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ABSTRACT
Background: Little is known about outcomes of patients admitted to the ICU with severe sepsis and septic shock,
despite the seriousness of sepsis as a public health problem in developing countries. Understanding sepsis outcome
studies is hampered by lack of an agreed severity of illness scoring system for sepsis patients. The objective of the
present study is to assess and compare the validity of 3 mortality prediction models SAPS 2, APACHE II and SOFA
for prediction of mortality in patients of sepsis.
Methods: One hundred patients of Sepsis were selected after applying the inclusion and exclusion criteria. Informed
consent was taken from the patients or their relatives A careful and detailed history was recorded to assess the onset
and duration of clinical events and the probable risk factors for the same; a detailed general physical examination was
performed. Blood sampling for CBC, RFT, LFT and arterial blood gas analysis was done. SAPS 2, APACHE II and
SOFA scores were calculated on the day of admission.
Results: The ROC analysis shows that the best discrimination was provided by SAPS 2 score (AUROC=0.981),
followed by APACHE II (AUROC=0.978) and SOFA (AUROC=0.911).
Conclusions: SAPS 2 score was superior to the APACHE II and SOFA scores for predicting survival in patients with
septic shock but a combination of factors must be taken in consideration to estimate the prognosis in the ICU.
Keywords: APACHE II, SAPS 2, Sepsis, SOFA

INTRODUCTION
Severe sepsis and septic shock are major reasons for
intensive care unit (ICU) admission and leading causes of
mortality in non-coronary ICUs.1-3 Apart from in the
West, little is known about outcomes of patients admitted
to the ICU with severe sepsis and septic shock, despite
the seriousness of sepsis as a public health problem in
developing countries. Understanding sepsis outcome
studies is hampered by lack of an agreed severity of
illness scoring system for sepsis patients. In the absence
of such a system, it would be difficult to interpret sepsis
outcome studies.4 Mortality prediction systems have been

introduced as tools for assessing the performance of
ICUs.5-8 Some of these systems have been customized for
patients with specific conditions such as sepsis, and liver
transplantation and long-stay ICU patients.9,10 If these
systems are proved to predict accurately mortality in
severe sepsis and septic shock, then they will have the
advantage of being readily available and easily
incorporated into general ICU databases without
additional data collection.
Scoring systems for use in intensive care unit (ICU)
patients have been introduced and developed over the last
30 years. They allow an assessment of the severity of
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disease and provide an estimate of in-hospital mortality.
This estimate is achieved by collating routinely measured
data specific to a patient. A weighting is applied to each
variable, and the sum of the weighted individual scores
produces the severity score. Various factors have been
shown to increase the risk of in-hospital mortality after
admission to ICU, including increasing age and severity
of acute illness, certain pre-existing medical conditions
(e.g. malignancy, immunosuppression, and requirement
for renal replacement therapy), and emergency admission
to ICU.
Most critical care severity scores are calculated from the
data obtained on the first day of ICU admission [e.g. the
APACHE, the SAPS, and the mortality prediction model
(MPM)]. Other scoring systems are repetitive and collect
data sequentially throughout the duration of ICU stay or
over the first few days. Examples of repetitive systems
are the SOFA and multiple organ dysfunction score
(MODS).
The objective of the present study is to assess and
compare the validity of 3 mortality prediction systems for
the severe sepsis and septic shock patient population
METHODS
One hundred patients of Sepsis were selected after
applying the inclusion and exclusion criteria. Informed
consent was taken from the patients or their relatives after
explaining the nature of study and the risks involved in
participation of the study. The clinical and demographic
profile at the time of admission to medicine ward
including the age, sex, associated chronic illnesses like
hypertension and diabetes, and hyperlipidemia were
recorded for all the study subjects.
A careful and detailed history was recorded to assess the
onset and duration of clinical events and the probable risk
factors for the same. A detailed general physical
examination was performed. Blood sampling for
complete blood count, renal function test, liver function
test and Arterial Blood Gas Analysis was done. SAPS 2,
APACHE II and SOFA scores were calculated on the day
of admission.
The results obtained were subjected to standard statistical
methods for analysis and relevant conclusions were
drawn from them. The correlation between the mortality
models on admission and outcome was assessed by
AUROC curves. An independent t-test was used to
evaluate the differences between SAPS 2, APACHE II
and SOFA scores between the survivors and non
survivors.
Further univariate analysis was done to assess the effect
of different physiological parameters on prediction of
mortality. A p-value of less than 0.05 was considered to
be statistically significant throughout the study.

