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A b s t r a c t

Introduction: The aim of this study was to evaluate intensive care unit (ICU) 
performance using risk-adjusted ICU mortality rates nationally, assessing 
patients who died or had been discharged from the ICU. For this purpose, 
this study analyzed the Acute Physiology and Chronic Health Evaluation 
(APACHE) II and Sequential Organ Failure Assessment (SOFA) databases, 
containing detailed clinical and physiological information and mortality of 
mixed critically ill patients in a medical ICU at secondary and tertiary refer-
ral ICUs in Turkey. 
Material and methods: A  total of 690 adult intensive care units in Turkey 
were included in the study. Among 690 ICUs evaluated, 39.7% were second-
ary and 60.3% were tertiary ICUs. A total of 4188 patients were enrolled in 
this study. Intensive care units of ministry, university, and private hospitals 
were evaluated all over Turkey. During the study period, clinical data that 
were collected concurrently for each patient contained demographic details 
and the diagnostic category leading to ICU admission. APACHE II and SOFA 
scores following ICU admission were calculated and recorded. Patients were 
followed up for outcome data until death or ICU discharge.
Results: The mean age of patients was 68.8 ±19 and 54% of them were 
male. The mean APACHE II score was 20 ±8.7. The ICUs’ mortality rate was 
46.3%, and mean predicted mortality was 37.2% for APACHE II. The stan-
dardized mortality ratio was 1.28 (95% confidence interval: 1.21–1.31). 
Conclusions: There was a wide difference in outcome for patients admitted 
to different ICUs and severity of illness using risk adjustment methods. The 
high mortality rate in patients could be related to comorbid diseases, high 
mechanical ventilation rates and older ages. 
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Introduction 

The outcome in critically ill patients concerned 
with prognosis has many background effects of 
risk factors such as age, gender, severity of illness, 
comorbidities, diagnosis, and response to thera-
py. An aging population and chronic diseases may 
also result in an increased number of deaths in 
intensive care unit (ICU) patients [1–3]. Clinical 
results have increased the need for outcome ex-
amination and guidance on effective use. For this 
reason, there is an increasing demand for critical 
care in the population at risk [4–7]. 

The scoring systems could be used to predict 
the expected mortality rate that is adjusted for 
differences in diagnosis, physiologic abnormali-
ties, and outcome of critically ill patients admitted 
to an ICU [6, 8–11]. For this reason, general severi-
ty of illness scoring systems are becoming popular 
and allow one to make international comparisons 
of intensive care outcome. Although there are 
difficulties in using risk adjustment methods to 
compare outcome for ICUs, several studies have 
reported a beneficial performance of Acute Physi-
ology and Chronic Health Evaluation II (APACHE II)  
[6, 10, 12–14] and Sequential Organ Failure As-
sessment (SOFA) [5–7, 10, 15–17] scores in pre-
dicting the actual or standardized mortality ratio 
(SMR) in individual ICUs. Although organ dysfunc-
tion scores were not developed for estimating 
mortality, a meaningful correlation can be shown 
between combined organ dysfunction scores and 
degree of organ failure and mortality [5, 15, 18]. 
Still, severity of illness and actual or SMR are be-
ing used by different institutions to assess the 
clinical performance and quality of care in an ICU 
[11, 19, 20]. The aim of this study was to evaluate 
risk-adjusted mortality among patients who died 
or were discharged from Turkish ICUs. Regarding 
this, the present study analyzed APACHE II and 
SOFA databases in critically ill patients at second-
ary and tertiary referral hospital ICUs in Turkey. 

Material and methods

This study consisted of adult patients who 
were admitted to the ICU to receive ICU-specific 
intervention or physiological monitoring without 
receiving an ICU-specific intervention and was 
conducted in a  total of 690 medical, surgical or 
mixed ICUs. The ICUs were evaluated by teams 
composed of 330 medical staff who had under-
gone intensive care training.

