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Abstract Background and aim: The
multiple organ failure (MOF) score
published by Goris et al. in 1985 was
one of the first attempts to quantify
severity of organ dysfunction and
failure based on expert opinion in
surgical intensive care unit patients.
Fifteen years later a reassessment of
this score is mandatory. Patients and
methods: Daily MOF scores were
documented in patients admitted to
the surgical ICUs in Nijmegen (NL)
and Cologne (D). Patients with an
ICU stay ≤3 days were excluded. 
Organ dysfunction (1 point) and or-
gan failure (2 points) were recorded
for the following organ systems:
lung, heart, kidney, liver, blood, gas-
trointestinal tract (GI), and central
nervous system (CNS). Maximum
scores were computed, and logistic
regression analysis was used to opti-
mize point weights for each organ
system. Predictive power was ana-
lyzed using receiver operating char-
acteristic (ROC) curves. Results: In
all, 147 patients, mean age 56 years,
were included with a total of 2,354

observation days. Hospital mortality
was 30.6%. GI failure was present
on only 3.3% of days, without im-
pact on mortality. Valid evaluation of
CNS was impossible in most cases
due to sedation and ventilation. Re-
weighting of the score items re-
vealed only marginal improvements
in prediction. Mortality consistently
increased with increase in number of
failed organs. This phenomenon was
even more pronounced in older pa-
tients, e.g., 55% mortality (age≥60)
versus 0% (age<60) with two failing
organs. Conclusion: Due to problems
in definition and assessment (reli-
ability) CNS and GI should not be
considered in future assessments of
the MOF score. The original point
weights in the remaining five organ
systems provide a valid and reliable
risk stratification, at least in surgical
ICU patients.
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Revision of the multiple organ failure score

Introduction

Organ dysfunction and failure is a leading cause of mor-
bidity and mortality in intensive care. Monitoring organ
function is thus part of everyday routine in the intensive
care unit (ICU). This practice is also an important means
for measuring outcome in research projects, clinical tri-
als, and quality assessment programs. But a valid com-
parison of organ function among different patients, dif-

ferent hospitals, or even different disciplines requires the
common use of a simple and reliable assessment of the
patient’s situation. Score systems that translate a com-
plex clinical situation into a one dimensional point value
have proven to be a helpful tool in these situations.

The multiple organ failure (MOF) score, published in
1985 by Goris et al. [1], was one of the first attempts to
objectively quantify organ dysfunction in intensive care.
Since then, it has been applied in a variety of clinical in-
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vestigations [2, 3, 4, 5, 6, 7, 8]. Like one of the most re-
cent attempts to quantify organ failure [9], however, the
MOF score was based on the clinical judgment and the
experience of experts only. A systematic evaluation of its
validity for real patient data is necessary.

The present investigation was undertaken to answer
the question of whether the original weights of 1 point
for organ dysfunction and 2 points for organ failure (see
Table 1) still reflect the importance of the different or-
gans. Furthermore, the prospective data collection in two
independent hospitals should give information about the
reliability of the score and its components.

Materials and methods

Patients

During a 1-year period, 147 patients at risk for organ failure who
needed intensive care for more than 3 days were included in a pro-
spective observational cohort study in two centers. Fifty-three pa-
tients with at least one organ system failure were documented at the
surgical ICU of the Academisch Ziekenhuis St. Radboud in Nijme-
gen, The Netherlands (May 1995 – April 1996). The intensive care
unit of the 2nd Dept. of Surgery, University of Cologne, Germany,
included 94 patients (Nov. 1995 – Oct. 1996). Both ICUs belong to
tertiary-level surgical clinics in urban areas. Since data collection
did not influence therapeutic decisions, informed consent was not
deemed necessary. Data were collected and stored anonymously.

Most patients were admitted postoperatively. Basic characteris-
tics of the 147 patients are presented in Table 2. The mortality in
the subgroup from Nijmegen was higher since only patients who

Table 1 The multiple organ failure score. Definition of organ dsyfunction and failure according to Goris et al. [1]. PEEP positive end
expiratory pressure, BPsyst systolic blood pressure, SGOT serum glutamic oxaloacetic transaminase

Normal organ function Organ dysfunction Organ failure
0 point 1 point 2 points

Lung No mechanical ventilation Mechanical ventilation Mechanical ventilation
with PEEP≤10 and FiO2≤0.4 with PEEP >10 or FiO2 >0.4

Heart Normal blood pressure (BPsyst) BPsyst≥100 mmHg with low dose Periods with BPsyst <100 mmHg
of vasoactive drugsa and/or high dose of vasoactive drugsb

Kidney Serum creatinine <2 mg/dl Serum creatinine≥2 mg/dl Hemodialysis or peritoneal dialysis
(<150 µmol/l) (≥150 µmol/l)

Liver Normal SGOT and bilirubin SGOT≥25 units/l; SGOT≥50 units/l; bilirubin ≥6 mg/dl
bilirubin ≥2 mg/dl (≥ 34 µmol/l) (≥100 µmol/l)

Blood Normal counts Leukocytes ≥30,000; platelets Leukocytes≥60,000 or ≤2,500
≤50,000

GI tract Normal Stress ulcer, Acalculous cholecystitis Bleeding ulcer; Necrotizing enterocolitis
and/or pancreatitis; perforation
of gallbladder

CNS Normal Diminished responsiveness Severely disturbed responsiveness;
diffuse neuropathy

a Dopamine hydrochloride ≤10 µg/kg/min, or nitroglycerin of ≤20 µg/kg/min, or volume loading
b Dopamine hydrochloride >10 µg/kg/min, and/or nitroglycerin of >20 µg/kg/min

