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To Evaluate and Compare Ability of Two Prognostic Scoring Systems
in Predicting the Mortality of Critically Ill Patients in Adult Intensive

Care Unit

Abhay Ganar’, Sachin Potey”

ABSTRACT \

Introduction: Clinical assessment of severity of illness is an
essential component of medical practice. Several severity-
of-illness based mortality prediction models are available.
Therefore, this study was undertaken to individually evaluate
and compare the ability of APACHE-II and SOFA scoring
systems to predict mortality of critically ill patients in adult
intensive care unit.

Material and Methods: This prospective, observational
cohort study was carried out on 50 patients aged more than
18 years, of either gender, admitted to Intensive Care Units
(medical and surgical) of the hospital, with hospital stay more
than 24 hours. Their clinical parameters and laboratory data
were collected on admission and every 24 hours till discharge
from ICU or death. The APACHE II and SOFA scoring were
computed every day and compared.

Results: Overall mortality rate was 50%. The power of
prediction of SOFA system was higher than APACHE II
system score in terms of the MEAN and HIGHEST scores
(reflecting patient’s clinical status more accurately).
Conclusion: Though initial scores had poor predictive value
but SOFA scoring system was better than APACHE II scoring
system.

Keywords: Mortality Prediction, APACHE II Scoring System,
SOFA Scoring System, Critically IlI, Intensive Care Unit.
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INTRODUCTION

Clinical assessment of severity of illness is an essential
component of medical practice to determine the need for
therapeutic interventions, degree of urgency, outcome
prediction and may also indicate the prognosis. Outcome
prediction is important in both clinical and administrative
intensive care unit management.'

Several severity-of-illness based mortality prediction
models were developed for use in multidiagnostic patient
groups. The information derived from these models can be
used to evaluate ICU performance and to improve medical
decision-making and resource allocation®?, and perhaps
it can also provide patients and their relatives with better
information about the ICU stay and its possible outcomes.>*
Unfortunately, if treatment is withdrawn in patients with a
high risk for dying based on these scores, then all high-risk
patients indeed will die.?

The earliest attempt to quantify severity of illness in general
critically ill population was by Cullen by the Therapeutic
Intervention Score (TIS).” The one most frequently used
in many countries is the APACHE (Acute Physiology and

Chronic Health Evaluation), originally developed by Knaus,
in 1981, and modified in 1985, into APACHE II.” Another
system available is the SAPS (Simplified Acute Physiology
Score)®, which differs from APACHE II in that it contains
other clinical variables, such as diuresis, serum bicarbonate
and bilirubin, and also for not including admission diagnosis.
Other systems are also available, with application for specific
subgroups, such as trauma’, hemodynamic instability'?,
myocardial ischemia', post heart surgery'? and SOFA"
(Sepsis-related Organ Failure Assessment).

These scoring systems rely mainly on data obtained early
in the course of the illness. Thus, the strength of initial
predictions may be influenced by numerous factors during
the course of hospitalization, which may not be accounted
for in the initial assessment, thus, underestimating hospital
mortality. Other potential limitations include the influence
of organizational factors on patient outcomes'*'*, differences
in performance of models among various countries'®
and mistakes in data collection.'”” There are also several
advantages of having an internationally valid mortality
prediction system for patients, particularly in international
comparisons and research studies.

APACHE II (Acute Physiology and Chronic Health
Evaluation II)

It is the sum of three units: an Acute Physiology Score, a
Chronic Health Evaluation, and a score based on patients
Age.

Scoring is based on the most abnormal measurements during
24-hour stay in Intensive Care Unit (ICU). The maximum
score is 71 points, although more than 80% of patients have
score of 29 or less. Relationship between APACHE II scores
and hospital mortality differs for surgical and non-surgical
patients, since the prognostic impact of altered physiology is
less severe in post-operative patients.’
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SOFA (Sequential Organ Failure Assessment)

It quantifies dysfunction of six organ systems' ranging from
zero (normal) to 4 (extremely abnormal), as follows:
Respiratory System: PaO,/ FiO, mmHg.

Coagulation System: Platelets x 10° / ul

Hepatic System: Bilirubin (mg/dl).

Cardiovascular System: Hypotension.

Central Nervous System: Glasgow Coma Scale Score.
Renal System: Creatinine mg/dl, urine output ml/day.

It has also been demonstrated to predict mortality as well in
several studies.'81%20-2!

Therefore, this study was undertaken to individually evaluate
and compare the ability of APACHE-II and SOFA scoring
systems to predict mortality of critically ill patients in adult
intensive care unit.

