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Context: Clinical assessment of severity of illness is an essential component of medical 
practice to predict the outcome of critically ill‑patient. Acute Physiology and Chronic Health 
Evaluation (APACHE) model is one of the widely used scoring systems. Aims: This study 
was designed to evaluate the Performance of APACHE II and IV scoring systems in our 
Intensive Care Unit (ICU). Settings and Design: A prospective study in 6 bedded ICU, 
including 76 patients all above 15 years. Subjects and Methods: APACHE II and APACHE 
IV scores were calculated based on the worst values in the first 24 h of admission. All 
enrolled patients were followed, and outcome was recorded as survivors or nonsurvivors. 
Statistical Analysis Used: SPSS version 17. Results: The mean APACHE score was 
significantly higher among nonsurvivors than survivors (P < 0.005). Discrimination for 
APACHE II and APACHE IV was fair with area under receiver operating characteristic 
curve of 0.73 and 0.79 respectively. The cut‑off point with best Youden index for APACHE 
II was 17 and for APACHE IV was 85. Above cut‑off point, mortality was higher for both 
models  (P  <  0.005). Hosmer–Lemeshow Chi‑square coefficient test showed better 
calibration for APACHE II than APACHE IV. A positive correlation was seen between 
the models with Spearman’s correlation coefficient of 0.748 (P < 0.01). Conclusions: 
Discrimination was better for APACHE IV than APACHE II model however Calibration was 
better for APACHE II than APACHE IV model in our study. There was good correlation 
between the two models observed in our study. 
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Introduction
Clinical assessment of severity of illness is an essential 

component of medical practice, including Intensive 
Care Unit  (ICU) to predict mortality and morbidity 
of critically ill patient.[1,2] Scoring system can define 
critically ill‑patients, estimate prognosis, guide to 
allocate the resource and estimate the quality of ICU.[1‑3] 

Physiological based scoring systems are more applicable 
than diagnosis based scoring systems and estimate the 
risk based on the degree of variation from the normal 
function of major organ systems.[1,2]

Acute Physiology And Chronic Health Evaluation 
(APACHE), introduced in 1981, takes into consideration 
of various parameters like physiological variables, vital 
signs, urine output, neurological score, age and co‑morbid 
conditions, which may have a significant impact on the 
outcome of Critically ill patients.[4] APACHE II, formulated 
in 1985, estimate risk based on data available within the 
first 24 h of admission.[5] APACHE II is a widely used 
scoring system to quantify the severity of illness in ICU 
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and has been validated in many clinical trials.[5] APACHE 
IV, introduced in 2006, is the most recent version of 
APACHE. The new variables added to this model are 
mechanical ventilation, thrombolysis, impact of sedation 
on Glasgow coma Scale, Glasgow coma Scale, PaO2/FiO2 
ratio, pre ICU hospital length of stay, location prior to ICU 
and 116 disease specific subgroups.[6]

According to the Medline search, no study comparing 
these 2 scoring systems had been reported in our region 
(South East Asia). Thus, we designed a study to observe 
the performance of APACHE II and APACHE IV scoring 
system in our ICU.

Subjects and Methods
After obtaining consent from institution review board, 

the study was prospectively conducted for 4  months 
duration in a 6 bedded ICU of a tertiary level teaching 
hospital. 76 patients  (estimated by using n = z2pq/α2, 
where n is sample size, z is the confidence interval (1.96), 
P is the estimated proportion of attribute present in 
population (0.3), q = 1 − p and α is tolerable error) all 
above 15  years, irrespective of diagnosis managed in 
ICU for > 24 h were enrolled. APACHE II and APACHE 
IV scores were calculated based on the worst values 
of the first 24  h of admission. All enrolled patients 
were followed during their ICU stay and outcome was 
recorded as survivors or nonsurvivors.

