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Abstract. The Logistic Organ Dysfunction score (LOD) is an organ dysfunction score that can
predict hospital mortality. The aim of this study was to validate the performance of the LOD
score compared with the Acute Physiology and Chronic Health Evaluation II (APACHE II) score
in a mixed intensive care unit (ICU) at a tertiary referral university hospital in Thailand. The data
were collected prospectively on consecutive ICU admissions over a 24 month period from
July1, 2004 until June 30, 2006. Discrimination was evaluated by the area under the receiver
operating characteristic curve (AUROC). The calibration was assessed by the Hosmer-
Lemeshow goodness-of-fit H statistic.  The overall fit of the model was evaluated by the Brier’s
score. Overall, 1,429 patients were enrolled during the study period. The mortality in the ICU
was 20.9% and in the hospital was 27.9%. The median ICU and hospital lengths of stay were
3 and 18 days, respectively, for all patients. Both models showed excellent discrimination. The
AUROC for the LOD and APACHE II were 0.860 [95% confidence interval (CI) =0.838-0.882]
and 0.898 (95% CI=0.879-0.917), respectively. The LOD score had perfect calibration with the
Hosmer-Lemeshow goodness-of-fit H chi-2=10 (p=0.44). However, the APACHE II had poor
calibration with the Hosmer-Lemeshow goodness-of-fit H chi-2=75.69 (p<0.001). Brier’s score
showed the overall fit for both models were 0.123 (95%CI=0.107-0.141) and 0.114 (0.098-
0.132) for the LOD and APACHE II, respectively. Thus, the LOD score was found to be accu-
rate for predicting hospital mortality for general critically ill patients in Thailand.

1996). Therefore, scores which describe MOD
should be able to assess and describe mor-
bidity as well as mortality. There are several
organ dysfunction scores, such as the Mul-
tiple Organ Dysfunction score (MOD) (Marshall
et al, 1995) and Sequential Organ Failure As-
sessment (SOFA) (Vincent et al, 1996), that
describe organ dysfunction and predict mor-
bidity in critically ill patients. The logistic or-
gan dysfunction score (LOD) differs from other
organ failure scores in that it also allows cal-
culation of predicted hospital mortality based
on organ dysfunction on the day of ICU ad-
mission. Severity scores and organ dysfunc-
tion scores are used in many areas with criti-
cally ill patients, such as clinical research, to
demonstrate equivalency between studied and

INTRODUCTION

In critical care, there are several severity
scoring systems that have been developed to
calculate scores and hospital outcome. The
Acute Physiology and Chronic Health Evalua-
tion II (APACHE II) score is a popular severity
scoring system (Knaus et al, 1985). Multiple
organ dysfunction (MOD) is one of the leading
causes of death in intensive care unit (ICU)
patients (Tran et al, 1993; Zimmerman et al,
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control patients, clinical decision making, and
resource allocation (Teres, 2004; Le Gall,
2005). Good discrimination using APACHE II
has been found in several studies, however,
most of these studies reported poor calibra-
tion (Rowan et al, 1993; Moreno and Morais,
1997; Tan, 1998; Katsaragakis et al, 2000;
Livingston et al, 2000; Arabi et al, 2002;
Harrison et al, 2006). The LOD score is easy
to use and calculate for predicting hospital
mortality and previous studies have reported
good discrimination (Le Gall et al, 1996;
Metnitz et al, 2001; Pettila et al, 2002; Timsit
et al, 2002). It was not clear, however, to what
extent these findings could be extrapolated
to ICU patients in different ICUs or in different
countries (Le Gall, 2005). Before applying se-
verity scoring systems in a specific country or
different type of ICU, their prognostic perfor-
mance must be validated (Le Gall, 2005).

The aim of this study was to evaluate the
ability of the LOD score, compared with
APACHE II score, to predict hospital mortality
in a mixed ICU at a tertiary referral university
hospital in southern Thailand.

MATERIALS AND METHODS

This study was carried out in Songkla-
nagarind Hospital, an 800-bed tertiary referral
university teaching hospital at Prince of Songkla
University, Hat Yai, Songkhla, Thailand. In our
hospital, there are two units in the adult ICU: a
ten-bed surgical ICU and a ten-bed mixed
medical and coronary care unit. The surgical
ICU serves all postoperative and trauma pa-
tients.

Data collection took place over a 24
month period from July1, 2004 until June 30,
2006. All the data were collected concurrently
from consecutive ICU admissions. Patients
who were excluded from this study included
those who: were younger than 15 years of age,
had coronary artery disease and cardiac sur-
gery cases, suffered burn injuries, had not re-

ceived attempted cardiac resuscitation, died
within four hours of ICU admission or who
stayed in the ICU less than 24 hours. If pa-
tients had been admitted more than once to
the ICU during the study period, only the first
admission was included. Approval for the
project was obtained from the faculty’s Ethics
Committee.

