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Objective: To compare the validity of the Multiple Organ Dysfunction Score (MODS), Sequential Organ
Failure Assessment (SOFA), and Logistic Organ Dysfunction Score (LOD) for predicting ICU mortality of Thai
critically ill patients.

Material and Method: A retrospective study was made of prospective data collected between the 1% July 2004
and 31% March 2006 at Songklanagarind Hospital.

Results: One thousand seven hundred and eighty two patients were enrolled in the present study. Two hundred
and ninety three (16.4%) deaths were recorded in the ICU. The areas under the Receiver Operating Curves
(AUC) for the prediction of ICU mortality the results were 0.861 for MODS, 0.879 for SOFA and 0.880 for LOD.
The AUC of SOFA and LOD showed a statistical significance higher than the MODS score (p = 0.014 and
p = 0.042, respectively). Of all the models, the neurological failure score showed the best correlation with
ICU mortality.

Conclusion: All three organ dysfunction scores satisfactorily predicted ICU mortality. The LOD and neuro-

logical failure had the best correlation with ICU outcome.
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Multiple organ dysfunction is defined as the
presence of altered organ function in acutely sick
patients. Multiple organ failure is the leading cause of
morbidity and mortality in patients admitted to an
intensive care unit (ICU)®*, The ICU mortality rate
has been correlated with the number of organ failures
and the degree of organ dysfunction®?. There are
several studies that have shown that the major cause
of death is not the underlying disease, but rather the
result of progressive multiple organ dysfunction(®19,
The assessment of organ dysfunction may provide
important information for inter-ICU comparison, clas-
sifying patients for enrollment in clinical trials and
clinical decision- making®),
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The most commonly used organ dysfunction
scoring systems are the Multiple Organ Dysfunction
Score (MODS), the Sequential Organ Failure Assess-
ment (SOFA), and the Logistic Organ Dysfunction
Score (LOD). MODS was based on a literature review
by Marshall et al® with a score system from 0 to 4
based on six organ failures (cardiovascular, respira-
tory, hematologic, liver, renal, and neurological sys-
tems). The SOFA score was devised by Vincent et al®
who scored the six organ failures in the same way as
the MODS, but with a difference in criteria for each
parameter such as the cardiovascular system. The
LOD model has been introduced by Le Gall etal™ and
uses a multiple logistic regression analysis on a large
database. The six organ failures of the LOD are then
defined and the statistical model gives a 0-5 point
weighting to each dysfunction.

MODS, SOFA, and LOD organ dysfunction
scores have been used in several clinical studies. The
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reliability of initial and serial of the organ dysfunction
scores as an outcome predictor have been demon-
strated in critically ill patients®319,

There was no study focusing on a compari-
son of these three organ dysfunction scores under-
taken in respect of prediction of ICU mortality in
Thailand. The aim of the present study was to evaluate
their comparability and discriminative power for
predicting ICU mortality in a tertiary mixed medical-
surgical ICU of referral university hospital.

Material and Method
Patients and setting

The present study was performed in the
ICU of Songklanagarind Hospital, an 800-bed tertiary
referral university teaching hospital at the Prince of
Songkla University, Songkhla, Thailand. In the present
hospital, there are two units in the adult ICU: a ten-bed
surgical ICU and a ten-bed mixed medical and coronary
care unit.

Data collection

All data were collected concurrently for con-
secutive ICU admissions, over a 21 month period from
July1s 2004 to March 31 2006. The data for the project
were then retrospectively reviewed from prospectively
collecting data for the Severity Scoring Systems and
Organ Dysfunction Scores. Patients who were excluded
from the present study included those who were
younger than 15 years of age, suffered burn injuries,
had not received attempted cardiac resuscitation, were
withdrawn from treatment, died within four hours of
admission to the ICU or who stayed in the ICU less
than 24 hours. If patients 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 Ethics Committee.

The following data were collected as defined
according to Knaus et al: basic demographic charac-
teristics, which included sex and age, the presence of
any chronic illness, and principal diagnostic category
leading to ICU admission®, The ICU, hospital length
of stay (LOS) and lead time (the interval from hospital
admission to ICU admission) were calculated. Patients
were followed up until they were discharged from
the ICU and hospital in order to register their survival
status.