MATERIAL AND METHODS

This was a prospective, observational cohort study conducted
in Kamineni Hospitals, Hyderabad, after approval from the
Institution Ethics Committee.

This study was conducted on 50 patients aged more than
18 years, of either gender, admitted to Intensive Care Units
(medical and surgical) of the hospital, with hospital stay
more than 24 hours. The patients having post coronary artery
bypass surgery and those who left treatment against medical
advice were excluded from the study.

Their demographics were recorded. The clinical parameters
having worst score were noted for calculation of score in the
24 hours. The laboratory data were collected on admission
and every 24 hours till discharge from Intensive Care Unit
or death. The APACHE II and SOFA scoring were computed
everyday from the collected clinical parameters and

Sk W —

Sex Mean Age Survivors Non-survivors
(In years) (In years) (In years)
Male 54.71 53.07 56.35
(48.65-60.77) (45.01-61.13) (46.24-66.47)
Female 51.22 46.36 56.09
(43.27-59.17) (32.85-59.87) (46.16-66.02)
Total 53.18 50.12 56.24
(48.46-57.89) (43.14-57.09) (49.61-62.86)

Table-1: Gender and age distribution

Category Total | Non-Survivors | Survivors
Non-Surgical 28 15 (53.5%) 13 (46.4%)
Elective Surgery 6 5(83.3%) 1 (16.6%)
Emergency Surgery 16 5(31.25%) 11 (68.75%)

Table-2: Surgical category wise distribution

laboratory data. For a single missing value, a replacement
was calculated from the mean of the sum of the results
immediately preceding and following the missing value.
The Initial Score was defined as the score at the time of
admission to Intensive Care Unit. MEAN SCORE was
defined as the ratio of total score to the length of stay in the
ICU. The maximum score recorded during the ICU stay was
taken as HIGHEST SCORE. Mortality was considered as the
study outcome.

STATISTICAL ANALYSIS

Chi Square () test was used to evaluate the statistical
significance of categorical variables. The results were
presented as mean (SD). All statistical tests were 2-tailed
and a P value < 0.05 was considered significant. These
two scores were further compared by Receiver Operating
Characteristics (ROC) curve'? analysis (1- specificity plotted
on X-axis and sensitivity on Y-axis). The Area Under Curve
(AUC) indicates diagnostic performance and was interpreted
as29,31

*  Non-predictive AUC = 0.49

e Less predictive AUC = 0.5 - 0.69

*  Moderately predictive AUC = 0.7 — 0.89

*  Highly predictive AUC=0.9-0.99

»  Perfectly predictive AUC = 1.

RESULTS

Out of the 50 patients who participated in the study 25 (50%)
expired during ICU stay (Males: 46%, Females: 54%).
Mortality increased with increasing age (25% in less than 30
years vs 56% in 50-69 years).The gender and age distribution
is as per Table 1 and surgical category wise distribution is as
per Table 2. Mean ICU stay of study population was 5.88
+ 0.5 days. Difference between the mean ICU stay of non-
survivors (6.08 + 0.7) and survivors (5.68 £+ 0.6) was not
significant and ICU stay had no significant influence on
outcome of patients.

The APACHE 1II and SOFA scoring were done as Tables
3 and 4. Statistically significant differences were seen in
between the MEAN (P<0.0001) and HIGHEST (P<0.0001)
APACHE 1I scores of non-survivors and survivors, and in
between the MEAN (P<0.0001) and HIGHEST (P<0.0001)
SOFA scores of non-survivors and survivors.

The comparison by AUROC curve is as per Table 5. Thus,
the power of prediction of SOFA was found to be greater
than APACHE 1I scoring system for the INITIAL, MEAN
and HIGHEST scores.

The ROC curve analysis determined cut off limits for each

APACHE II Outcome Mean Std. Deviation Std. Error Mean
Inital Non-survivors 26.48 5.86 1.17