The following data were collected accord-
ing to Knaus et al (1985): basic demographic
data including sex, age, the presence of any
comorbidities and the principal diagnostic
categories leading to ICU admission. In se-
dated patients, a Glasgow Coma Score (GCS)
was determined either from medical records
before sedation or through interviewing the
physician who ordered the sedation. However,
if a variable could not be measured the GCS
was assumed to be normal (Le Gall et al,
1996). The predicted hospital mortality was
calculated using the original formulas for the
APACHE II and LOD scores (Knaus et al, 1985;
Le Gall et al, 1996). Patients were followed
up until hospital discharge in order to register
their survival status.

Data are presented as mean±SD, when
indicated. Student’s t-test and Wilcoxon’s rank
sum test were used to compare normally dis-
tributed continuous variables and nonpara-
metric data, respectively. The chi-squared sta-
tistic was used to test for the statistical sig-
nificance of categorical variables. A p-value
of less than 0.05 was considered statistically
significant.

The ability and accuracy of the models
to predict the hospital mortality were deter-
mined by examining their discrimination (the
ability of the model to distinguish survivors
from non-survivors), calibration (the accuracy
of the estimated probability of survival) and
overall fit. The discrimination was tested
through the area under the receiver operating
characteristic (AUROC) curve that was com-
puted by a modification of the Wilcoxon sta-
tistic as described by McNeil and Hanley
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(1984) and also a 2x2 classification table. An
AUROC of one was perfect discrimination and
an AUROC of 0.5 was random chance. The
model has good discrimination when AUROC
>0.8. The Hosmer-Lemeshow goodness-of-
fit H statistic was used to evaluate calibration
(Hosmer et al, 1997). Patients were rank-or-
dered into ten groups according to their prob-
ability of death to calculate the H statistic. A
good fit was defined as p>0.05. A calibration
curve was constructed by plotting the pre-
dicted mortality rate stratified by 10% inter-
vals of mortality against the observed mortal-
ity rates. The overall fit of the model was as-
sessed by Brier’s score (Harrison et al, 2006).
Brier’s score was developed in relation to
metrological forecasting, as an overall mea-
sure of accuracy. It is the mean square error
between outcome and prediction. For perfect
prediction, the Brier’s score will be 0; for con-
stant predictions of 0.5, each individual Brier’s
score will be 0.25. Statistical analysis was
performed using Stata 7 software (Stata Cor-
poration, College Station, Tx, USA).

RESULTS

A total of 1,429 patients were including
during the study period. Overall, 299 patients
(20.9%) died in the ICU and 399 patients
(27.9%) died in the hospital. The patients’
demographic characteristics, diagnostic cat-
egories and APACHE comorbidities for the
patients are shown in Table 1. In comparison
to patients who survived, the patients who
died were nonoperative, post-cardiac arrest,
had sepsis, gastrointestinal disease or patients
with comorbidities. The survivor group had sig-
nificantly more respiratory problems, were
postoperative and no comorbidities. Age, gen-
der and patients with neurological disease
were not significantly different between the
survivor and non-survivor groups. Severity of
patient illness was assessed by the LOD score,
APACHE II score and LOS for both the ICU
and the hospital are shown in Table 2.

The receiver operating characteristic
(ROC) curves for both systems are shown in
Fig 1. The AUROC for the LOD score was
0.860 (95% CI=0.838-0.882), and was 0.898
(95% CI=0.879-0.917) for the APACHE II
score. The AUROC for the APACHE II score
showed a significantly higher prediction rate
than the LOD score did (p<0.001). The results
of the 2x2 classification table for the LOD and
APACHE II score are shown in Table 3.

Parameters No. (%)

Male 794 (55.6)
Operative status
Nonoperation 836 (58.5)
Elective operation 306 (21.4)
Emergency operation 287 (20.1)
Categories of diseases
Non-operative

Respiratory disease 110 (7.7)
Cardiovascular disease 218 (15.3)
Post-cardiac arrest 57 (4.0)
Sepsis 322 (22.5)
Neurological disease 37 (2.6)
Gastrointestinal disease 50 (3.5)
Other 42 (2.9)

Post-operative disease
Brain and spinal cord 193 (13.5)
Gastrointestinal 124 (8.7)
Other 276 (19.3)

APACHE comorbidities
Liver cirrhosis 30 (2.1)
Severe COPD 15 (1.1)
Chronic renal failure 28 (1.9)
Heart failure class IV 4 (0.3)
Hematologic malignancy 76 (5.3)
Metastasis carcinoma 48 (3.4)
Immunocompromised 46 (3.2)
AIDS 25 (1.8)
None of the above 1,157 (80.9)

Table 1
Demographic and clinical characteristics of

patients in the study.

