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Background: This study aimed to assess the performance of the Acute Physiology and
Chronic Health Evaluation (APACHE) II, APACHE IV, Simplified Acute Physiologic Score
(SAPS) II, and Sequential Organ Failure Assessment (SOFA) scores in predicting mortality
rate in poisoning patients admitted to an intensive care unit (ICU).
Methods: This cross-sectional study was performed on all admitted patients in the poisoning
ICU of Imam Reza Hospital, Mashhad City, Iran. All patients were evaluated for three
consecutive days since admission time and then every two days until discharge from ICU
or death. The scoring systems mentioned above were calculated and analyzed by MedCalc
statistical software version 18.9.1 and SPSS version 16.
Results: Overall, 150 patients were studied, out of whom 67% (101) were male. Their
mean±SD age was 41.6±18.9 years. In their whole hospitalization period, APACHE II
(79.5%), SAPS II (78.7%), APACHE IV (78.4%), and SOFA (72.9%) were the most precise
measures. On the first day of admission APACHE II (77.4%), on the second day, APACHE II
(83.1%), on the third day, APACHE II (90.7%), and on the fifth day, SOFA (81.6%) were the
most precise measures.
Conclusion: All four systems have acceptable discriminatory power for poisoned patients.
However, it seems that APACHE II can be used for mortality prediction, especially in the early
days of admission.
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1. Introduction
oisoning is a significant global public
health problem that is associated with
a considerable number of preventable
mortalities and morbidities [1]. Every
year many people around the world are
poisoned for various causes, such as
accidental, intentional, or occupational
substance abuse and admitted to emergency units. Only
in the United States, more than 2.1 million people sought
help by telephone from poison centers in 2016 [2]. On
the other side of the world, the situation is not very different: poisoning in Iran also has a high prevalence; approximately 15%-20% of those referring to emergency
departments are poisoned patients [3]. Poisoning is also
the most common cause of hospitalization, and drug poisoning is the second leading cause of death in hospitalized patients in Iran [4].

P

The prediction of prognosis for the admitted poisoned
patient is essential for different reasons. On the one hand,
the choice of treatment method and the level of patient
care can be strongly influenced; on the other hand, there
is the anxiety of patients’ companions waiting for a response from the medical team concerning the probable
outcome of their patient. Eventually, with the existence
of an objective risk assessment system (i.e., a prognosis
prediction system or severity of disease scoring system),
the results of the treatment of poisoned patients in different centers can be compared and analyzed.
Today, various prognosis prediction systems are used
to determine the likelihood of death of patients admitted to Intensive Care Units (ICUs). These systems,
which work based on the severity of the disease, have
become increasingly common in medical care in recent
decades and can be used for resource allocation, clinical
decision-making, and assessment of the quality of care,
especially for hospitalized patients in the ICUs [5, 6].
Such systems are Acute Physiology and Chronic Health
Evaluation (APACHE) version II and IV, Simplified
Acute Physiologic Score (SAPS II), and Sequential Organ Failure Assessment (SOFA). Each of these four criteria measures specific items. SOFA examines 11 items
and is the simplest one in terms of the number of items.
The level of consciousness, the need for a ventilator,
oxygen saturation, and the oxygen requirement are common items among all of these four systems. On the other
hand, APACHE IV uses the most items.

performance of prognostic prediction systems among poisoned patients in the ICU. Thus, the purpose of this study
is to assess the performance of the APACHE II, APACHE
IV, SAPS II, and SOFA scores for their prediction of mortality in poisoned patients during their ICU admission.

