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Objectives: There are scarce data from India validating scoring systems used to predict outcome in patients
requiring mechanical ventilation. This study prospectively compared the organ system failure (OSF), the
acute physiology and chronic health evaluation (APACHE) II, and the APACHE III, scores on patients
requiring mechanical ventilation in the medical intensive care unit, to predict outcome.
Methods: 200 consecutive patients requiring mechanical ventilation in a medical intensive care unit were
recruited. OSF, APACHE II, and APCHE III scores were calculated at admission and daily for one week or
until discharge in all patients. Other variables recorded include age, sex, diagnosis, oxygen therapy
before ventilation, complications on ventilation, duration in hospital before ventilation, duration of
ventilation, type of respiratory failure, alveolar arterial oxygen gradient, P/F ratio, use of tracheostomy,
time on ventilator before tracheostomy, muscle relaxant used, fluid balance, inotrope support. Logistic
regression analysis and area under the curve were computed to determine which variables independently
predict outcome.
Results: Of the 200 patients, at discharge 143 patients (71.5%) had died. The factors that independently
predicted outcome among these patients on mechanical ventilation were the type of respiratory failure
(type I) OR = 2.7 (p = 0.02), the use of inotropes OR 2.4 (p = 0.04), and the APACHE II score OR = 1.8
(p = 0.008) for every five point increase in APACHE II score.
Conclusions: Type 1 respiratory failure, the use of inotropes, and the APACHE II score measured at
admission are significant independent predictors of mortality in the patients on mechanical ventilation.

M

echanical ventilation is an essential life support given
to many patients in the intensive care unit (ICU).1
Scoring systems have been developed to help the
physician predict mortality in patients requiring critical care.2
Patients admitted in the ICUs and the technological care that
can be provided in the developing world is substantially
different from that noted in the developed countries. There
are scarce data validating these scoring systems in patients
requiring mechanical ventilation from India. We prospectively compared the three scoring systems to predict clinical
outcome: the organ system failure (OSF), the acute physiology and chronic health evaluation (APACHE) II, and the
APACHE III scores along with other variables that could
possibly have a relation to outcome in patients requiring
mechanical ventilation in the medical intensive care unit
(MICU) in a tertiary care centre in India.

METHODS
The study was conducted in a tertiary teaching hospital in
South India between March 1997 and March 1998. Two
hundred consecutive patients admitted in the MICU requiring mechanical ventilation were recruited. The scores
obtained in OSF,3 APACHE II,4 and APACHE III5 were
calculated at admission and daily for one week or until
discharge in all patients. The other variables that were
recorded were age, sex, diagnosis at admission, oxygen
therapy before ventilation, complications on ventilation,
duration in hospital before ventilation, duration of mechanical ventilation, type of respiratory failure, alveolar arterial
oxygen gradient, P/F ratio (PaO2/FiO2), use of tracheostomy,
time on ventilator before tracheostomy, muscle relaxant
used, fluid balance, inotrope support, clinical outcome (dead/
survived).
Statistical analysis
SPSS for Windows version 8 was used for analysis. Logistic
regression analysis was done with clinical outcome as
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dependent variable and other measured variables, which
were noted to have significant (p,0.05) association in
univariate analysis. The scores obtained by the three scoring
systems were compared using the receiver operating characteristics (ROC) methods.6 The likelihood ratio (LR) was
calculated for predicting outcome at different cut off points
for OSF, APACHE II, and APACHE III. Area under the curve
(AUC) was calculated for the three scores and compared
statistically in a paired manner. Odds ratios of scoring
systems with cut off of five were calculated to make clinical
interpretation easier.

RESULTS
During the 12 month study period 483 patients were
admitted to the MICU. The overall case fatality for patients
admitted in the MICU was 148 of 483 (30.6%). Of the 483
patients 283 patients did not require mechanical ventilation;
five (1.7%) of these patients died.
Two hundred patients were enrolled in the study. Sixty
three (28.5%) were women and 137 (68.5%) were men. Of
the 200 patients 143 (71.5%) died and 57 (28.5%) survived.
Table 1 shows the admission diagnosis for the study
patients.
Among the variables entered into the univariate analysis
(tables 2 and 3) the following were found to predict mortality
in mechanically ventilated patients: type of respiratory
failure, use of inotrope support, age, duration in hospital
before mechanical ventilation, alveolar arterial oxygen
pressure gradient, and APACHE II score. The correlation
coefficient between APACHE II and APACHE III scores was
0.8 and 0.63 between APACHE II and OSF scores. The six
variables were entered into the logistic regression analysis.
Abbreviations: ICU, intensive care unit; MICU, medical intensive care
unit; APACHE, acute physiology and chronic health evaluation; OSF,
organ system failure; ROC, receiver operating curve; AUC, area under
curve

Postgrad Med J: first published as 10.1136/pgmj.2005.033076 on 12 December 2005. Downloaded from http://pmj.bmj.com/ on September 18, 2020 by guest. Protected by copyright.