COPD = Chronic obstructive pulmonary disease;
AIDS = Acquired immune deficiency syndrome
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six groups of patients and overestimated mor-
tality in other strata. The APACHE II score over-
estimated predicted mortality in all strata ex-
cept at predicted hospital deaths more than
80%. The Brier’s score showed an overall fit
for both models of 0.123 (95%CI=0.107-
0.141) and 0.114 (0.098-0.132) for the LOD
and APACHE II scores, respectively.

DISCUSSION

This study, evaluated the validity of the
LOD score compared to the APACHE II score
to accurately predict hospital mortality in a Thai
adult mixed-case ICU. The results show that
both models had excellent discrimination and
overall fit. However, only the LOD score had
perfect calibration in predicting hospital
deaths.

The discrimination of the APACHE II score
was slightly better than the LOD score. The
ability for both models to correctly predict
group prognosis was also assessed by means
of a 2x2 decision table. The results show the
highest correct classification was obtained
with a decision criterion of 50% for both mod-
els. The APACHE II score had a slightly higher

All Survivors Non-survivors p-value
(n = 1429) (n = 1030) (n = 399)

Age (years) 54.7±18.9 54.6±18.9 55.2±19.1 0.585
LOD score 5.3±4.3 3.7±2.8 9.5±4.5 <0.001
Acute physiologic score 15.9±9.4 12.4±6.3 25.4±9.5 <0.001
APACHE II score 19.7±9.9 15.7±6.9 29.9±9.5 <0.001
LOD prediction of hospital death (%) 29.4±28.7 18.3±18.0 58.1±31.2 <0.001
APACHE II prediction of hospital death (%) 35.5±29.3 23.1±19.8 67.4±25.3 <0.001
ICU LOS (day)a 3 (1-5) 3 (2-5) 3 (1-6) 0.719
Hospital LOS (day)a 18 (9-34) 21 (12-36) 8 (2-23) <0.001

Table 2
LOD and APACHE II scores, predicted risk of hospital death and LOS of patients in this study.

aMedian and interquartile range; LOD = Logistic Organ Dysfunction; APACHE II = Acute
  Physiology and Chronic Health Evaluation II; LOS = length of stay

APACHE II AUROC = 0.898 

LOD AUROC = 0.860 

Reference

S
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Fig 1–Receiver Operating Characteristic Curves
(ROC) for LOD and APACHE II systems.

The LOD score showed a good fit, the
Hosmer-Lemeshow goodness-of-fit H chi-
2=10 (p=0.44). In contrast, the APACHE II
score had a Hosmer-Lemeshow goodness-of-
fit H chi-2= 75.69 (p<0.001). These findings
indicated a significant lack of fit for the
APACHE II score. Calibration curves for the
LOD and APACHE II scores are shown in Fig
2. Overall, the calibration curve for observed
mortality for the LOD score predicted mortal-
ity similar to the APACHE II score. The LOD
score curve accurately predicted mortality in
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overall percentage of correct classification at
the decision criterion of 50% than the LOD
score. However, the LOD score had a higher
overall correct classification at a decision cri-
terion of both 10% and 90% than did the
APACHE II score. Other reports showed a
lower correct classification of the APACHE II
system, ranging from 77-85.5% (Rowan et al,
1993; Moreno and Morais, 1997; Tan, 1998;
Katsaragakis et al, 2000; Arabi et al, 2002).
There are no previous reports of the overall
correct classification for the LOD score. The

AUROC for both the scores in our study was
higher than that found in previous reports.
Previous reports showed an AUROC for the
APACHE II score as 0.839 (standard error
0.02) in Greece (Katsaragakis et al, 2000),
0.787 (standard error 0.015) in Portugal
(Moreno et al, 1997), 0.88 in Hong Kong (Tan,
1998), 0.83 in Saudi Arabi (Arabi et al, 2002),
0.805 in Scotland (Livingston et al, 2000), 0.83
in England and Ireland (Rowan et al, 1993) and
0.804 (95%CI=0.802-0.806) in England
(Harrison et al, 2006). The AUROC for the ini-

Predicted to live Predicted to die Predicted to live Predicted to die
(n) (n) (n) (n)