2. Materials and Methods
This cross-sectional study was performed on all admitted patients to the poisoning ICU of Imam Reza Hospital,
Mashhad City, Iran in one Persian calendar year starting
from March 20, 2016. This 1500 bed tertiary hospital in
the northeast of Iran is the only academic center that has
the Toxicology Department.
All patients were evaluated for three consecutive days
since their admission time and then every two days until
discharge from ICU or death. Demographic (age, gender, history of severe organ failure or immunocompromised, chronic diseases, mechanism of poisoning, length
of stay [LOS] in ICU/ward), clinical (acute renal failure,
temperature, mean arterial pressure, pH, heart rate/pulse,
respiratory rate, systolic blood pressure, mechanical
ventilation or continuous positive airway pressure, administration of vasopressors) and paraclinical data (sodium, potassium, creatinine, bilirubin, albumin, blood
sugar level, hematocrit, white blood cell count, Glasgow
Coma Scale [GCS], FiO2, PaO2, PCO2, urine output,
blood urea nitrogen, bicarbonate, platelets), which were
required to calculate the risk scores, were obtained from
patients’ files and hospital information system. Mortality
was defined as death within the hospitalization period.
The obtained data were analyzed in MedCalc statistical software V. 18.9.1 (MedCalc Software bvba, Ostend,
Belgium; http://www.medcalc.org; 2018) and SPSS V.
16. Descriptive (Mean±SD, median, range, frequency,
percentage) and inferential statistics (Chi-squared test,
Student t-test) were used. The discriminating capacity of
scoring systems over in-hospital mortality prediction was
measured via the Receiver Operating Characteristic (ROC)
curves, and the De Long test was conducted to compare the
differences between the Area Under Curve (AUC) pairs.
Univariate logistic regression models assessed the probable association of each scoring system with in-hospital
mortality. The performance and goodness of fit were
evaluated by the Hosmer-Lemeshow test statistic, the
Nagelkerke pseudo-R2, the Cox and Snell R2, and the
overall correct classification index. All tests were twotailed, and P<0.05 was considered statistically significant.

As mentioned, each scoring system has its pros and cons.
To our knowledge, no studies have ever compared the
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3. Results
During the one year study, 150 patients were investigated, of whom 67% (101) were male. Their mean±SD
age was 41.6±18.9 years (median=37, range=14-98
years). The mean hospitalization period in ICU was
10.3±13.5 days (median=5, range=1-75 days). Totally,
17 patients (11%) died.
As Table 1 shows, the deceased patients were significantly older, stayed longer in hospital and ICU, and had
lower GCS. However, gender, mechanical ventilation,
and diagnosis were not different between survived and
deceased groups. Moreover, all four predicting tools had
a significantly higher score in deceased patients.

During the hospitalization period, APACHE II (79.5%),
SAPS II (78.7%), APACHE IV (78.4%), and SOFA
(72.9%) were the most precise measures (Figure 1). In
the first day of admission: APACHE II (77.4%) (compared to APACHE IV [73.9%, P=0.56], SAPS II [76.4%,
P=0.82], and SOFA [72.1%, P=0.13]); in the second
day: APACHE II (83.1%) (compared to APACHE IV
[74.9%, P=0.16], SAPS II [75.5%, P=0.16], and SOFA
[67.8%, P=0.01]); in the third day: APACHE II (90.7%)
(compared to APACHE IV [85.1%, P=0.20], SAPS II
[86.1%, P=0.11], and SOFA [72.2%, P<0.001]); and in
the fifth day: SOFA (81.6%) (compared to APACHE II
[76.3%, P=0.32], APACHE IV [74.9%, P=0.30], and
SAPS II [79.9%, P=0.75]) were the most precise measures for predicting the prognosis of patients (Figure 2).

Table 1. Comparison of some of the main demographic and clinical variables along with four prediction tools in survived and
deceased patients

Variables

Total
(n=150)

Survived
(n=133)

Deceased
(n=17)

P

Age (y)

41.62±18.98

39.26±17.55

59.82±20.21

0.001

LOS in ICU (d)

10.38±13.59

8.86±11.32

22.23±22.26

0.026

LOS in ward (d)

0.36±1.45

0.20±0.82

1.64±3.48

0.107

GCS

6.26±4.75

6.77±4.95

3.18±0.63

0.001

SOFA

5.38±2.99

5.08±2.91

7.70±2.71

0.001

SAPS II

30.24±16.80

28.12±15.83

46.82±15.24

0.001

APACHE II

14.45±7.73

13.48±7.28

22.00±7.11

0.001

APACHE IV

47.04±22.95

44.81±22.15

64.52±22.13

0.001

Male

101 (67.3)