Survivors 25.56 4.80 0.96
Mean Non-survivors 27.10 4.61 0.92

Survivors 19.69 3.53 0.70
Highest Non-survivors 33.80 5.31 1.06

Survivors 26.12 4.87 0.97

Table-3: APACHE II scores
i C31
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8 Sofa Outcome Mean Std. Deviation Std. Error Mean
fw Inital Non-survivors 8.92 2.17 0.43
) Survivors 78 1.95 0.39
g Mean Non-survivors 10.11 1.83 0.36
< Survivors 6.4 1.76 0.35
E Highest Non-survivors 13.56 1.7 0.34
= Survivors 9 2.53 0.50
g Table-4: SOFA scores
N
Score AUROC 95% Cl1 P value Significance
Inital Sofa 0.642 0.489-0.785 0.086 Not significant
Apache II 0.559 0392-0.726 0.473 Not significant
Mean Sofa 0.931 0.867-0.995 <0.0001 Significant
Apache II 0.891 0.804-0.978 <0.0001 Significant
Highest Sofa 0.934 0.868-1 <0.0001 Significant
Apache 11 0.851 0.743-0.960 <0.0001 Significant
Table-5: Comparison by AUROC
Apache 11 Cut-off value Total (n) Nonsurvivors Mortality Sensitivity Specificity
(%) (%) (%)
Initial >26 25 15 60 56 68
Mean >20.84 29 22 75 88 76
Highest >26 35 23 65 92 64
Table-6: Cut off limit for APACHE II score: mortality, sensitivity and specificity.
Sofa Cut off value Total (n) Nonsurvivors Mortality (%) | Sensitivity (%) | Specificity (%)
Initial >10 15 9 60 32 92
Mean >6.89 34 25 73.5 100 68
Highest >10 37 25 67.5 100 72
Table-7: Cut off limit for SOFA score: mortality, sensitivity and specificity

score, which had maximum sensitivity and specificity
and mortality percentage (as per Tables 6 and 7). Clearly,
the SOFA scoring system was superior to the APACHE II
scoring system in terms of sensitivity and specificity.

DISCUSSION

Many severity-of-illness scores have been developed and
used to predict outcome in critically ill patients. During
the past few years, a series of studies dealing with the
application of outcome prediction models in critically
ill patients demonstrated variety of results. These results
have been observed in different centers with different
treatment strategies. Information regarding the usefulness
of these scores in critically ill patients requiring ICU care
is still restricted and most reports are limited by relatively
small sample sizes and/or the statistical analyses used in
the assessment of models' performance. In order to assess
such mortality prediction models this present study was
conducted.

Berger MM, Marazzi A et al ? studied APACHE II in Surgical
Intensive Care Unit. In their observation, mean APACHE II
score was 10.5 + 7.0. Their study also showed significantly
(P < 0.001) lower mean APACHE II score in the survivors
(9.0 £ 5.2) than in the nonsurvivors (21.5 + 8.5). But the cut
off score they observed was lower than the present study.
Sensitivity and specificity of the scores were highest in the

emergency surgery group (87% and 78%), and lowest in the
elective surgery group (76% and 73%).

In a study to predict prognosis of patients with ventilator-
associated pneumonia (VAP), Gursel G, Demirtas S et
al® found mortality rate of 54% and the mean APACHE
II (21 £ 6, 14 £ 5; P=0.001), and SOFA (7 + 3, 4 £+ 2;
P = 0.002) scores determined at the time of VAP diagnosis
were significantly higher in nonsurvivors than in survivors.
Discrimination was excellent for APACHE 11 (ROC AUC:
0.81; P = 0.001) and acceptable for SOFA (ROC AUC:
0.71; P=0.005) scores. Of these scores only APACHE II
>16 was an independent predictor of the mortality. These
results suggest that APACHE II determined at the time of
VAP diagnosis may be useful in predicting mortality in the
pulmonary ICU patient population.

To predict survival in patients with septic shock, Fadi Alsous,
Mohammad Khamiees et al** applied APACHEII and SOFA
scores on 36 patients admitted to ICU with septic shock.
Their results also reflected same picture as in the present
study. Patients ranged in age from 16 to 85 years with a mean
age of 67.4 + 3.3 years. The mean admission APACHE 11
score was 25.4 = 1.4, and the day 1 SOFA score was 9.0 £+
0.8. Their results are comparable to the present study where
nonsurvivors had higher mean APACHE 1I scores (29.8)
than survivors (20.4) and higher first day SOFA scores than
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survivors (10.8 vs 6.9, respectively).

In a prospective study, Ture M, Memis D, Kurt I et al®
analyzed adult respiratory distress syndrome and compared
prognostic accuracy of thyroid hormones, along with
APACHE II and SOFA in predicting ICU mortality. There
were 47.6% survivors and 52.4% non-survivors. The
survivors had a lower APACHE II score (11.50 vs. 15.82, P
< 0.0005), a lower SOFA score (6.06 vs. 9.42, P < 0.0005),
a younger age (57 vs. 70 years, P = 0.008), and higher fT3
level (2.18 vs. 1.72 pg/ml, P = 0.002) than non-survivors.
Ferreira FL, Bota DP, Bross A, Melot C, Vincent JL et al*®
serially evaluated the SOFA score to predict outcome in
critically ill patients. Their result showed that initial and
highest scores of more than 11 or mean scores of more
than 5 corresponded to mortality of more than 80%. In
present study, initial and highest scores of more than 11
corresponded to mortality of 84% and 78% respectively, but
mean score of more than 8 corresponded to mortality of 75%
which is higher than that found in their study. In both the
studies, the mean and highest SOFA scores had the strongest
correlation with mortality, followed by initial SOFA scores.
The AUROC curve was largest for highest scores (0.90; SE,
0.02; P<0.001 vs. initial score). Both the mean and highest
SOFA scores are particularly useful predictors of outcome.
Meisner M, Tschaikowsky K et al*” compared procalcitonin
(PCT) and C-reactive protein (CRP) plasma concentrations
at different SOFA scores during the course of sepsis and
MODS. Higher SOFA score levels were associated with
significantly higher PCT plasma concentrations and higher
mortality. But their cutoff limits are significantly higher than
the present study.