Inclusion criteria
As per International Guidelines for Management of
Severe Sepsis and Septic Shock: 2012 (Society of Critical
Care Medicine).
Patients diagnosed with sepsis: 2 out of the following
criteria
•
•
•
•
•
•

Temperature higher than 38°C (100.4°F) or lower
than 36°C (96.8°F).
Heart rate (HR) higher than 90 beats/min.
Respiratory rate (RR) higher than 20 breaths/min or
arterial carbon dioxide tension (PaCO2) lower than
32 mmHg.
White blood cell (WBC) count higher than 12,000/µl
or lower than 4000/µl or with 10% immature (band)
forms.
Significant edema or positive fluid balance
>20ml/Kg over 24 hours.
Hyperglycemia (plasma glucose >140mg/dl in
absence of diabetes.

And at least one of the following
•
•

•
•

Alteration in mental state.
Hypoxemia (arterial oxygen tension [PaO2]
<72mmHg at a fraction of inspired oxygen [FIO2] of
0.21, with overt pulmonary disease not being the
direct cause of hypoxemia).
Oliguria (urine output <30ml or 0.5 ml/kg for at least
2 hours despite adequate fluid resuscitation.
Coagulation abnormality INR >1.5.

Exclusion criteria
•
•
•

Burns
Coronary artery disease
Stroke

RESULTS
This study was a prospective observational study done
with the aim to predict mortality in patients of sepsis
using SAPS2, APACHE II and SOFA models and also
compare these 3 mortality prediction models for
prediction of mortality in patients of sepsis. The study
comprised of 100 patients admitted to the Medicine
Department who were enrolled in the study after taking
informed consent from patient and family over a period
of 2014-2016.
Table 1 shows the distribution of aetiologies of sepsis in
the study population.
Table 2 compares the physiological parameters and
mortality. It was found that the age was higher in the
mortality group as compared to the discharge group.
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Table 1: spectrum of aetiology of sepsis in
the study population.
Aetiology of sepsis
Acute gastroenteritis
Enteric fever
Complicated malaria
Pneumonia
Liver abscess
Lung abscess
Meningitis
Pancreatitis
Puerperal Sepsis
Urinary tract infection
Septic encephalopathy
Septic shock with MODS
Tuberculosis
Other

Percentage of patients
5
4
6
16
9
5
6
2
5
12
3
3
7
17

Table 2: Physiological variables and mortality.
Variable
Age
Heart rate
Temperature
Respiratory
rate
Systolic BP
DBP
PaO2
PaCO2
Ph
TLC
Platelet
count
Haematocrit
Urine output
BUN
Serum
creatinine
Serum
sodium
Serum
potassium
Bicarbonate
GCS
Bilirubin

Discharged
(n=66)
48.6±17.6
106±14
101.2±1.3

Mortality
(n=34)
52.5±18.9
125±18
101.8±1.6

24±6

30±9

0.001

114.2±15.6
75.7±10.6
79.7±33
24.6±8.8
7.34±0.091
18.7x103±
5x103
232x103±
117x103
28.6±3.17
1088±428
24.5±20.2

90.7±23.1
55.6±16.5
78.1±8.8
28.6±14.8
7.22±0.15
22.4x103±
10x103
150x103±
85x103
31.6±7
564±336
51.3±29.4

<0.001
<0.001
0.782
0.093
<0.001

s

2.7±1.7

<0.001

134.8±5.8

133±10

0.257

4±0.8

4.9±1.3

<0.001

21.8±5
14
1.62±2.5

17.9±9.5
6
2.15±2.4

0.008
<0.001
0.311

p-value
0.309
<0.001
0.046

0.015
0.009
0.004
<0.001
<0.001

The mean heart rate in the discharge group was 106±14,
whereas in the mortality group it was higher, 125±18.
This difference was found to be statistically significant
(p-value≤0.001).