Patients were excluded if they were younger 
than 18 years old or burn patients, or had a length 
of ICU stay of less than 24 h, or had undergone 
coronary artery bypass grafting, as they have dif-
ferent risk-adjustment profiles than other criti-
cally ill patients. This study was approved by the 

Institutional Ethics Committee. After approval of 
the study, the clinical database of ICUs was linked 
to a data system formed by the Audit Department 
of the Ministry of Health. This system contained 
data for all public and private hospital admissions 
in Turkey. During the research period, data integ-
rity was maintained by having a single data cus-
todian, who checked all data entered and resolved 
data inconsistencies. 

Data collection took place from 1 June to 30 June 
2012. During the study period, clinical data that 
were collected concurrently for each patient con-
tained demographic details, diagnostic catego-
ry leading to ICU admission and location before 
ICU admission (emergency, hospital, or operating 
room; transfer from another ICU or hospital). Data 
were collected for each patient admitted to the 
ICU and the patients were followed for 28 days. 
Reasons for ICU admission were divided into  
10 diagnostic categories: respiratory, cardiovas-
cular, neurologic, gastrointestinal, renal-meta-
bolic, infection, hematologic-oncologic, trauma, 
intoxication, and postoperative. We categorized 
duration of ICU stay into below and above 48 h 
and then patients staying longer than 48 h were 
again divided into two groups: below and above 
15 days. APACHE II and SOFA scores during the first 
24 h following ICU admission were calculated and 
recorded. Patients were followed up for outcome 
data until death or ICU discharge. The prediction 
of risk of ICU death was performed with the origi-
nal equation and coefficients described by Knaus  
et al. [8, 9]. The 95% confidence intervals (CI) were 
calculated for the mortality ratio (observed mortal-
ity/predicted mortality). The observed mortality is 
regarded as a Poisson variable, and its 95% CI is di-
vided by the predicted mortality to derive the 95% 
confidence interval of the mortality ratio. In addi-
tion, we also determined whether or not a patient 
was receiving invasive mechanical ventilation, or 
had central venous catheterization. The predict-
ed hospital mortality rates were calculated using 
the logistic regression model. The equation coef-
ficients for APACHE II were supplied by APACHE 
Medical Systems. The mortality in intensive care 
units was analyzed in subgroups as APACHE II and 
SOFA scores. The mortality in subgroups was com-
pared to mortalities reported in the literature. 

Statistical analysis

Statistical analyses were performed using SPSS 
11.5. As descriptive statistics, mean ± standard 
deviation (SD) [median (min.–max.)] or frequen-
cy (percent) was given. To compare independent 
groups, for categorical variables the c2 test and for 
metric variables the Mann-Whitney U  test were 
used. P-value < 0.05 was considered as statisti-
cally significant.
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Results 

In this study, a  total of 690 ICUs of ministry, 
university and private hospitals all over Turkey 
were evaluated. Among 690 ICUs evaluated, 
39.7% were secondary and 60.3% were tertiary 
ICU. The ICUs represented 2422 beds and 3702 
beds of secondary and tertiary ICUs, respectively. 
The percentages of beds in public, university and 
private hospitals in Turkey were 47.2%, 21.8%, 
and 30.9%, respectively. One hundred and thirty- 
six (19.7%) ICUs were medical, 105 (15.2%) were 
surgical, and 449 (65.1%) were combined medi-
cal-surgical. 

From 690 ICUs, a  total of 4188 patients were 
enrolled. Approximately 54% (53.7%) of patients 
were male. The mean ± SD age of the patients was 
65.88 ±19.05 years, and 69% were > 60 years. The 
admissions of patients to the ICUs were 33.5% 
from emergency departments, 23.3% from clin-
ics in hospitals, 7.7% from operating rooms, 4.8% 
from home, 21.9% from another hospital, 2.8% 
from secondary ICUs, 2.1% from primary ICUs, 
2% from tertiary ICUs and 1.9% from the event 
scene. The most frequent reasons for ICU admis-
sion were neurologic disorders (35.9%) and re-
spiratory disorders (17.3%). When patients over  
60 years old were evaluated according to diagno-
sis, the percentage of respiratory disorders was 
19.9% and that of neurologic disorders was 37.5%. 

