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Acute Physiology and Chronic Health
Evaluation II score for the assessment of
mortality prediction in the intensive care unit:
a single-centre study from Iran
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ABSTRACT
Background: The Acute Physiology and Chronic Health Evaluation (APACHE) II is still commonly used as an index of illness severity in patients admitted to intensive care unit (ICU)
and has been validated for many research and clinical audit purposes.
Aims and objectives: To investigate the diagnostic value of the APACHE II score for predicting mortality rate of critically ill patients.
Design: This was a single-centre, retrospective study of 200 Iranian patients admitted in the medical–surgical adult ICU from June 2012 to May 2013.
Methods: Demographic data, pre-existing comorbidities and variables required for calculating the APACHE II score were recorded. Receiver operating characteristic (ROC) curves
were constructed, and the area under the ROC curves was calculated to assess the predictive value of the APACHE II score.
Results: Of the 200 patients with a mean age of 55⋅27± 21⋅59 years enrolled in the study, 112 (54%) were admitted in the medical ICU and 88 (46%) in the surgical ICU. Finally,
116 patients (58%) died, and 84 patients (42%) survived. The overall actual and predicted ICU mortality were 58% and 25⋅16%, respectively. The mean APACHE II score was 16⋅31
in total patients, 17⋅78 in medical ICU and 14⋅45 in surgical ICU patients (P = 0⋅003). Overall, the APACHE II score had the highest prognostic value for predicting the mortality rate
of critically ill patients with an area under the cure of 0⋅88, and with a cut-off value of 15, the APACHE II score predicted mortality of patients with a sensitivity of 85⋅3%, a specificity
of 77⋅4%, a positive predictive value of 83⋅9% and a negative predictive value of 73⋅9%.
Conclusion: This study shows that an APACHE II score of 15 provides the best diagnostic accuracy to predict mortality of critically ill patients. Our observed mortality rate was
greater than the predicted death rate, in comparison to the other prestigious centres in the world. Therefore, it appears that we must improve our intensive care to reduce mortality.
Relevance to clinical practice: There is a need to create a suitable scoring system to predict the mortality rate of critically ill patients in accordance with the advanced
technological equipment and experienced physicians and nurses in that ICU.
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INTRODUCTION
Predictive scoring systems are measures
of disease severity that are used to predict
outcomes, typically mortality, of patients
in the intensive care unit (ICU). There is no
specific agreed classification of the predic-
tive scoring systems that are used in patients
in multidisciplinary ICUs (Sekulic et al.,
2015). The commonly used ICU scoring
systems for the adult population are: Acute
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Physiology and Chronic Health Evaluation
(APACHE), Simplified Acute Physiology
Score (SAPS), Mortality Prediction Model
(MPM), Organ Dysfunction and Infec-
tion System, Sequential Organ Failure
Assessment (SOFA), Multiple Organs Dys-
function Score (MODS), Logistic Organ
Dysfunction model and Three-day Recal-
ibrating ICU Outcomes (Keegan et al.,
2011).

The APACHE score is probably the most
common and best-known validated pre-
dictive scoring system in the ICU. The
APACHE II is still commonly used as an
index of illness severity in critically ill
patients admitted to ICU and has been val-
idated for many research and clinical audit
purposes (Rowan et al., 1994). Accurate use
of the APACHE II scoring system requires
adherence to strict guidelines and regular
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training of medical staff using the system
(Polderman et al., 2001).

However, the APACHE II score is neither
very sensitive nor specific in terms of mor-
tality prediction. The major limitation of this
scoring system is that many patients have
several comorbid conditions, and selecting
only one principal diagnostic category may
be very difficult. In addition, the physio-
logical variables are all dynamic and can
be influenced by multiple factors. All these
factors can lead to a risk of overestimation of
predicted mortality (Vincent and Bruzzi de
Carvalho, 2010; Rapsang and Shyam, 2014).
Differences in the ratio of actual to pre-
dicted hospital mortality detected by using
the APACHE II system may not only reside
in operational factors within the ICU organi-
zation but may also be related to weaknesses
in the APACHE II model to measure factors
intrinsic to the disease process in some
patients. It was suggested that casemix be
examined in detail before concluding that
differences in the ratio of actual to predicted
hospital mortality are caused by differences
in the quality of care (Marsh et al., 1990).