The respiratory rate in the discharge group was lower as
compared to the mortality group. It was found that this
difference is statistically significant (p-value <0.001).
The mean blood pressure in the discharge group was
114.2±15.6/75.7±10.6, whereas the mean blood pressure
in the mortality group was 90.7±23.1/55.6±16.5. This
difference was statistically significant for both systolic
and diastolic blood pressure (p-value <0.001).
The PaO2 and PaCO2 in the discharge group were
79.7±33 and 24.6±8.8, whereas the readings were
78.1±8.8 and 28.6±14.4. The difference for both PaO 2
and PaCO2 were statistically insignificant.
The pH in the discharge group was higher as compared to
the pH in the mortality group. It was 7.34±0.091 in the
discharge group and 7.22±0.15. This difference was
found to be statistically significant (p-value <0.001).
The total leucocyte count was lower in the discharge
group. However, this showed no correlation between
discharge and mortality. The p-value was statistically not
significant. Platelet count was higher in the discharge
group as compared to the mortality group. This difference
however was statistically significant (p-value=0.009).
The haematocrit was lower in the discharge group as
compared to the mortality group. This was found to be
statistically significant (p-value=0.004).
The difference in total urine output, blood urea nitrogen
and serum creatinine between the two groups was also
found to be statistically significant (p=value<0.001).
Mean serum sodium levels was 134.8±5.8 in the
discharge group, whereas in the mortality group mean
sodium level was 133±10. Serum sodium levels were
found not to affect the mortality. The difference was
found to be statistically not significant. Mean Serum
Potassium level was 4±0.8 in the discharge group and
4.9±1.3 in the mortality group. This difference was found
to be highly significant (p-value<0.001).
The mean bicarbonate levels in the discharge and
mortality groups were 21.8±5 and 17.9±9.5. This was
found to be statistically significant (p-value=0.008).
The difference in the mean Glasgow Coma Scale between
the discharge and mortality group was also found to be
statistically significant (p-value<0.001).
Table 3: SAPS 2, APACHE II, SOFA score
and mortality.

Mean SAPS2 score
Mean APACHE II
Mean SOFA score

Discharged
patients
21.87±13.26
12.25±7.09
2.86±2.8

Mortality

p-value

68.70±19.58 <0.001
34.70±9.26 <0.001
11.85±4.2
<0.001
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Table 4: Estimated Mortality by SAPS2,
APACHE II and SOFA.
Estimated
mortality
30
38
25

Scoring model
SAPS 2
APACHE II
SOFA

Actual
mortality
34

The predicted mortality of SAPS 2, APACHE II and
SOFA was found to be 30, 38 and 25 respectively. It was
found that SAPS2 and SOFA predicted a slightly lower
mortality rate than the actual mortality, whereas
APACHE II predicted a higher mortality than the actual
mortality.
Table 5: Accuracy of the models for
prediction of mortality.
Parameters
positive predictive
value
negative predictive
value
sensitivity
specificity

SAPS 2 APACHE II SOFA
100%

89%

100%

94%

100%

88%

88.23%
100%

100%
93.93%

73.52%
100%

It was found that SAPS 2 and SOFA had a 100% positive
predictive value whereas APACHE II had a PPV of 88%.
The NPV was highest in APACHE II score (100%),
followed by SAPS 2 (94%) and SOFA (88%). It was also
found that SAPS 2 and SOFA had 100% specificity
whereas APACHE II had a specificity of 93.9%.
However, it was observed that APACHE II had 100%
sensitivity as a model for mortality prediction.
Table 6: Comparison between receiver operating
curves of SAPS 2, APACHE II and SOFA.
Mortality
model
SAPS 2
APACHE II
SOFA