Janssens U, Graf C et al*® evaluated the SOFA score in patients
with predominantly cardiovascular disorders with mean age
62 £ 12.6 years. Nonsurvivors had a higher total SOFA score
onday 1 (5.9 £3.7) than survivors (1.9 +2.3, P<0.001) High
SOFA scores for any organ system and increasing number of
organ failures (SOFA score > or = 3) were associated with
increased mortality. They concluded that the SOFA, Total
Maximum SOFA (TMS) and delta SOFA scores provide
the clinician with important information on degree and
progression of organ dysfunction in medical, cardiovascular
patients. On day 1 both SOFA score and TMS score had a
better prognostic value. The model is closely related to
outcome and identifies patients who are at increased risk for
prolonged ICU stay.

In the prospective study conducted by Ratanarat R,
Thanakittiwirun et al®, for the prediction of mortality by
using the standard scoring systems in a medical intensive
care unit in Thailand, the findings were similar to the present
study. APACHE 1I scores of nonsurvivors (26.97 + 8.27)
were significantly higher than those of survivors (17.77
+ 8.22) (P < 0. 001). The AUROC curves for APACHE 11
was 0.788. The predictive ability to discriminate between
survivors and non-survivors of APACHE II by AUROC was
significantly higher.

Peres Bota D, Melot Christian, Lopes Ferreira F et al*®
studied the multiple organ dysfunction scores versus the

Sequential Organ Failure Assessment (SOFA) score in
outcome prediction. Outcome prediction of the APACHE 11
score was similar to the initial SOFA score in all patients,
and slightly worse in patients with shock. Using the scores'
cardiovascular component (CV), outcome prediction was
better for the SOFA score at all the time intervals. They
concluded that SOFA is a reliable outcome predictor.
Markus Wehler, Judith Kokoska et al*' studied short-term
prognosis in critically ill patients with cirrhosis assessed
by prognostic scoring system. The short-term prognosis
of acutely ill patients with cirrhosis is influenced by the
degree of hepatic insufficiency and by dysfunction of extra
hepatic organ systems. The SOFA showed an excellent
discriminative power (AUROC 0.94), which was clearly
superior to the APACHE II (AUROC 0.79). Hospital
mortality rates below and above a cutoff of 8 SOFA points
were 4% and 88% (P<0.0005). They concluded that SOFA is
an excellent tool to predict the hospital mortality in critically
ill cirrhotic patients. The SOFA score also reflected resource
use during the ICU treatment as measured by daily workload
and length of stay. The SOFA is an easily applied tool with
excellent prognostic abilities and can be used to enhance
clinical judgment of prognosis.

Oh TE, Hutchinson R et al*? conducted prospective cohort
study to verify the Acute Physiology and Chronic Health
Evaluation scoring system in a Hong Kong intensive care
unit. The hospital mortality rate for study patients was
36%. Survivors were younger, had shorter ICU stays,
lower APACHE scores, and lower risk of death values
than nonsurvivors (P < .001). Areas under the receiver
operating characteristic curves were 0.89 (all patients), 0.85
(operative) and 0.88 (non-operative). The APACHE II score
was not sufficiently accurate to predict outcome of individual
patients. There was close concordance between observed
and predicted mortality of patient groups.

Limitations
This study was limited by the ICU admissions of the patients.
Therefore, the results of this study may not be generalized.

CONCLUSION

From this study, it can be effectively concluded that:

The initial scores of both APACHE II and SOFA scoring
systems had poor predictive value (AUROC 0.559 and
0.642 respectively). Thus prognostication based on initial
score interpretation should be done cautiously. Also, SOFA
scoring system had high predictive value for the MEAN and
HIGHEST scores (reflecting patient’s clinical status more
accurately). Thus, it is suggested to make it mandatory to
document these scores in the case records of the ICU patients
on a regular basis for prognostication.
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