The mean APACHE II and SOFA scores were 20 
±8.8 and 6.1 ±3.8 respectively. The distribution of 
the APACHE II and SOFA scores for each diagnostic 

category is shown in Table I. The mechanical ven-
tilation was determined as the most frequently 
performed attempt, with a percentage of 65.7% in 
ICUs. Mortality according to diagnostic categories 
varied widely from 0% to 61.8% (Table I). The ratio 
of central venous catheterization was 56%. It was 
followed by antibiotic administration and inotropic 
agent administration for hemodynamic stabiliza-
tion with rates of 78.7% and 23.3%, respectively. 

The mean length of ICU stay was 21.1 ±44.7 
days. Whereas the mean length of ICU stay was 
21.8 ±35.7 days for non-survivors, it was 21 ±51.8 
days for survivors. When the duration of ICU stay 
was categorized as above or below 15 days, it was 
found that 31.6% of patients stayed longer than 
15 days. Among the patients who stayed longer 
than 15 days, 54.2% were male. In these patients, 
the rates of the need for mechanical ventilation, 
central venous catheterization and infection were 
70.5%, 72.7%, and 70.3 respectively. The mean ± 
SD APACHE II score was 22.3 ±8.3 for patients who 
stayed longer than 15 days and 19.2 ±8.8 for pa-
tients who stayed shorter than 15 days. The dis-
tribution of the APACHE II and SOFA scores for age 
groups and staying above or below 15 days in the 
ICU is given in Table II. Also, the ICU stay accord-
ing to admission of patients to ICUs was classified 
as within 48 h or after 48 h (Table II). In addition, 
it was followed by antibiotic administration and 
inotropic agent administration for hemodynamic 
stabilization with rates of 77.6% and 25.1%, re-
spectively. 3.6% of ICU patients were chronic hae-
modialysis patients, and it was found that 7.6% of 

Table I. Distribution of APACHE II and SOFA scores and mortality rate for each diagnostic category

System Score Diagnostic categories

I II III IV V VI VII VIII IX X

APACHE II (%) 0–10 9.2 6.3 12 23.6 6.3 7.8 13.4 22.3 48.6 79.3

11–20 44.8 39.4 40 42.4 37.1 44.8 44.4 48.3 27.8 10.3

21–30 33.8 40.4 37.6 26.1 43.3 34.6 30.5 23.1 19.4 10.3

31–40 10.3 11.5 8.6 6.4 11.2 10.8 9.6 5 4.2 –

> 40 2 2.3 1.8 1.5 2.2 2 2.1 1.2 – –

SOFA (%) 0–5 48.3 41.6 45.9 51.1 46.1 35.4 39.2 49.5 55 78.6

6–10 41.3 39 41.8 35.1 32.4 42.5 37.3 37.4 36.7 14.3

11–15 9.6 18.1 10.9 10.1 18.7 19.4 18.4 11.7 6.7 –

16–20 0.8 1 1.3 3.2 2.3 2 4.1 1.4 1.7 –

> 20 – 0.3 0.1 0.5 0.5 0.7 0.9 – – 7.1

(%) MVR 69.5 69.6 65.1 52.1 56.4 66.6 64 68.2 74 80.6

MR 46.7 50.9 47.4 41.2 55.8 49.7 61.8 26.6 11 25.1

Cells represent column percentages: I  – respiratory, II – cardiovascular, III – neurologic, IV – gastrointestinal, V – renal-metabolic,  
VI – infection, VII – hematologic-oncologic, VIII – trauma, IX – intoxication, X – postoperative, MVR – mechanical ventilation rate,  
MR – mortality rate.
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all patients were treated with renal replacement 
therapies (RRT) in the ICU.

The ICUs’ mortality rate was 46.3%, and mean 
predicted mortality was 37.2% for APACHE II. The 
SMR was 1.28 (95% CI: 1.21–1.31). In all of the de-
ceased, 63.8% were in tertiary ICUs, whereas 36.2% 
were in secondary ICUs. The APACHE II and SOFA 
scores in all of the deceased are given in Table II.  
The mortality rate of patients who stayed more 
than 15 days in the ICU was 52.4%. The mortality 
rates of patients admitted to the ICU in the first  
48 h and after 48 h were 46% and 49%, respectively. 
In order to predict mortality, the logistic regression 
model was constructed with the APACHE-II score 
as an independent variable. The APACHE-II scorer 
was statistically significant (OR = 1.059; 95% CI: 
1.050–1.068). 