Decision criterion 10%
Observed survivors 436 594 349 681
Observed non-survivors 23 376 10 389
Sensitivity 94.24 (91.48-96.31) 97.49 (95.44-98.79)
Specificity 42.33 (39.29-45.41) 33.88 (30.99-36.87)
Positive predictive value 38.76 (35.68-41.91) 36.36 (33.47-39.32)
Negative predictive value 94.99 (92.58-96.71) 97.71 (95.55-99.01)
Overall correct classification 56.82 (54.21-59.41) 51.64 (49.02-54.26)
Decision criterion 50%
Observed survivors 932 98 901 129
Observed non-survivors 141 258 99 300
Sensitivity 64.68 (59.75-69.35) 75.19 (70.65-79.35)
Specificity 90.44 (86.53-92.21) 87.48 (85.30-89.44)
Positive predictive value 72.47 (67.52-77.05) 69.93 (65.35-74.24)
Negative predictive value 86.86 (84.69-88.82) 90.10 (88.08-91.88)
Overall correct classification 83.24 (81.16-85.11) 84.04 (82.04-85.91)
Decision criterion 90%
Observed survivors 1,025 5 1,028 2
Observed non-survivors 288 111 306 93
Sensitivity 27.73 (23.48-32.50) 23.31 (19.25-27.78)
Specificity 99.52 (98.87-99.84) 99.81 (99.30-99.98)
Positive predictive value 95.69 (90.23-98.59) 97.87 (92.60-99.74)
Negative predictive value 78.07 (75.73-80.28) 77.06 (74.71-79.29)
Overall correct classification 79.50 (77.31-81.56) 78.17 (75.93-80.28)

Table 3
Classification table of the LOD and APACHE II systems.

In parenthesis are 95% CI; LOD = Logistic Organ Dysfunction; APACHE II = Acute Physiology and Chronic
Health Evaluation II

LOD APACHE II
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tial LOD score in other reports was 0.726-
0.805 (Pettila et al, 2002; Timsit et al, 2002)
and 0.843 in the original LOD system (Le Gall
et al, 1996). Thus, both the LOD and APACHE
II scores are able to discriminate outcomes in
Thai ICU patients.

In this study only the LOD score accu-
rately predicted hospital mortality. Overall, the
poor calibration of the APACHE II score was
the same as other previous studies (Moreno
et al, 1997; Tan, 1998; Katsaragakis et al,
2000; Arabi et al, 2002). Nevertheless, the
sample size had a major influence on the mea-
sured calibration when using the Hosmer-

Lemeshow goodness-of-fit test (den Boer et
al, 2005):  small samples result in an appar-
ently good fit and large sample result in a poor
fit (Rowan et al, 1994; Zhu et al, 1996).

Potential reasons for the poor calibration
may include: data collection and definitions,
differences in the case-mix compared with
other studies and the quality and policies of
our ICU. The reliability of the data collected is
important because poor data may influence
predictions of mortality. Holt et al (1992)
showed the main cause of data error in the
APACHE II score is the inconsistent choice
between the highest and lowest values for the
acute physiologic score and the GCS. The
variability of GCS determination in sedated
patients may affect the predicted death in both
models. Similar to other studies of the LOD
score, we used the pre-sedation GCS in pa-
tients (Le Gall et al, 1996). The number and
type of missing physiological variables might
affect the prediction of mortality (Afessa et al,
2005). In this study, missing physiological vari-
ables were found for only 5.5% of APACHE II
score compared to 13% of the cases in the
original APACHE II model (Knaus et al, 1985),
and none for the LOD score. All data collec-
tion was performed by a single research as-
sistant and rechecked by the author. There-
fore, the influence of data collection and defi-
nitions probably had minimal effect on the
calibration for both models. The potential dif-
ference in case-mix between our database
and the development database may have
negative impact on calibration assessment.

This study had some limitations. First, as
a single center study there may be bias con-
cerning the case-mix, quality of ICU care and
ICU policy. Secondly, the relatively small
sample size was a relevant limiting factor in
performing stratified analysis of calibration for
both models. A multicenter study would have
given fewer concerns over the case-mix and
a better sample size. Finally, a single assess-
ment of severity score and organ dysfunction
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Fig 2–Calibration curves for LOD and APACHE II
systems.
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score within the first 24 hours of ICU admis-
sion is not accurate in patients with a long ICU
stay. The severity score showed an accept-
able accuracy only in patients with a brief ICU
stay (Lemeshow et al, 1994; Sicignano et al,
1996).

In conclusion, this study demonstrates
the LOD and APACHE II scores show excel-
lent discrimination and overall fit; however, only
the LOD score had a perfect calibration. Thus,
the LOD score is suitable for predicting hos-
pital mortality in general critically ill patients in
a Thai ICU. Periodic reassessment is benefi-
cial to ensure calibration is maintained.
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