Understanding the implications of scor-
ing systems in predicting mortality in criti-
cally ill patients admitted to the ICU, studies
around the world have indicated a need to
validate the APACHE II score for databases
of respective countries. So far, few compre-
hensive studies have been carried out to
assess the diagnostic value of APACHE II
score for predicting mortality. The aim of this
study is to determine the difference between
actual death and predicted death calculated
by the APACHE II score and to investigate
the diagnostic value of the APACHE II score
for predicting mortality.

MATERIALS AND METHODS
Design and population
This study was approved by the Ethics Com-
mittee of the Bushehr University of Medical
Sciences, Bushehr, Iran (Identification Code:
2552). This was a single-centre, retrospec-
tive study of Iranian patients admitted in the
medical–surgical adult ICU from June 2012
to May 2013.

Patients older than 16 years who were
hospitalized for more than 24 h in the
medical–surgical adult ICU in Persian Gulf
Martyrs Hospital, a tertiary care teaching
hospital in Bushehr, Iran, were included for
the study. Patients younger than 16 years
of age, ICU stay less than 24 h, patients
who had undergone coronary artery bypass

grafting (CABG) surgery, burn patients,
absence of all 19 physiological parameters,
mental health problems and patients who
were transferred from another ICU to our
ICU were excluded.

Sample size
The sample size for the survey was esti-
mated using the single population propor-
tion formula:

n= z2*p*(1− p)/e2

where the z value is considered 1⋅96 for a
confidence level (CI) of 95%, e – the margin
of error of estimation – was assumed to be 7
or 0⋅07. Because of the absence of data in our
country, the expected proportion of popula-
tion was assumed to be 50%. Accordingly, a
sample size of 189 was computed. To min-
imize errors arising from the likelihood of
non-compliance, a further 5 % of the sample
size was added, giving a final sample size of
about 200.

Data collection
A data collection sheet was prepared to sum-
marize the information obtained from each
patient record, including the demographic
features (age and gender), pre-existing
comorbidities, Glasgow Coma Scale
(GCS), physiological variables and lab-
oratory results. The GCS is comprised
of three subscales, i.e. verbal response (five
items), eye-opening response (four items)
and motor response (six items), ranging
between 3 and 15 (The American Associa-
tion of Neurological Surgeons, 2000).

APACHE II scores were calculated for
each patient based on retrospective eval-
uation of the medical records during the
first 24 h of ICU admission. APACHE II
included 12 physiological variables (temper-
ature, mean arterial pressure, heart rate, res-
piratory rate, A-a PO2 (FiO2 > 50%) or PaO2
(FiO2 < 50%), arterial pH or HCO3, serum
sodium, potassium and creatinine, haema-
tocrit, white blood cell count and GCS), a
chronic health evaluation and an age adjust-
ment score. Each variable is weighted from 0
to 4 score. The range of the APACHE II score
is from 0 to 71 points. Points of 25 or less
denote less than 50% mortality, while points
of 35 or more denote more than 80% mortal-
ity (Knaus et al., 1985).

Data analysis
The statistical analysis of the data was
performed using the SPSS software for Win-
dows, version 21 (SPSS Inc., Chicago, IL,

USA). A P-value of <0⋅05 was considered
statistically significant. The results were
expressed as means± standard deviations.
The comparison of the continuous variables
was accomplished with Student’s t-test,
and for the comparison of the categorical
variables, the Pearson 𝜒2 test and Fisher’s
exact test were used. The Mann-Whitney
U-test was used to compare differences
between two independent groups when the
dependent variable was either ordinal or
continuous but not normally distributed.
The Kolmogorov–Smirnov test was used
to assess the normal distribution of quan-
titative variables, and Levene’s test was
used to assess the equality of variances.
Receiver operating characteristic (ROC)
curves were constructed, and the area under
the ROC curves was calculated to assess the
predictive value of the APACHE II score of
in-hospital mortality. The optimal cut-off
value of the scores was determined using
Youden’s index. Sensitivity, specificity and
positive and negative predictive value were
also calculated.