ORIGINAL ARTICLE

Mortality predictors in ventilated patients

Admission diagnosis

Diagnosis

Percentage of patients

Number of patients

Mortality (number)

Respiratory disease
Renal disease
Cardiovascular disease
Gastrointestinal disease
CNS disease
Infectious disease
Poisoning
Malignancy
Autoimmune disease
Total

12
8
6
7.5
16.5
9.5
28.5
5.5
6.5
100

24
16
12
15
33
19
57
11
13
200

18
12
10
11
28
16
26
11
11
143

Table 2

Univariate analysis (variables compared using the t test)

Variable

Overall mean

Alive mean (SD)

Died mean (SD)

p Value

Age (y)
Duration in hours in hospital
before ventilation
Duration of mechanical
ventilation (h)
Alveolar-arterial (A-a) oxygen
gradient
P/F ratio
Fluid balance in litres
Time before tracheotomy (h)
(evaluated for only 62 patients)

41
66

34 (16)
15(35)

43 (18)
86(206)

0.001
0.012

116

168(124)

95(123)

,0.001

391

350(156)

408(145)

0.015

2.9
+4.2
65

3.3(2.0)
+6.3(6.9)
110(86)

2.7(4.4)
+3.4(4.8)
32(55)

0.33
0.001
,0.001

Table 3 Univariate analysis (variables compared using x2 test with Yates’s continuity correction)
Variable
Inotrope support
Type of respiratory failure
Sex
Use of tracheotomy

Yes
No
Type 1
Type II
Male
Female
Yes
No

Alive

Died

p Value

Odds ratio

95% CI

13
44
14
43
43
14
26
31

80
62
77
66
94
49
36
107

,0.001

4.36

2.06to 9.39

,0.001

3.58

1.72 to 7.56

0.24

0.62

0.29 to 1.32

0.01

0.40

0.2 to 0.8

The duration of mechanical ventilation and the cumulative
fluid balance are two variables that were found significant on
the univariate analysis, but were not entered into the
multivariate analysis as they cannot be determined before
or at the start of ventilation and hence cannot be used to
predict outcome.
The results for the three scores done after a week were
similar to those at admission and hence the time trend
analysis is not presented.
Results of the logistic regression analysis: (table 4)
In the analysis APACHE II was found to be the only predictor
of mortality among the three scores. As the analysis showed
that there was close correlation between the APACHE II,
APACHE III, and OSF scores the regression analysis was
repeated after removing the APACHE II score and the
APACHE III score was found to be an independent predictor.
Then the analysis was repeated after removing the APACHE
III score and the OSF score was seen to be an independent
predictor of mortality.
The final logistic model included type of respiratory failure,
use of inotropic support, and APACHE II as the APACHE II
score had the highest level of association.

Table 5 looks at the sensitivity, specificity, and likelihood
ratios for the APACHE II scoring system at different cut off
points to predict outcome.
Figure 1 shows the receiver operating characteristic curve
for the three scoring systems.
Complications that were seen in our patients included tube
block in 19 patients (9.5%), nosocomial pneumonia in 53
(26.5%), nosocomial sepsis 3 (1.5%), and other complications
in 4 (2%). Altogether 119 patients had no complications
related to mechanical ventilation.

Table 4 Logistic regression analysis
Variable

Odds ratio (95% CI)

p Value

Type of respiratory failure
Use of inotropes
APACHE II score * for a five
point increase in score

2.69 (1.20 to 6.00)
2.39 (1.10 to 5.30)
1.80* (1.67 to 1.87)

0.016
0.035
0.008

The following variables were not found to be independent predictors of
mortality: duration in hours in hospital before ventilation (p = 0.09);
alveolar-arterial oxygen (A-a) gradient (p = 0.86); age (p = 0.55).
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Score

Sensitivity

Specificity

Likelihood ratio

3
8
11
14
15
20
22
23
24
25
26
27
28
31
36
37

99.3
99.3
97.9
95.0
95.0
86.0
78.0
73.9
70.0
62.4
59.6
51.8
44.0
27.5
17.0
14.8

0.00
5.4
12.5
23.2
27.0
50.0
61.0
68.0
71.0
75.0
78.6
78.6
83.9
94.6
98.2
100.0

0.99
1.05
1.12
1.24
1.30
1.72
2.00
2.31
2.41
2.50
2.78
2.41
2.74
5.12
9.55
Infinity