Organ Dysfunction Scores

The poorest physiological values of each
organ failure in the 24 hours following ICU admission
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were used for the authors’ calculations as outlined
in the original literature® ™. For patients who were se-
dated, a Glasgow Coma Score (GCS) was determined
either from their medical records before sedation or
through interviewing the physician who ordered the
sedation. However, if a variable could not be measured
the GCS assumed to be normal. The MODS cardiovas-
cular component was scored as 0 if a central venous
pressure line was not performed®. Acute Physiology
and Chronic Health Evaluation I (APACHE 1) and Sim-
plified Acute Physiology Score I (SAPS I1) was calcu-
lated as described in the original literature reviewed
for the present study@®2b,

Statistical analysis

Stata 7 software (Stata Corporation, College
Station Tx, USA) was used for statistical analysis. Data
are presented as mean + SD, when indicated. Student’s
t test and Wilcoxon’s rank sum test were used to com-
pare normally distributed continuous variables and non-
parametric data, respectively. Chi-square statistic was
used to test for the statistical significance of categori-
cal variables. A p-value less than 0.05 was considered
statistically significant. The ability of the models for
predicting ICU mortality were determined by examin-
ing their discrimination power, which was tested by
examining the graph of the area under the Receiver
Operating Characteristics curve (AUC), computed by
a modification of the Wilcoxon statistic, as described
by Hanley and McNeil®?>?», The agreement of the total
scores of the MODS, SOFA, and LOD was evaluated
statistically with the Pearson’s correlation coefficients.

Results

During the study period, data were collected
on 1,782 patients. Overall, 293 patients (16.4%) died in
the ICU and 392 patients (22%) died in the hospital
before discharge.

The patients’ demographic characteristics,
type of admission, general diagnostic categories, and
chronic illness of the presented patients are shown in
Table 1. The severity of patients’ illness was assessed
by APACHE Il and SAPS 11, and the organ dysfunction
score of the MODS, SOFA, and LOD are shown in
Table 2.

The MODS, SOFA, and LOD scores ranged
0-19, 0-20, and 0-22, respectively. The distribution of
scores in the presented population is summarized in
Fig. 1. Half the patients had a MODS score of 0-4,
whereas the figure was 48.1% for the SOFA score and
57.3% for the LOD score. An increase in all the values
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Table 1. Demographic and clinical characteristics of 1,782 patients in this study

All Survivors Non-survivors p-value
(n=1,782) (n=1,489) (n=293)
N (%) N (%) N (%)
Age (years) 56.0 + 17.9 55.7+17.9 55.3+19.1 0.106
Male 1,029 (57.7) 570 (56.7) 184 (59.3) 0.622
Type of admission
Medicine 978 (54.9) 750 (50.4) 228 (77.8) <0.001
Surgery, scheduled 512 (28.7) 498 (33.4) 14 (4.8) <0.001
Surgery, unscheduled 292 (16.4) 241 (16.2) 51 (17.4) 0.606
Categories of diseases
Non-operative
Respiratory disease 100 (5.6) 94 (6.3) 6 (2) 0.004
Coronary artery disease 252 (14.1) 238 (16) 14 (4.7) <0.001
Others Cardiovascular 225 (12.6) 151 (10.1) 74 (25.2) <0.001
Sepsis 295 (16.6) 178 (12) 117 (39.9) <0.001
Neurologic disease 31(1.7) 29 (2) 2 (0.6) 0.13
Gastrointestinal disease 43 (2.4) 28 (1.9) 15 (5.1) 0.001
Other 32(1.9) 32(2.1) 1(0.3) 0.008
Post-operative disease
Post-CABG 80 (4.3) 76 (5.1 4 (1.4) 0.005
Post cardiac surgery 213 (11.9) 199 (13.4) 14 (4.8) <0.001
Brain and spinal cord 160 (9) 147 (9.9) 13 (4.4) 0.003
Gastrointestinal 116 (6.5) 107 (7.2) 9(3.1) 0.121
Other 235(13.2) 210 (14) 25(8.5) 0.001
Chronicillness
Liver cirrhosis 26 (1.46) 16 (1.1) 10 (3.4) 0.002
Severe COPD 15 (0.84) 10 (0.7) 5(1.7) 0.076
Chronic renal failure 31(1.7) 21 (1.4) 10 (3.4) 0.017
Heart failure class IV 5(0.3) 0(0) 5(1.7) <0.001
Hematologic malignancy 67 (3.8) 35(2.4) 32 (10.9) <0.001
Metastasis carcinoma 46 (2.6) 28 (1.9) 18 (6.1) <0.001
Immunocompromised 43 (2.4) 25(1.7) 18 (6.1) <0.001
AIDS 21(1.2) 17 (1.1) 4 (1.4) 0.746
None of the above 1,528 (85.8) 1,337 (89.8) 191 (65.2) <0.001