89 (88.1)

12 (11.9)

Female

49 (32.7)

44 (89.8)

5 (10.2)

No

79 (52.7)

72 (91.1)

7 (8.9)

Yes

71 (47.3)

61 (85.9)

10 (14.1)

Phosphide

17 (11.3)

17 (100)

0 (0)

Organophosphate

9 (6.0)

9 (100)

0 (0)

Opioid

70 (46.7)

59 (84.3)

11 (15.7)

Drug

26 (17.3)

24 (92.3)

2 (7.7)

Inhalational

9 (6.0)

8 (88.9)

1 (11.1)

Others

19 (12.7)

16 (84.2)

3 (15.8)

Gender

Mechanical Ventilation

Diagnosis (poisoning)

0.761

0.314

NA

Data are presented as Mean±SD or No. (%)
LOS: Length of Stay; ICU: Intensive Care Unit; APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified
Acute Physiology Score; SOFA: Sequential Organ Failure Assessment
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Table 2. Accuracy of four prediction systems based on poisoning mechanisms in patients of poisoning ICU

Variables

Opioid

Drug

Inhalational

Others

SOFA

0.68 (0.63-0.73)*

0.68 (0.50-0.86)

0.71 (0.54-0.88)

0.82 (0.74-0.90)

SAPS II

0.76 (0.71-0.80)

0.67 (0.49-0.84)

0.92 (0.84-1.00)

0.79 (0.69-0.90)

APACHE II

0.75 (0.70-0.80)

0.85 (0.76-0.94)

0.87 (0.77-0.97)

0.78 (0.67-0.89)

APACHE IV

0.77 (0.72-0.82)

0.89 (0.83-0.96)

0.70 (0.56-0.84)

0.71 (0.58-0.83)

*Data are reported as the area under curve with 95% confidence interval.
APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified Acute Physiology Score; SOFA: Sequential
Organ Failure Assessment

which considers both survived and deceased ones ranged
from 88.8% to 90.2%. SOFA had the highest odds ratio for
the prediction of mortality, and it had the highest calibration regarding the Hosmer-Lemeshow index (Table 4).

Considering the mechanism of poisoning, the most precise measure was APACHE IV (77.2%) in opioid poisoning, APACHE IV (89.9%) in drug poisoning, SAPS
II (92.5%) in inhalational poisoning, and SOFA (82.2%)
in other poisonings (Table 2).

4. Discussion

As Table 3 shows, all four prediction systems are significantly correlated with each other. SAPS II has the
highest correlation with GCS (r=-0.758, P<0.001), and
APACHE IV has the lowest but still significant relationship with GCS (r=-0.400, P<0.001). Among these four
systems, only APACHE IV (r=0.134, P<0.001) and
SAPS II (r=0.073, P<0.05) have a significant correlation
with the LOS in ICU.

In this study, we compared the ability of four ICU illness severity scoring systems (namely SOFA, SAPS II,
APACHE II, and APACHE IV) to predict the prognosis
of poisoned patients admitted to ICU. Our novelty in this
study is that we evaluated the APACHE IV scoring system
in the prediction of the mortality in poisoned patients in
terms of various cofactors. Also, to the best of our knowledge, no study has compared the performance of such a
potential prognostic system (APACHE IV) with older risk
prediction systems (SOFA, SAPS II, and APACHE II) in
mortality prediction in poisoned patients admitted to ICU.

Overall, all four systems had similar discriminatory
power (i.e., the AUC) ranging in a narrow continuum from
0.72 to 0.77. Similarly, the overall correct classification,
Table 3. The correlation matrix for four prediction systems