RESULTS
Characteristic data
Of the 200 patients enrolled in the study,
116 (58%) were men, and 84 (42%) were
women; 112 (54%) were admitted in the
medical ICU and 88 (46%) in the surgical
ICU. Overall, 116 (58%) of the patients had
at least one comorbidity. Relevant comor-
bidities included hypertension (29⋅5%),
cerebrovascular accident (12⋅5%), dia-
betes mellitus (10⋅5%), cancer (9⋅5%),
ischaemic heart disease (9⋅5%), conges-
tive heart failure (8%), chronic renal failure
(6⋅5%), chronic obstructive pulmonary dis-
ease (5%), asthma (2%), hyperlipidaemia
(2%), Alzheimer’s (1⋅5%), cirrhosis (1⋅5%),
human immunodeficiency virus infec-
tion and acquired immune deficiency
syndrome (HIV/AIDS) (1%), sickle cell
anaemia (0⋅5%), peptic ulcer disease (0⋅5%)
and epilepsy (0⋅5%). Finally, we assessed
the long-term outcome of patients. Of
the 200 patients who were admitted, 116
patients (58%) died, and 84 patients (42%)
survived.

There was a significant difference in the
presence of comorbidity between patients
admitted to the medical ICU (74⋅1%) in
comparison with the surgical ICU (37⋅5%)
(X2 = 27⋅11, P= 0⋅0001). In addition, a sig-
nificant difference was observed in the
male-to-female ratio in patients admitted to
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Table 1 The average age, length of intensive care unit (ICU) stay, Acute Physiology and Chronic Health Evaluation (APACHE) II score, actual death and predicted death in patients
admitted to the medical and surgical ICU

Variable Medical ICU (mean± SD) Surgical ICU (mean± SD) t or z P-value

Average age (years) 58⋅88± 19⋅83 50⋅68± 22⋅95 −2⋅65 0⋅009∗

Length of ICU stay (days) 7⋅79± 6⋅80 6⋅98± 7⋅00 −2⋅05 0⋅04∗

APACHE II score 17⋅78± 7⋅95 14⋅45± 7⋅62 −2⋅98 0⋅003∗

Actual death (%) 65⋅17 48⋅86 8⋅88 0⋅0001
Predicted death (%) 30⋅81 17⋅98 5⋅26 0⋅0001

SD, standard deviation.
∗The Mann-Whitney test was used.

Figure 1 The area under receiver operating characteristic (ROC) curve for all patients (A), patients admitted to the medical intensive care unit (ICU) (B) and patients admitted to the
surgical ICU (C). AUC, area under the curve; CI, confidence interval.

the surgical ICU (male: 67%, female: 33%)
in comparison with the medical ICU (male:
50⋅9%, female: 49⋅1%) (X2 = 5⋅27, P= 0⋅03).

In this study, we calculated the average
age, length of ICU stay, APACHE II score,
actual death and predicted death. As the
variables were not normally distributed,
the Mann–Whitney test was used for data
analysis. As shown in Table 1, there was a
statistically significant difference between
patients admitted to the medical and surgi-
cal ICU in terms of average age, length of
ICU stay, APACHE score, actual death and
predicted death.

Average age and length of ICU stay
The average age of patients was
55⋅27± 21⋅59 years (ranging from 17–96).
There was significant difference in the
average age between patients admitted
to the medical ICU (58⋅88± 19⋅83 years)
and surgical ICU (50⋅68± 22⋅95 years)
(P-value= 0⋅009).

The mean length of ICU stay was
7⋅43± 6⋅56 d (ranging from 1–34). A sig-
nificant difference was observed in mean
ICU stay between patients admitted to the

medical ICU (7⋅79± 6⋅80 d) and surgical ICU
(6⋅98± 7⋅00 d) (P-value= 0⋅04).

APACHE II score, actual death
and predicted death
The mean APACHE II score was
16⋅31± 7⋅96 in total patients, 17⋅78± 7⋅95
in patients admitted to the medical ICU
and 14⋅45± 7⋅62 in patients admitted to the
surgical ICU, and the difference was statis-
tically significant between the two groups
(P-value= 0⋅003).