DISCUSSION
Scoring systems primarily developed for estimating prognosis
in critically ill patients have not been well validated in
mechanically ventilated patients. In an earlier study2 on 500
consecutive patients from India admitted in the MICU,
modified OSF score was found superior to the APACHE II
score in predicting mortality. This study was done on Indian
patients to determine the usefulness of these scoring systems
on our mechanically ventilated patients. This is important
considering the limitation of resources and demand for ICU
beds in most hospitals.
The data show that 41% of patients admitted to the MICU
needed mechanical ventilation and the outcome of those not
requiring ventilatory support was significantly better than
those requiring ventilatory support—mortality 1.7% compared with 71.5% (p,0.001).
The analysis of mortality in the diagnostic categories
showed the least mortality in the patients admitted for
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Figure 1 OSF, APACHE II, and APACHE III ROC curves. The area
under the curve (AUC) for the three scores (APACHE II, APACHE III, and
OSF) were 0.756 SE (0.037), 0.7555 (0.038), and 0.674 (0.040)
respectively. The difference between the APACHE II and III scores AUC
was not significant p = 0.50.
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poisoning (46%), and highest in patients having a malignancy (100%), findings similar to those reported earlier7 8
questioning the use of mechanical ventilation in patients
whose underlying disease is not treatable; however most of
these patients were admitted to the ICU for coexisting
illnesses—mostly infections that were hoped to be reversible.
Studies done on patients with type II respiratory failure
show that older patients with lower mean arterial pressures,
higher blood urea,9 poorer pre-morbid condition,10–12 patients
requiring ventilation within first 24 hours,13 patients with
lower serum albumin, in cor pulmonale with lower FEV1
were found to have poorer prognosis. These variables,
however, were not shown to independently predict outcome
in our study, although most are included in the three scoring
systems. Among patients with type I respiratory failure,
sepsis, multi-organ system failure, cardiac failure, worsening
renal function,14 15 higher bronchoalveolar fluid interleukin 8
concentrations,16 a longer duration of mechanical ventilation,
medically ill patients with sepsis and multiple transfusions as
compared with trauma patients with the above comorbidities17 were all found to have an adverse effect on the
outcome. The duration of mechanical ventilation cannot be
used prospectively to predict outcome, while the other factors
are mostly incorporated in the APACHE II and III scores.
Gupta et al have shown an APACHE III score of .57 and a
SAPS II score of .39 predicted a poorer outcome.18
Logistic regression analysis shows that the factors that had
prognostic significance on outcome were type I respiratory
failure, use of inotropes, and the APACHE II score. Age,
duration of mechanical ventilation, alveolar oxygen gradient,
and PaO2/FiO2 gradient, although significant on univariate
analysis were not found to predict outcome independently on
multivariate analysis.
Patients with type I respiratory failure were found to have
a higher mortality (40%) as compared with 17% with type II
failure. These findings have been seen in earlier studies,9 the
mortality rate for type II respiratory failure ranging from 9%19
to 50%12 and from 54%14 to 72%20 in type I respiratory failure,
showing that parenchymal lung damage predicts a poorer
outcome for patients on mechanical ventilation. The reason
for this difference could be because patients with type II
failure are mostly those with poisoning and they have a good
prognosis because they have a reversible illness, they have no
underlying lung damage, and they do not have multiorgan
system failure.
The use of inotrope support during mechanical ventilation
is an independent predictor of outcome of these patients. This
is probably because these patients have cardiovascular system
failure and are unable to cope with the additional demands of
a critical illness. Continuous monitoring of all ICU patients
did not disclose any arrythmias in these patients. The
common inotropes used in our ICU were dopamine,
dobutamine, and adrenaline (epinephrine).
All three scoring systems were found to predict outcome. The
APACHE II score as seen in the logistic regression analysis
being the best of three systems in this regard. A five point
increase in APACHE II score associated with a 1.8 times
increase in mortality. A similar trend was seen in the ROC
curves as well, although the difference was not statistically
significant. In a recent study Nevins and Epstein21 have also
shown that the APACHE II associated comorbidities predicted
a poorer outcome for COPD patients requiring mechanical
ventilation. The reasons for the APACHE III score not
performing as well as the APACHE II score are not clear. The
possible reasons could be (1) arterial pH is not included in the
APACHE III scoring system. This has been shown to have a
significant predictive value22–24 especially as many of our
patients have sepsis and (2) additional variables in the
APACHE III such as bilirubin and glucose may not have any
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bearing on the population studied but seem to decrease its
predictive value in our patient population. The APACHE II
scores are much easier to calculate and apply than the APACHE
III scores. The reason for comparing both was that if both were
found equivalent or APACHE II found better than APACHE III
(as was the case) then this easier to calculate scoring system
(APACHE II) would be adapted for use.
As seen in table 5 the APACHE II score of 22 can be used as
a cut off score in the ICU setting to predict mortality. The
analysis shows that this score has a likelihood ratio of 2.00, a
positive predictive value of 83%, and a negative predictive
value of 52%. Thus this score can be used to ‘‘rule in’’ a higher
mortality. In the ICU context this score, which has a
comparatively high sensitivity in predicting mortality, will
be useful to guide the physician in decisions prognosis.
In conclusion we have noted that the type of respiratory
failure, the use of inotropes, and APACHE II score, are the
important independent predictive factors that determine
outcome of patients on mechanical ventilation. These data
will be a valuable aid to clinicians and relatives of patients on
mechanical ventilation in deciding on the probable outcome
and on management decisions.
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