Variables

SOFA

SAPS II

APACHE II

APACHE IV

GCS

LOS in ICU

SOFA

1

0.183**

0.175**

0.147**

-0.650**

-0.003

SAPS II

0.183**

1

0.867**

0.678**

-0.758**

0.073*

APACHE II

0.175**

0.867**

1

0.745**

-0.708**

0.050

APACHE IV

0.147**

0.678**

0.745**

1

-0.400**

0.134**

GCS

-0.65**

-0.758**

-0.708**

-0.400**

1

-0.092*

LOS in ICU

-0.003

0.073*

0.050

0.134**

-0.092*

1

** P<0.001, * P<0.05. Full direct correlation is shown by red color (r=+1) and full reverse correlation is shown by blue color (r=-1).
SOFA: Sequential Organ Failure Assessment; SAPS: Simplified Acute Physiology Score; APACHE: Acute Physiology and
Chronic Health Evaluation; GCS: Glasgow Coma Scale; LOS: Length of Stay; ICU: Intensive Care Unit.
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Table 4. Characteristics of various prediction systems for the first admission day in patients of poisoning ICU

Charactristics
Logistic regression

Overall correct
classification, %

Receiver
operating
characteristic
analysis

SOFA

SAPS II

APACHE II

APACHE IV

Odds ratio

1.32

1.06

1.15

1.02

95% CI

1.08-1.62

1.02-1.10

1.06-1.24

1.01-1.05

Cox & Snell R2

89.5

90.2

89.5

88.8

Nagelkerke R2

0.05

0.09

0.09

0.04

Hosmer-Lemeshow

0.11

0.18

0.19

0.09

χ

4.98

13.09

12.83

9.73

df

8

8

8

8

P

0.75

0.10

0.11

0.28

Area under curve

0.72

0.76

0.77

0.73

95% CI

0.64-0.79

0.68-0.83

0.69-0.84

0.65-0.80

Best cutoff

>5

>39

>17

>42

Sensitivity, %

80.0

86.6

80.0

86.6

Specificity, %

59.6

72.0

68.2

52.7

2

SOFA: Sequential Organ Failure Assessment; SAPS: Simplified Acute Physiology Score; APACHE: Acute Physiology and
Chronic Health Evaluation

According to our results, based on Area Under The
Receiver Operator Curve (AUROC) measures, the
APACHE II risk prediction system has the best discriminative power (0.77) between survived and deceased
patients with good sensitivity (80%) and an acceptable
specificity (68.2%). Also, our study demonstrated that
the SAPS II score (AUROC=0.76), APACHE IV score

(AUROC=0.73), and SOFA score (AUROC=0.72) systems had the best discriminative power compared with
each other, after APACHE II scoring system. A commonly accepted approach expresses that an AUROC
higher than 0.75 reflects strong and useful discrimination; 0.60 to 0.75, possibly helpful discrimination; and
less than 0.60, poor discrimination [7]. According to this

Figure 1. The receiver operating characteristic curves for the four scoring systems under study
SOFA: Sequential Organ Failure Assessment; APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified
Acute Physiology Score.
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Day 2

Day 1

Day 3

Day 5

Figure 2. Comparison of four prediction systems based on first to the fifth day of hospitalization in poisoning ICU
SOFA: Sequential Organ Failure Assessment; APACHE: Acute Physiology and Chronic Health Evaluation; SAPS: Simplified
Acute Physiology Score.

approach, all four risk prediction systems had good discriminative power in poisoned patients.
Our results are compatible with the findings obtained
by several previous reports [8-12]. The AUROC values
in paraquat-poisoned patients and cardiac surgery patients for the APACHE II score system were 0.85 and
0.82, for the SAPS II score system 0.83 and 0.80, and
for the SOFA score system 0.71 and 0.76 [10, 12]. These
findings confirm our results that APACHE II is better
than SAPS II, and SAPS II is better than SOFA for mortality prediction in ICU patients.
In these studies and some other previous reports [11,
13], the SOFA score system had the lowest discriminatory power between survived and deceased patients as
compared with the three other scoring systems. This result can be attributed to the design of the SOFA scoring

6

system. It was primarily developed to describe the variations of severity during the organ failure process in ICU
patients with sepsis [14]. Therefore, it is more suitable
for morbidity prediction, although it can also be used for
mortality prediction.
Among the poisoned patients, the most common indication for ICU admission is respiratory failure. This item
is evaluated for all four systems (ventilator need, oxygen
saturation, and oxygen therapy). Respiratory failure is
also one of the causes of long-term ICU stay in patients
with acute drug poisoning [15]. Besides, a considerable
number of patients will lose consciousness following
poisoning, which is another reason for ICU admission
and or longer LOS.
The mean arterial pressure, serum pH, and hematocrit
are three items that are examined in both APACHE sys-
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tems but are not included in SOFA or SAPS II. Hypotension and acidosis (metabolic or respiratory) are common side effects of poisoning, especially in the end-stage
phases. Hypotension is one of the predictors of mortality
in patients with acute drug poisoning who were admitted
to ICU [15]. The serum levels of albumin and glucose
are only examined in APACHE IV.