The overall actual hospital mortality
was 58%. Significant differences in actual
death were detected between patients
admitted to the medical ICU (65⋅17%) and
surgical ICU (48⋅86%) (P-value= 0⋅0001).
Furthermore, the overall predicted hospital
mortality was 25⋅16%. A significant differ-
ence was observed in the predicted death
between patients admitted to the medical
ICU (30⋅81%) and surgical ICU (17⋅98%)
(P-value= 0⋅0001).

The predictive value of mortality
of the APACHE II score
To determine the optimal discriminatory
threshold values of the APACHE II score,

ROC curves were constructed, and the
area under the ROC curves was calculated.
Overall, the area under ROC curve was
0⋅88 (95% CI: 0⋅83–0⋅93, P= 0⋅0001). The
area under ROC curve was 0⋅87 (95% CI:
0⋅80–0⋅95, P= 0⋅0001) for patients admit-
ted to the medical ICU and 0⋅86 (95% CI:
0⋅77–0⋅94, P= 0⋅0001) for patients admitted
to the surgical ICU (Figure 1).

An APACHE II score of 15 gave the
best diagnostic accuracy to predict the
mortality of patients with a sensitivity,
specificity and positive and negative pre-
dictive values of 85⋅3, 77⋅4, 83⋅9 and 73⋅9%,
respectively. There was significant differ-
ence in the actual mortality rate between
patients with an APACHE score of 15 and
higher (83⋅89± 36⋅91) and patients with an
APACHE score less than 15 (20⋅73± 40⋅78)
(P-value= 0⋅0001, Z=−8⋅88).

The difference between the actual
and predicted mortality
The difference between the actual and pre-
dicted death was higher in patients admitted
to the medical ICU (34⋅36± 40⋅36) in com-
parison with surgical ICU (30⋅88± 42⋅81),
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and there was no statistically significant dif-
ference (P-value= 0⋅734). In addition, the
difference between the actual and predicted
death of both APACHE II scores (<15 and
≥15) was lower in patients admitted to the
medical ICU in comparison with surgical
ICU. This difference was significant at an
APACHE II score <15 (P value= 0⋅018) but
not significant at an APACHE II score ≥15
(P value= 0⋅146).

Outcome of patients in different
levels of APACHE II score
In this study, there was a significant relation-
ship between different levels of APACHE II
score and outcome of patients, so approxi-
mately 80% of patients with an APACHE II
score less than 15 survived, while more than
80% of patients with an APACHE II score
≥15 died.

There was a significant difference
in outcome between patients admitted
to the medical ICU (survivors: 34⋅8%,
non-survivors:65⋅2%) in comparison
with the surgical ICU (survivors: 51⋅1%,
non-survivors:48⋅9%) (X2 = 5⋅38, P= 0⋅022).

The outcome of death in both levels’
APACHE II score (<15 and ≥15) was higher
in patients admitted to the medical ICU
in comparison with the surgical ICU,
but there was no statistically significant
difference.

DISCUSSION
In 2006, we carried out a study to deter-
mine the actual and predicted mortality
rate by using the APACHE II scoring sys-
tem in 100 critically ill patients in Fatemeh
Zahra Hospital of Bushehr, Iran (Bah-
touee et al., 2012). This old hospital was
demolished, and then, a newly constructed
hospital with new and more advanced
ventilators and monitoring systems was
opened, named the Persian Gulf Martyr
Hospital. More skilful staff and physi-
cians, with a subset of specialities such
as anaesthesiology, pulmonology, internal
medicine, infectious diseases and neurology,
were employed. In addition, an anaesthe-
siologist was defined as a 24-h resident
doctor. These changes caused us to antic-
ipate less mortality and more favourable
outcome, but this was not the case as is
shown here.

In the present study, APACHE II with a
score of 15 gave the best diagnostic accu-
racy to predict mortality of patients, with

sensitivity, specificity and positive and neg-
ative predictive values of 85⋅3, 77⋅4, 83⋅9 and
73⋅9%, respectively. However, in our previ-
ous study, APACHE II with a score of 11⋅5
gave the best diagnostic accuracy to pre-
dict mortality, with a sensitivity and speci-
ficity of 83⋅9 and 56%, respectively. This
shows that the Apache II score in the present
study is more accurate than our previous
study. The difference between the actual
and predicted death in the present study
was higher in comparison with our previ-
ous study, which is unacceptable to the other
prestigious centres in the world. This can
happen for four reasons. First, we may offer
poor-quality care to our ICU patients. Sec-
ond, the APACHE II scoring system may
need to be modified for use in our patients.
Third, the APACHE II score may not be
suitable for predicting mortality rate of our
patients, and we should use other predic-
tive systems. Fourth, the increased sophisti-
cation and managing by more doctor groups
may have led to this unfavourable outcome
via high and unnecessary procedures and
instrumentations and overlaps between the
managing groups originating from a manag-
ing discrepancy.