Statistical analysis was carried out using SPSS Version 17 
(Polar Engineering and Consulting) and P < 0.05 were 
considered as significant. Descriptive statistics were 
calculated where applicable. Discrimination is how well 
a model can predict outcome, was tested by calculating 
area under receiver operating characteristics  (ROC) 
curve, a graphical plot of true positive  (sensitivity) 
against false positive rate  (1‑specificity). The best 
cut‑off value was derived by the best Youden Index. 
Calibration is how well the model tracks the outcome, 
was tested by Hosmer–Lemeshow Goodness of fit test. 
Student paired t‑test was used to compare between the 
scores. Correlation between the models was calculated 
by Spearman’s rho coefficient.

Results
Among 76 patients, there were 46 male patients and 

30 female patients. APACHE II score of the patients ranged 
from 6 to 35 with a mean of 18.26 ± 7.40. APACHE IV 
score of the patients ranged from 52 to 151 with a mean of 
91.68 ± 22.05. There were 51 survivors (67.1%). For APACHE 
II model, the mean score for survivors was 16.39 ± 6.82, 
which was less compared to mean the score of 22.08 ± 7.18 

for nonsurvivors (P = 0.001) [Table 1]. For APACHE IV 
model, the mean score for the survivors was 83.96 ± 17.93, 
which was less compared with mean the score of 107.44 
± 21.53 for nonsurvivors (P < 0.001) [Table 1]. Mortality 
increased with increasing APACHE II and APACHE IV 
score. There was a good correlation between APACHE 
II and APACHE IV score with Spearman’s coefficient of 
0.748 (P < 0.01) [Figure 1]. Discrimination for APACHE II 
and APACHE IV models were fair with area under ROC 
curve of 0.73 and 0.79 respectively [Figure 2]. The cut‑off 
point with best Youden index for APACHE II was 17 and 
for APACHE IV was 85. Among patients with APACHE II 
score ≥ 17, there were 80% nonsurvivors and among patients 
with APACHE II score < 17, there were 20% nonsurvivors 
(P = 0.001)  [Figure 3]. Similarly, among patients with 
APACHE IV score ≥ 85, there were 92% nonsurvivors 
and among patients with APACHE IV score < 85, there 
were 8% nonsurvivors (P < 0.001) [Figure 4]. There was no 
linear relationship between predicted length of ICU stay by 
APACHE IV model and observed ICU length of stay. The 
Hosmer–Lemeshow Chi‑square coefficient value calculated 
for calibration of APACHE II model was 7.9 (P = 0.34) and 
of APACHE IV model was 14.26 (P = 0.05).

Discussion
Both mean APACHE II and APACHE IV score were 

significantly higher among nonsurvivors than survivors, 
which correlated with other studies.[5‑16]

Acute Physiology and Chronic Health Evaluation II 
score observed in our study ranged from 6 to 35 with 
mean score of 18.26  ±  7.40 which was comparable 
to that reported from India,[7] Bangladesh [8] and 
Turkey.[9] Survivors had lower mean APACHE II score 
compared with nonsurvivors, which was statistically 
significant  (P  =  0.001) As observed in other studies. 
Mortality increased with increasing APACHE II score, 
which was also statistically significant (P = 0.001). Similar 
results were found in other studies.[7‑9]

Acute Physiology and Chronic Health Evaluation IV 
score ranged from 52 to 151 in our study with a mean of 
91.68 ± 22.05, which were comparable to that reported 

Table 1: Comparison of mean APACHE II and APACHE IV 
score among survivors and nonsurvivors

Outcome Number Mean score SD P

APACHE II
Non survivor 25 22.08 7.18 0.001
Survivor 51 16.39 6.82

APACHE IV
Non survivor 25 107.44 21.53 <0.001
Survivor 51 83.96 17.93

APACHE: Acute Physiology and Chronic Health Evaluation; SD: Standard deviation
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from Turkey,[9] Karachi.[10] Survivors had lower mean 
APACHE IV score compared to nonsurvivors, which 
was statistically significant (P < 0.001) as found in other 
studies. Mortality increased with increasing APACHE IV 
score, which was also statistically significant (P < 0.001) 
as observed in other studies.[9‑16]

The bivariate analysis showed no statistically significant 
correlation of mortality with age group and sex as 
observed in other studies. However the association of 
initial GCS value, mean Billirubin value, Inotropic and 
mechanical ventilator support [Table 2], high APACHE II 
score and APACHE IV score were statistically significant 
with mortality (P < 0.005).