In all of the deceased, the mean APACHE II and 
SOFA scores were 22.4 ±8.1 and 6.9 ±4 respec-
tively. The mean APACHE II score was higher for 
non-survivors. In all of the deceased, the mean 
APACHE II score was 22.8 ±8.1 for the patients 
who stayed longer than 15 days and 22.2 ±8 for 
patients who stayed shorter than 15 days.

Discussion

In the present study, the patients hospitalized 
in 690 ICUs of ministry, university, and private 
hospitals were analyzed all over Turkey. This study 
was a large assessment of ICUs in institutions in 
Turkey. The present study revealed that the over-
all mortality was 46.3% and SMR was 1.28. Our 

results showed that the higher observed mortal-
ity rate compared with predicted mortality rate 
corrected for severity of illness in patients was 
different in diagnostic categories of patients ad-
mitted to ICUs. The percentage of non-university 
type of hospital such as public was 47.2% and of 
university was 21.8%, whereas that of non-univer-
sity was 33.3% and university 57.4% in the ICON 
study [21].

More demographic data of the patients have 
been reported in the publications of APACHE II. 
In previous studies, the overall ICU mortality has 
been reported between 9% and 41% [1, 2, 14, 
21–25]. Although there may be a  limitation in 
the ability of APACHE II to identify differences be-
tween ICUs, these differences may be related to 
the structure and process of the delivery of care 
between ICUs. The major limitation of this scor-
ing system is that in many patients, despite the 
presence of comorbid conditions, selection of 
a  principal diagnosis category may be difficult. 
In addition, the physiological variables, resusci-
tation and treatment are dynamic factors and 
can be influenced by multiple parameters. The 
authors in many studies have reported the con-
siderable effect of small changes in the APACHE 
II score on predicted mortality, and this effect was 
marked for patients with a low predicted mortality 
at admission [12, 13, 26–29]. Markgraf et al. [14] 
showed that customization of APACHE II and III in 
a large patient population from a single unit led to 
an improvement in the overall. Despite a similar 
improvement of fit in several subgroups that were 

Table II. Distribution of the APACHE II and SOFA scores for age groups, short and long stay, and all of the deceased 
in the intensive care unit