AUC
0.981
0.978
0.911

Standard
error
0.00993
0.0111
0.0338

95% CI
0.932 to 0.998
0.926 to 0.997
0.837 to 0.959

100

Sensitivity

80

60

40

SAPS 2
APACHE II
SOFA

20

0
0

20

40
60
100-Specificity

80

100

Table 7: Pairwise comparison of ROC curves.
SAPS 2 versus APACHE II
Difference between areas
Standard error a
95% confidence interval
z statistic
Significance level
SAPS 2 versus SOFA
Difference between areas
Standard Error a
95% confidence interval
z statistic
Significance level
APACHE II versus SOFA
Difference between areas
Standard error a
95% confidence interval
z statistic
Significance level

0.00357
0.0101
-0.0162 to 0.0233
0.354
P=0.7236
0.0702
0.0314
0.00870 to 0.132
2.237
P=0.0253
0.0666
0.0340
-0.0000661 to 0.133
1.958
P=0.0502

The ROC analysis shows that the best discrimination was
provided by SAPS 2 score (AUROC=0.981), followed by
APACHE
II
(AUROC=0.978)
and
SOFA
(AUROC=0.911).
However, the difference between SAPS 2 and APACHE
II score was statistically not significant p-value=0.723.
However, the discriminatory powers of SAPS 2 and
SOFA scoring showed a statistically significant
difference (p-value=0.0253).
DISCUSSION
The three commonly used severity scoring systems,
compared in this study, have been developed using large
cohorts of critically ill patients admitted to American and
European ICUs. Indian hospitals were not included in any
of these cohorts. Validation is essential before routine
application of any predictive model in a group of patients
different from the one originally used for model
development. In India, performances of these severity
models have been tested only on individual basis in a few
studies.11-15
In the present study, mortality was 34%, which is
comparable to that reported in previous studies from
India (40.3%) and Indonesia (39.8%).16 It is higher
compared with those reported in Germany (9%),
Australia (16%), and Saudi Arabia (31.6%).17-19 The high
mortality can be attributed to shortage of ICU beds in our
centre (ICU bed: hospital bed ratio is 0.006). It has been
documented that physicians tend to be more selective in
their ICU admissions during times of bed shortages, with
patients having higher severity of illness being
admitted.20 Critically ill patients usually deteriorate when
managed outside ICU while waiting for availability of
ICU beds. Poor nutritional status at ICU admission may

Figure 1: ROC of SAPS 2, APACHE II and SOFA.
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also be one of the important causes contributing to high
mortality rate in India. Poor nutrition leads to decline in
immunity and thereby a rise in acquired infection rate.
The reason for poor nutrition is that most of the patients,
who come to government sector for free treatment,
belong to a lower socioeconomic class. Moreover,
anaemia and infectious diseases (e.g. tuberculosis,
malaria, and dengue) are prevalent problems among
patients coming to Indian ICU. Therefore, proper daily
assessment of nutritional state of each patient and
subsequent intervention is imperative.

statistically significant (p=0.0092). Similarly, in present
study the difference between the mean SAPS 2 score in
the survivors and deceased was statistically significant
(68.70±19.58 in deceased and 21.87±13.26 in survivors
with p-value<0.001) The areas under ROC for the three
scores are 0.622 for APACHE II, 0.575 for SAPS II and
0.705 for SOFA.

In present study, the best discrimination was provided by
SAPS 2 score (AUROC=0.981), followed by APACHE II
(AUROC=0.978) and SOFA (AUROC=0.911). Several
studies have compared the different outcome prediction
scoring systems. For example, in a study of 10,393
patients from Scottish ICUs, Livingston and colleagues
compared the APACHE II, an APACHE II using United
Kingdom-derived coefficients (UK APACHE II), SAPS
II, and MPM0 and MPM24.21 These authors reported that
all models showed good discrimination, although
observed mortality was significantly different from that
predicted by all models. SAPS II had the best
performance overall.