CABG, coronary artery bypass graft; COPD, chronic obstructive pulmonary disease; AIDS, acquired immune deficiency
syndrome

Table 2. Severity scores, organ dysfunction scores and length of stay of patients in this study

All Survivors Non-survivors p-value
(n=1,782) (n=1,489) (n=293)

APACHE I 179+ 95 153+7.1 31.1+94 <0.001
SAPS I 39.2+20 34.0+15.0 66.0 + 20.8 <0.001
MODS 54+4 44+33 10.1+3.9 <0.001
SOFA 52+41 45+34 10.7 + 3.9 <0.001
LOD 48+39 38+28 10.2+4.5 <0.001
ICU LOS (day)* 2 (1-5) 2 (1-4) 2 (1-6) 0.955
Hospital LOS (day)* 15.5 (8-29) 17 (10-31) 5 (2-15) <0.001
Lead time (day)* 1 (0-5) 1 (0-5) 0 (0-4) 0.025

* Median (interquartile range)

APACHE Il, Acute Physiology and Chronic Health Evaluation 11; SAPS Il, Simplified Acute Physiology Score 11; MODS,
Multiple Organ Dysfunction Score; SOFA, Sequential Organ Failure Assessment; LOD, Logistic Organ Dysfunction Score;
LOS, length of stay
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Fig. 1 Distribution of the three organ dysfunction scores for the entire study population
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Fig. 2 Correlation of the three organ dysfunction scores with ICU mortality

for the organ dysfunction score models was strongly
associated with ICU mortality (Fig. 2). No deaths oc-
curred in patients with SOFA and LOD scores of 0;
however, the patients with MODS score of 0 did show
an ICU mortality of 1.6%. The ICU mortality rate was
100% for the patients with LOD scores above 17 and
80% and 86.7% for those patients with MODS and
SOFA scores between 16-19 and 16-20, respectively.
The AUC of the MODS, SOFA, and LOD with
an individual organ dysfunction score are given in
Table 3. The discrimination of all the models as a pre-
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dictor of ICU death was good with the LOD score
showing the best results. The neurological score of all
models are a good predictor for ICU mortality but the
hepatological and hematological scores were found to
be less closely associated with ICU mortality. The AUC
of APACHE Il and SAPS 11 scores are better than all
the organ dysfunction scores (AUC =0.913 and 0.895,
respectively).

The AUC of SOFA and LOD showed a statis-
tical significance higher than the MODS score (p =
0.014 and p = 0.042, respectively). However, there are
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Fig. 3 Comparison of the areas under the receiver operating characteristics curves for the prediction of ICU mortality

Table 3. Areas under the receiver operating characteristics
curve (AUC) and 95% confidence interval (Cl) for
each organ dysfunction scores and subscores as
predictors of ICU mortality

Scores AUC 95% ClI
MODS total score 0.861 0.837-0.884
MODS cardiovascular score 0.726  0.692-0.759
MODS pulmonary score 0.710 0.675-0.745
MODS renal score 0.659 0.624-0.693
MODS hepatological score 0.539 0.501-0.576
MODS neurological score 0.839 0.811-0.867
MODS hematological score 0.632  0.594-0.670
SOFA total score 0.879  0.858-0.899
SOFA cardiovascular score 0.756  0.724-0.788
SOFA pulmonary score 0.725 0.691-0.758
SOFArenal score 0.678 0.643-0.712
SOFA hepatological score 0.539 0.502-0.577
SOFA neurological score 0.840 0.812-0.868
SOFA hematological score 0.623  0.585-0.662
LOD total score 0.880  0.858-0.902
LOD cardiovascular score 0.772  0.742-0.802
LOD pulmonary score 0.704  0.672-0.737
LOD renal score 0.727  0.694-0.760
LOD hepatological score 0.563  0.526-0.600
LOD neurological score 0.822  0.791-0.852
LOD hematological score 0.590 0.551-0.628
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no differences between the AUC of the SOFA and
LOD scores (p =0.843) (Fig. 3).

Pearson’s correlation coefficients for the
total scores were 0.905 for MODS and SOFA (p <0.001),
0.798 for MODS and LOD (p <0.001) and 0.83 for SOFA
and LOD (p<0.001).