A prospective study by Meyer et al.
showed that, among the 578 surgical ICU
patients who were predicted by clinical
judgement and APACHE II score to die,
more than 40% actually survived. The
overall accuracy was 95⋅2% for clinical
assessment and 90⋅9% for APACHE II. This
study demonstrated that clinical assessment
is superior to APACHE II in predicting
outcomes in this group of surgical patients,
although the difference is small. In addition,
this study suggested that neither clini-
cal assessment nor the APACHE II score
is very reliable at predicting which sur-
gical ICU patients will die (Meyer et al.,
1992).

In a study by Hosseini et al. using a cut-off
score 13⋅5, The APACHE II score predicted
hospital mortality with a sensitivity of
96⋅6%, a specificity of 62⋅8% and accuracy
of 79⋅7%, with an area under the ROC curve
of 0⋅857 (Hosseini and Ramazani, 2015).
In another study by Fadaizadeh et al., a
total of 415 records of patients admitted
during a 1-year period were retrospec-
tively reviewed. For the APACHE score,
the best cut-off point chosen was 13⋅5,
with 90% sensitivity and 75% specificity
and a Youden value of 0⋅65 (Fadaizadeh
et al., 2012). In a similar study conducted
by Haq et al., with a cut-off score of 13,

the APACHE II score predicted hospital
mortality with a sensitivity of 69% and
specificity of 66%, with an area under the
ROC curve of 0⋅74 (Haq et al., 2014). As can
be seen, in our study, the diagnostic power
of the Apache II score is desirable compared
with foreign and domestic studies and, in
some cases, is even better. A prospective
study by Del Bufalo et al. showed that the
APACHE II score was a good predictor of
hospital outcome and was better than SAPS
II, with the ratio between the actual and
predicted hospital mortality being 86% for
APACHE II and 83% for SAPS II (Del Bufalo
et al., 1995).

In a prospective study, Kruse et al. eval-
uated patients consecutively admitted to
the medical ICU to compare the predictive
accuracy of APACHE II with clinical assess-
ments by critical care personnel. Mortality
predictions from 57 doctors and 33 critical
care nurses were obtained. Eventually, they
could not find a significant difference in the
accuracy of APACHE. They suggested that
both the clinical evaluation and APACHE
II highly predict the outcome (Kruse et al.,
1988). In addition, another study evalu-
ated the clinical ICU survival predictions
and their consequences for mechanically
ventilated patients ≥18 years of age with
an expected ICU stay ≥72 h. A total of 851
patients with an average age of 61⋅2 years
and mean APACHE II score of 21⋅7 were
enrolled. About 36% of patients died in the
ICU, and 40% were assessed by a physician
at least once to have a <10% ICU sur-
vival probability. Independent predictors
of ICU mortality were baseline APACHE
II score and daily factors, such as MODS,
use of inotropes or vasopressors, dialy-
sis, patient preference to limit life support
and physician – but not nurse – prediction
of <10% survival. The impact of physi-
cian estimates of <10% ICU survival was
greater for patients without versus those
with preferences to limit life support and
for patients with less versus more severe
organ dysfunction. They suggested that
physician estimates of ICU survival <10%
are associated with subsequent life support
limitation and more powerfully predict ICU
mortality than illness severity, evolving
or resolving organ dysfunction and use
of inotropes or vasopressors (Rocker et al.,
2004).