Simplified acute physiology score II (SAPS II) is a
complex score calculated during the first 24 hours of
hospitalization in the ICU. Rating values obtained from
areas under the curve chart show SAPS II score to be
superior in predicting patients’ survival as compared with
the other two scores (APACHE II and SOFA). A ROC
value above 0.7 qualifies a score in discriminating
survivors versus deceased although strong discrimination
occurs in a ROC over 0.8.

In the present study, we evaluated the ability and validity
of APACHE II and SAPS II systems to accurately predict
hospital mortality. Both models showed excellent
discrimination, although we found that discrimination
was better for SAPS2 than for APACHE. Good
discrimination of both models has been reported in
previous studies.22-24
The area under the ROC of both systems in the present
study was higher than that in the other reports. Previously
reported area under the ROC curve of APACHE II and
SAPS II included 0.839 and 0.870 in Greece, 0.787 and
0.817 in Portugal, 0.83 and 0.79 in Saudi Arabia, 0.819
and 0.840 in Tunisia and 0.88 and 0.87 in Hong Kong.2428

In a study by Georgescu AM et al the APACHE II, SOFA
and SAPS II scores were determined prospectively, in the
first 24 hours after admission, for all 56 patients with
septic shock who were included in this study.29 Data were
statistically evaluated; the discriminating power
regarding survivors versus deceased patients was
calculated based on the receiver operating characteristic
curves. The overall mortality of the 56 patients with
septic shock was 60.71% (34 deaths). The average
APACHE II score was 25.36±7.477. The average SOFA
score was 7.679±3.197. The average SAPS II score was
44.45±16.97. For the APACHE II and SOFA scores the
differences when deceased and survivors were compared
were not statistically significant (APACHE II:
26.76±6.742 versus 23.18±8.175 respectively for SOFA:
8.029±3.099 versus 7.136±3.342). For the SAPS II score
the values are: 49.12±16.61 in deceased versus
37.23±15.20 in survivors, the difference being

The study concluded that the SAPS II score was superior
to the other scores for predicting survival in patients with
septic shock.

The results of present study differ from those of Kim who
identified the SOFA score as being the most predictive in
patients poisoned with organophosphates.30 An
explanation for the observed difference may stem from
the more complex nature of septic shock as compared
with poisoning both in onset and evolution. Moreover,
the simplicity of the SOFA score, in particular the
absence of parameters related to associated diseases
makes it more relevant to organ dysfunctions, unlike
SAPS II and APACHE II that evaluate multiple organ
dysfunction specific to the critically septic patient. While
the APACHE II score is a predictor for morbidity, the
SAPS score is a predictor of mortality. The use of these
scores as predictors must take into account the
heterogeneity of the population tested. There are, on one
hand,
significant
geographical
variables,
the
homogenization trend of confirmation by excluding
certain population groups (for example, age, length of
admission in ICU) and on the other different statistical
methods for assessing prediction. The parameters taken
into account may lead to evaluation errors. Tunnell et al
demonstrated what are the most common bias causes
when applying scores in the ICU: heart rate, arterial
pressure, respiratory rate, oxygenation, pH value and
blood glucose.31 For these reasons and taking into
account the above mentioned limitations, ICU scores can
be taken into consideration only to evaluate ICU
performance in order to improve the quality of medical
care even if the existence of a single output- mortality
may influence both the decision for ICU admission as
well as the time of discharge. Obviously, this criterion
can be influenced by the case-mix and the level of care in
a specific ICU as well. A high case-mix, specific to high
performing ICU services is the consequence of complex
pathologies, with unfavourable prognostic scores. The
limitations of the study are the low number of studied
cases that were concentrated within a single centre.
Moreover, the study does not take into account deaths
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that could have occurred immediately after discharge.
These scores are complementary and have certain
limitations. They do not provide individual prediction but
may assist therapeutic and managerial decisions. For a
complex pathology such as sepsis, a more complex score
could be more informative.

12.

CONCLUSION

13.

We conclude that the SAPS II score was superior to the
APACHE II and SOFA scores for predicting survival in
patients with septic shock but a combination of factors
must be taken in consideration to estimate the prognosis
in the ICU.
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