Discussion

The assessment of morbidity during ICU stay
may provide important information about a patients’
illness, their response to treatment and describe the
patient population in clinical trials better than the cur-
rent severity scoring systems. The MODS, SOFA, and
LOD are the popular models in common use through-
out the world for organ dysfunction assessment. These
scores were designed using different methods as pre-
viously discussed above. The MODS score records
the worst value of the whole ICU stay for each dys-
function but the SOFA and LOD scores use the worst
value for each day®™. It is important to note the SOFA
score was specifically designed to describe morbidity
and it includes several therapeutic variables such as
inotropic therapy. The LOD score was designed as a
tool for evaluation the probability of mortality based
on organ dysfunction on the day of ICU admission,
not for measuring the severity of each organ dysfunc-
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tion continuously™. Nevertheless, the three organ
dysfunction scores have many similarities that include
the same six organ systems, range of scores and proven
power in predictions for ICU mortality in critically ill
patients31519),

In the present study, the authors have evalu-
ated the ability of the MODS, SOFA, and LOD scores
to predict ICU mortality in a case-mix of Thai adult
ICU patients. The present results showed that the
MODS, SOFA, and LOD correlated well with the out-
come in terms of predicting ICU mortality. A model’s
discrimination (the ability of the model to distinguish
patients who die from those who survive) was assessed
by numerically examining the AUC. AnAUC of one isa
perfect discrimination and an AUC of 0.5 is a random
chance. The model has good discrimination when AUC
> 0.8 and excellent for AUC > 0.9. All the models gave a
good discrimination; the LOD had the best AUC. The
AUC in the present study were similar or better than
other reports have suggested such as Bota et al®®
who reported results of initial MODS and SOFA
scores of 0.856 and 0.872 and Timsit et al*® who found
0.720 and 0.726 for day one of their SOFA and LOD
scores, while Pettuila et al®” found scores of 0.695,
0.776 and 0.805 for day-1 of the MODS, SOFAand LOD
respectively and Ferreira et al reported 0.79 for the
initial SOFA score®. The AUC for the original MODS
and LOD were 0.928 and 0.843, respectively®™.

The sub-score for the neurological failure
gave the best correlation with ICU mortality through
cardiovascular and pulmonary failure. This, however,
is different from a previous report that showed that
cardiovascular score had the best AUC, whereas the
neurological score was the worst AUC®3, The reason
for this discrepancy is unclear, but it may relate to dif-
ferences of data definition and collection and the use
of case-mix patients.

The AUC for all the organ dysfunction models
has less than severity scoring systems because all of
these scores were developed primarily to assess the
severity of organ failure rather than predict mortality,
as with the APACHE 11 and SAPS 11 systems. Never-
theless, all these organ dysfunction scores have been
demonstrated to predict ICU mortality, with the best
AUC being: AUC >0.8.

Organ dysfunction failure is a dynamic pro-
cess and the degree of dysfunction may vary with
time and treatment®?. Serial or repetitive assessment
of organ dysfunction scores allow for a more effective
representation of an outcome prediction than does a
single measurement®*?), Several papers have reported
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that maximum, mean or delta scores demonstrated a
better correlation with mortality than did an initial or
first 24 hrs dysfunction score each organ®41517.19),

The authors used the ICU mortality statistic
as the primary outcome for evaluating the validity of
organ dysfunction scores for several reasons. Firstly,
most of the patients who die in the hospital from
multiple organ dysfunction failure do so in the ICU.
Second, the most common cause of death in the ICU is
multiple organ failure®®. Finally, hospital mortality is
influenced by many factors that occur from discharge
from the ICU. Our ICU mortality rate (16.9%) is lower
than those previously reported (18.5-22.7%)©517, This
discrepancy may be due to a difference: in case-mix,
in severity of patient’s illness, in ICU performance, and
quality of care.

The present study does have some limitations.
First, through studying only a single centre it places
limitations on the case-mix and quality of ICU care.
Secondly, evaluation of a single assessment of organ
dysfunction scores after the first 24 hrs of ICU admis-
sion may not be so accurate. In Thai ICUs, it would be
better to make serial measurements for the evaluation
of organ dysfunction scores for predicting the out-
come in critically ill patients.

In conclusion, the first 24 hrs score of the
MODS, SOFA, and LOD are reliable for predicting ICU
mortality in critically ill, Thai patients. The LOD score
and neurological score of all models are the best dis-
crimination outcome.
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