In the present study, there was a signif-
icant relationship between the APACHE
II score and rate of mortality (P= 0⋅0001),
so about 80% of patients with a score less
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than 15 survived, whereas only about 16%
of patients with a score ≥15 survived. There
was also a significant relationship in other
parts of the world. Naved et al. investigated
the relationship between the APACHE II
score system with mortality and length of
stay in ICU. In the scores ranging from
3 to 10, 90% of patients were discharged,
and only 10% of patients died, while in
the scores ranging from 31 to 40, 84⋅6%
of patients died. This demonstrated that
there might be more chances of death in
case of high APACHE II score. An insignif-
icant but inverse correlation was observed
between APACHE II score and length of
ICU stay (Naved et al., 2011). The present
study showed that there was significant
difference in the mean APACHE II score
and actual mortality rate between patients
admitted to the medical ICU in compari-
son with the surgical ICU. This difference
represents the fact that the prognosis of
patients admitted to the medical ICU is
worse than patients admitted to the surgi-
cal ICU and that this would be because of
higher average age and underlying chronic
disease in patients admitted to the medical
ICU. Other studies have shown remarkably
similar results (Kim et al., 2013). In a large
multicentre study, Beck et al. (2003) vali-
dated the SAPS II and APACHE II and III
prognostic models in 16 646 adult intensive
care patients in the South West Thames
Region in South England. The external vali-
dation showed a similar pattern for all three
models tested: good discrimination but

imperfect calibration. On the other hand,
in a prospective cohort study in 22 general
ICUs in Scotland, which was conducted
on a total of 10 393 patients, Livingston
et al. (2000) showed that SAPS II has the
best overall performance, but the superior
calibration of APACHE II makes it the
most appropriate model for comparisons of
mortality rates in different ICUs.

In contrast to these results, some
researchers believe that APACHE II has
little ability to predict patient dependency
and, therefore, is unreliable at predicting
nursing workload and skill mix (Viney et al.,
1997). It has been suggested that informa-
tion and training concerning the proper
use and purpose of APACHE II should be
provided, particularly for nurses of the ICU.
A study evaluated whether ICU nurses
possess adequate knowledge to implement
the APACHE II scoring system (Chen et al.,
2004). The participants consisted of 102 ICU
nurses in a large teaching hospital in Taiwan,
where the APACHE II scoring system was
used routinely by nurses. However, only
44⋅1% of the nurses knew that APACHE II
total scores range from 0 to 71, and only
37⋅3% understood that the value for bicar-
bonate in venous samples could replace the
arterial pH value. The results of the attitude
questionnaire demonstrated that nurses
believed APACHE II was useful mainly for
statistical purposes by the administration
rather than for patient care but acknowl-
edged that the scores could provide a
reference for more aggressive treatment.

Limitations of the study
The present study has several limitations.
First, this study was a single-centre study
with a limited sample size, and these results
may not be generalizable to other ICUs.
Sample size is a relevant limiting factor
on the measured calibration when using
the Hosmer-Lemeshow goodness-of-fit test.
Second, as a single-centre study, there may
be bias because of casemix, quality of ICU
care, ICU policy and admission criteria.
Third, this study did not directly compare
the admission APACHE II score with other
scoring systems that assess the risk of hospi-
tal mortality at ICU admission, such as the
SAPS, SOFA and MPM models.

CONCLUSIONS
The APACHE II score is a reliable method
for predicting mortality in our ICU. Our
observed mortality rate was greater than
the predicted death rate in comparison
with the other prestigious centres in the
world. Therefore, it appears that we must
improve our ICU to reduce mortality.
Despite the significant progress that has
been made in recent decades in terms of
technology and equipment, therapeutics
and the process of care and identification
in the ICU setting, these scientific efforts
have not directly led to a further reduction
in mortality for patients hospitalized in
the ICU.

WHAT IS KNOWN ABOUT THIS TOPIC

• Scoring systems are widely used in critical care medicine.
• There are no generally agreed scoring systems for assessing the severity of the disease and the likelihood of mortality in critically ill patients.
• APACHE II is a reliable method for predicting mortality in patients admitted to ICU and has been validated for many research and clinical audit purposes.

WHAT THIS PAPER ADDS

• This single-centre study in Iran aims to investigate the diagnostic value of APACHE II score for predicting mortality rate of critically ill patients.
• Given that only a limited number of centres are equipped with advanced technological equipment, experienced physicians and nurses and patient care quality improvement

programmes, we suggest that a study be conducted in each ICU to determine the modified APACHE II score in accordance with the facilities in that ICU.
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