durations of stay
in ICUs as the ASA scores increased [14]. ASA
classification is a commonly used and recognized classi-
fication to predict mortality and morbidity for patients,
who undergo surgery [14-16]. In alignment with the
literature, our study has also detected increased
mortality with increasing ASA scores. Similar to our
findings, a study, evaluating 546 patients with acute
cerebral haemorrhage, demonstrated that as
APACHE-II scores increased, mortality increased, too

[6]. In addition, the study reported increased mortality
with an increased duration of stay in ICUs, which was
a parallel finding to that of our study [6]. Another study,
evaluating this subject, reported an internal APACHE-
II score cut-off value of 20 [8]. Li et al. evaluated 660
patients with pneumonia, treated in an ICU [17]. They
detected a significant relation of the APACHE-II
scores, chronic cardiac failure, and dialysis with
mortality. They reported a cut-off value of 21 for the
APACHE-II scores [17]. The results of these studies
resemble the APACHE-II score cut-off value of 23,
found by our study. However, there are some studies
proposing that APACHE-II is insufficient in terms of
its efficacy [18]. Raj et al. conducted a study in trau-
matic brain damage, evaluating SAPS-II, APACHE-
II, and Glasgow Coma Scale (GCS) scores and pro-
posed that GCS scores were more effective in
predicting long-term survival [18]. These results
presented some differences compared to our study
results. Similarly, another study evaluating the
differences between SAPS and APACHE-II in terms
of efficacy proposed that APACHE-II was inferior to
predict survival compared to SAPS [19]. We consider
that the discrepancies in the results of those studies
are caused by the patient groups selected. A recent
univariate analysis, including 1185 patients, proposed
that hypoalbuminemia and APACHE-II were related
to mortality [20]. Wenner et al. evaluated the reliability
of APACHE-II and studied the estimated hospital
mortality. They proved the reliability of APACHE-II
in calculating the expected mortality rate [21]. These
results were similar to the findings of our study. In this
study, we detected that the estimated mortality rate
and the APACHE-II scores were at the same sensiti-
vity level in determining the rate of mortality, whereas
the adjusted mortality rate was detected to be inferior
compared to them.

The limitation of our study is the methodology we
applied. The data, being collected by a retrospective
study, and being dependent on the objectivity of the
researchers are the limitations of our study. Studies
with prospective designs may be more appropriate for
future work.

Conclusion

In conclusion, we could not detect a significant re-
lationship between age and mortality. We consider
APACHE-II as a valuable scoring system to predict
mortality. We do not consider age as a predictor of
mortality. Therefore, we do not suggest that it be used
as a prognostic marker alone in ICU patients.
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