There was good correlation between APACHE II 
and APACHE IV with Spearman’s rho correlation 
coefficient of 0.748  (P  <  0.01). Similarly correlation 
among the survivors was 0.708  (P < 0.01) and among 
the nonsurvivors was 0.655 (P < 0.01) were also good.

Area under ROC curve observed for APACHE II 
model was 0.73 which were similar as reported in 

India,[7] Bangladesh[8] and Turkey.[9] Area under ROC 
curve observed in our study for APACHE IV was 0.79 
which was 0.93 in Ayazoglu study,[9] 0.861 in Keegan 
et  al. study[11] and 0.884 in Kramer et  al. study.[12] The 
discrimination of APACHE IV model was better than 
APCHE II model in our study and the finding was 
consistent with Brinkman et  al. study[13] but wasn’t 
consistent with Ayazoglu study,[9] Kamal et al. study[14] 
and Lee et al. study.[15]

Acute Physiology and Chronic Health Evaluation IV 
model better predict mortality rate than APACHE II 

Figure 1: Correlation between Acute Physiology and Chronic Health 
Evaluation (APACHE) II and APACHE IV score

Figure 3: Survivors and nonsurvivors above and below the best cut-off 
point for Acute Physiology and Chronic Health Evaluation II score

Figure 2: Receiver operating characteristic curve of Acute Physiology and 
Chronic Health Evaluation (APACHE) II and APACHE IV score to test the 
discrimination of the model

Figure 4: Survivors and nonsurvivors above and below the best cut-off 
point for Acute Physiology and Chronic Health Evaluation IV score

Table 2: Comparison of inotropic and mechanical ventilation 
support among survivors and nonsurvivors

Survivors Non survivors P

Number Percentage Number Percentage

Inotropic support
Yes 14 48.3 15 51.7 0.006
No 37 78.7 10 21.3

Mechanical 
ventilator support

Yes 28 85.4 21 84 0.001
No 23 45.1 4 16
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scoring system in our ICU. The reason could probably 
be the consideration of mechanical ventilation support, 
patient source prior to ICU admission, disease 
specific subgroup analysis and specific reason for ICU 
admission.

The Hosmer–Lemeshow Chi‑square coefficient for 
APACHE II was 7.9  (P  =  0.34) in our study, which 
was similar in a study done in Bangladesh[8] and for 
APACHE IV was 14.26  (P = 0.05) in our study, which 
was 12.86 (P = 0.12) in a study done in Brazil.[16] Thus, in 
our study calibration of both models was good however 
APACHE II had better calibration than APACHE IV 
model. However, the calibration observed for both models 
was poor in Brinkman et al. study[13] and Lee et al. study.[15]

There was uniformity in data collection and 
investigation to minimize the bias.

Lead time bias is another factor affecting the accuracy 
of risk prediction,[17] which was difficult to quantify in 
our study. However, APACHE IV model had considered 
the location of patient and duration of illness prior to 
being admitted in ICU.

Besides this, overall quality of ICU is affected by the 
bed occupancy ratio, lab facility and availability, trained 
man powers, nurse to patient ratio and financial status 
of the patient’s care giver. Limited resources signifies 
resources limited within the hospital or outside in the 
community.[18]

Both APACHE models have shown good performance 
in the USA[5,6] and other parts of the world. However in 
the developing countries like ours, the performance of 
both models can be improved by considering separate 
points for lead time bias, financial status of the patient’s 
caretakers, nurse to patient ratio in ICU, availability of 
manpower and resources in the ICU.

Thus, more studies in multiple centers involving 
larger patient population are needed to validate both 
the scoring systems in developing countries like ours 
and separate scoring systems that factor in the pitfalls 
in resource limited environment need to be developed 
for good predictability.

To conclude, mortality of patients was significantly 
high when APACHE II score  ≥  17 and APACHE IV 
score ≥ 85. Discrimination, was fair for both models, but 
APACHE IV was superior to APACHE II. Calibration, 
was better for APACHE II than APACHE IV in our 
ICU. There was good correlation observed between the 

models. Further studies with a larger patient population 
would be required to validate these findings.
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