APACHE Score APACHE (%) Mean ± SD APACHE 

0–10 11–20 21–30 31–40 > 40

Age groups ≤ 60 years 25.4 42.8 26.1 4.7 1 22.2 ±8.2

> 60 years 7.3 40.9 38.5 11 2.3 18.4 ±7.1

Short stay ≤ 48 h 95.2 90.5 85.8 87.1 88.6 19.8 ±8.8

> 48 h 4.8 9.5 14.2 12.9 11.4 22.4 ±7.9

Long stay ≤ 15 days 82.5 68.9 61.5 56.8 58.6 19.2 ±8.8

> 15 days 17.5 31.1 38.5 43.2 41.4 22.3 ±8.3

All of the deceased 19.3 44.7 55.7 63.4 57.1 22.4 ±8.1

SOFA Score SOFA (%) Mean ± SD SOFA 

0–5 6–10 11–15 16–20 > 20

Age groups ≤ 60 years 47.6 38.6 12 1.5 0.2 5.8 ±3.7

> 60 years 44.3 40.2 13.5 1.6 0.3 6.2 ±3.8

Short stay ≤ 48 h 89.5 86.9 90.6 98 98 6.1 ±3.8

> 48 h 10.5 13.1 9.4 0.2 0.2 6.1 ±3.1

Long stay ≤ 15 days 68.5 63.6 61.9 83.9 100 6 ±3.9

> 15 days 31.5 36.4 38.1 16.1 0 6.3 ±3.5

All of the deceased 39.6 50 69.8 67.3 44.4 6.9 ±4
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large enough to be tested, good uniformity of fit 
was not achieved. In addition, in that study the ob-
served mortality rate was considerably higher than 
the predicted mortality for APACHE II and APACHE III  
models. We found that deceased with an ICU ad-
mission had a higher degree of chronic illness such 
as hematologic-oncologic, renal and cardiovascular 
diseases. One study conducted in Turkey that en-
rolled 334 ICU patients reported a risk of death of 
46.7%. The high mortality rate was associated with 
the patient population and nosocomial infections 
[23]. In the Intensive Care Over Nations Study, the 
ICU mortality rate was between 22.4% and 35.3% 
in the whole population [21]. Whereas the mean 
APACHE II score was 17.9 ±9.4 in the ICON study, 
the mean APACHE II score was 20 ±8.8 in our re-
sults. The mean APACHE II score was 22.4 ±8.1 in 
non-surviving patients, whereas it was 18.3 ±8.9 
in surviving patients. In the reports from other 
countries, mortality rates of 24–41% and SMR of 
0.91–1.34 were reported from different ICUs [1]. 
Hantke et al. [18] evaluated SOFA and APACHE II 
scores of 874 surgical intensive care patients, and 
assessed mortality curves. They found AUC values 
for APACHE II and SOFA of 0.73 and 0.71, respec-
tively. The study demonstrated a clear correlation 
between an elevated SOFA score and the mortality 
of the patients during their ICU stay. Another study 
that assessed SOFA score over the first 5 days of 
admission instead of over the entire ICU stay found 
an AUC of 0.79, which was almost the same as the 
AUC for a single SOFA score at admission [15]. 

In critically ill patients, the effects of mortali-
ty related to length of stay remain controversial 
due to differences in case-mix and definition of 
a prolonged stay in the ICU, but the length of stay 
in the ICU can influence the observed mortality 
rate and increase the SMR. In our study, when the 
patients who stayed longer than 15 days in ICUs 
were analyzed, there was no difference between 
non-survivors and survivors for length of ICU stay. 
The patients who stayed longer than 15 days had 
a higher APACHE II score compared with patients 
with shorter ICU stay. It was reported that length 
of stay in the ICU did not have an independent re-
lationship with in-hospital and long-term mortal-
ity, compared with other risk factors such as age, 
comorbidities, diagnosis, and severity of acute ill-
ness. The results suggested that most significant 
short- and long-term effects of the physiological 
insult of a  critical illness occur within the first  
10 days of the onset of critical illness [30]. On 
the other hand, Higgins et al. [3] demonstrated 
that clinical characteristics such as age, comorbid 
diseases and APACHE II score did not affect the 
length of stay. Studies demonstrated that the ef-
fect of length of stay in the ICU on long-term mor-
tality was small when compared with other risk 
factors [30–35].

In the present study, the observed mortality 
was higher than the predicted mortality. It could 
be explained by the physiologic and demographic 
characteristics of the patients at admission, pa-
tient age, diagnosis, specific variations in quality of 
care, and hospital discharge practice. There were 
several limitations in our study. First, the ICU pop-
ulation may be different in prevalence of chron-
ic disease and in rates of diseases that require 
ICU care in groups underrepresented in our pop-
ulation. Second, as our purpose was to evaluate 
variations in actual ICU use, we did not evaluate 
the appropriateness of admission and discharge 
guidelines of ICU patients. Third, differences in the 
factors of technology availability, training activity, 
staff workload and resource limitations could be 
important. In Turkey, all of the ICUs are staffed by 
doctors. There may be considerable variation be-
tween and within ICUs in the experience, clinical 
management and training of the ICU staff. 

In conclusion, early identification of patients 
at risk, both before admission and after discharge 
from the ICU, may allow some of the physiologic 
abnormalities contributing to the APACHE II score 
to be prevented. When the high performance ICUs 
in which the scoring systems developed were 
considered, the scores were found higher in ICUs 
which did not have the same technical facilities. 
Finally, our findings may represent the practice of 
institutions in our country. To a large extent, our 
data demonstrating variation in the relative rates 
of ICU care would give an interpretation of the 
Turkish population.
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