IV and SAPS II in the mortality prediction of organophosphate-poisoned patients [22]. In contrast to our study, they
showed that APACHE IV had better discriminatory power than SAPS II. It can be explained by the fact that Ibrahim’s research was performed in organophosphate-poisoned patients. In contrast, our study has been conducted
in all poisoned patients with various types of poisoning.

On the other hand, only the SOFA system considered
vasopressor administration. In SAPS II, systolic blood
pressure is measured instead of mean arterial pressure.
Age is not considered in SOFA, but it is present in the
other three systems. Although poisoning is prevalent in
younger individuals, older ones may need to be admitted to ICU for a longer period. Overall, the average age
of poisoned patients admitted to ICU is lower than nonpoisoned ones admitted to ICU [16, 17].

In addition to discrimination, calibration is another
indicator that was used to evaluate the performance of
risk prediction systems. All four scoring systems in this
study indicated acceptable effectiveness when tested on
calibration. However, the SOFA score indicated a little
better efficiency than three other systems because of its
higher (P>0.05) and lower Hosmer-Lemeshow value.

Serum sodium levels, heart rate, body temperature,
and age are items that are not included in the SOFA system but all other three prediction systems. It seems that
SAPS II is a weaker system compared to others in terms
of evaluating renal function. Liisanantti and colleagues
reported that renal failure is one of the factors relating
to more prolonged ICU stay in patients with acute drug
poisoning [15]. Our findings are congruent with previous
results. SAPS II had the highest discriminative power for
inhalational poisoning, which is more likely to lead to
respiratory failure than renal failure.
Ratanarat et al. [8] and Alizadeh et al. [9] had compared APACHE II and SAPS II risk prediction systems
in general- and poisoned-patients, respectively; and both
of them showed that APACHE II was a better predictor
of mortality based on AUROC measure. They had calculated the AUROC to be 0.78 for APACHE II, which are
similar to our findings. In contrast to these studies, several studies reported that the SAPS II score was superior
to the APACHE II score for mortality prediction [13, 18].
Regardless of either APACHE II or SAPS II is better,
many studies reported no statistically significant difference between APACHE II and SAPS II, and even a good
correlation between them [8, 12, 19-21]. This conclusion
was confirmed in our study, as the Pearson correlation
test showed an excellent positive relationship between
APACHE II and SAPS II (r=0.87).
Although, according to our findings, APACHE IV score
had a lower AUROC than APACHE II and SAPS II scoring systems, it had a higher AUROC than SOFA score.
Similarly, Sun and colleagues demonstrated that SAPS II,
APACHE IV, and SOFA had the best discriminatory power [11]. Also, Ibrahim and colleagues compared APACHE

Our study was not without limitations. First, because
the study was retrospective, all patient data could not
be obtained. Therefore, incomplete data were expected.
Second, we did not have monitored vital signs continuously, the existence of which could have provided more
detailed data. However, it has been recommended to
use the first available data for ICU admitted patients for
practical reasons. The strength of this study is that four
routine predictive systems were evaluated all together
for an acceptable hospitalization period. To the best of
our knowledge, this is the first report from the only poisoning ICU in the northeast of Iran.
We could conclude that the mortality of poisoned patients
could be predicted using any of the four risk prediction systems upon ICU admission. Although all of these scoring
systems can be used as a mortality predictor in poisoned
patients in the ICU, the APACHE II score had strong discrimination power. So, we suggest that the APACHE II
scoring system could be an acceptable tool in predicting
the mortality of poisoned patients admitted to ICU.
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