Table 2 Basic data of patients
from both centers Total Cologne Nijmegen

Patients (n) 147 94 53
Age (mean, SD) 56 (19) 56 (17) 57 (21)
Sex (% male) 60.5% 61.7% 58.5%
Diagnosis (n, %)

Gastrointestinal 64 (43%) 38 (40%) 26 (49%)
Trauma 39 (27%) 27 (29%) 12 (23%)
Vascular 23 (16%) 13 (14%) 10 (19%)
Other 21 (14%) 16 (17%) 5 (9%)

MOF scorea on admission
(Mean, SD) 3.1 (2.1) 2.6 (2.1) 4.1 (1.6)

ICU stay (mean, range)
Survivor 18 (4–73) 18 (4–73) 18 (5–45)
Non-survivor 15 (4–34) 12 (4–32) 17 (5–34)

Total number of days 2348 1442 906
Hospital mortality (n, %) 45 (30.6%) 19 (20.2%) 26 (49.1%)

a Five organs, without gastroin-
testinal tract and central ner-
vous system
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Table 3 Modified MOF scores. Results of logistic regression analysis and derived score values for organ dysfunction (OD) and organ
failure (OF) on day one (“early” MOF score, n=147), day 4 (n=147), and day 7 (“late” MOF score; n=115)

Original score Day 1 Day 4 Day 7

Coef. Score Coef. Score Coef. Score

Lung Dysfunction 1 0.5a 1 0.8 1 0.3a 0
Failure 2 1.6 2 0.9 1 1.1 1

Liver Dysfunction 1 0.7 1 0.9 1 0.9 1
Failure 2 0.0a 1 0.6 1 1.5 2

Heart Dysfunction 1 0.4a 1 0.6a 1 1.1 1
Failure 2 1.4 2 1.7 2 1.4 2

Kidney Dysfunction 1 1.9 2 1.6 2 1.6 2
Failure 2 2.1 3 0.8a 2 1.0 2

Blood Dysfunction 1 0.4a 1 0.7 1 0.6a 1
Failure 2 2.4 3 6.4a 3 7.9a 3

a The value of the standard error exeeds the magnitude of the coefficient which indicates statistical uncertainty.

actually developed organ failure during ICU stay were included.
Among the Cologne subgroup, six patients had no dysfunction or
failure of the organs considered in the MOF score during ICU stay.

Data necessary for calculating the MOF score were collected
daily from the patients’ records for a total of 2,354 observation
days by the responsible intensive care physicians. Organ dysfunc-
tion (1 point) and organ failure (2 points) were documented ac-
cording to the published criteria for the following organ systems:
lung, heart, kidney, liver, blood, gastrointestinal tract (GI), and
central nervous system (CNS) [1] (Table 1). Documentation was
continued until the patients left the ICU (except in four cases of
patients who were transferred to another hospital and who re-
quired further intensive care). Patient status at hospital discharge
was evaluated retrospectively, and outcome data (survival or
death) were added to the database.

Comparative analysis of the prevalence of organ failure be-
tween the two hospitals revealed a systematic difference in two or-
gan systems although patient characteristics were similar in both
groups. First, a valid assessment of the CNS is difficult if the pa-
tient is intubated and sedated. While 91.3% of all days were
scored zero in the Dutch patient group, this score was given on on-
ly 32.2% of days in the German group. On day 1, 70.2% of the
German patients received points for CNS failure, in contrast to on-
ly 9.4% of the Dutch patients. Second, the definition of gastroin-
testinal dysfunction was interpreted in a broad way in the German
subgroup (23.1% of all days) while kept strict in the Dutch sub-
group (1.1% of all days). Furthermore, presence of GI failure had
a limited influence on outcome in either subgroup of patients. As a
consequence, the interdisciplinary study group decided to exclude
these two organ systems from further analysis.

Statistics

Data were entered into a computer database and merged and ana-
lyzed with the statistical software package SPSS (vers. 9.9; SPSS
Inc., Chicago, Ill., USA).

Maximum MOF score was defined as the highest daily MOF
score observed during ICU stay. The aggregate maximum MOF
score introduced by Moreno et al. [10] was defined as the sum of
the worst values for each organ during ICU stay. Thus, the aggre-
gate maximum MOF is at least as high as the usual maximum
score, and it exceeds this value if organ failure occurs sequentially
in one or more organ systems.

The non-parametric Mann-Whitney-U-Test was used for com-
parisons of the MOF score. Dichotomous data were compared

with the Fisher exact test. A P-value of less than 0.05 was consid-
ered significant.

Logistic regression analysis with hospital mortality as depen-
dent outcome parameter was applied to find new optimal point
weights for the score items. Each organ system was included as an
ordinal variable, so that separate point weights could be calculated
for organ dysfunction and organ failure. In order to consider inde-
pendent observations only, analysis was performed separately for
all patients on day 1 (n=147), day 4 (n=147), and day 7 (n=115).
The three analyses generated statistically optimal coefficients for
organ dysfunction and organ failure, for each organ system. Sub-
sequently, these coefficients were turned into integer values be-
tween 0 and 3 by a consensus process within the study group. For
reasons of clinical consistency, organ failure was not allowed to
receive fewer points than organ dysfunction. Thereby, three modi-
fied MOF scores (for day 1, day 4, and day 7) were generated,
with the same definitions of organ dysfunction and organ failure,
but with different point weights (Table 3).

The predictive power of the original as well as the modified
scores was analyzed by calculating sensitivity and specificity for
prediction of hospital outcome. Analysis was performed separate-
ly for score values from day 1 and day 7. Results were summa-
rized by ROC curve analysis and the area under the curve (AUC)
was calculated.

Results

Day of admission

On the day of ICU admission, mean MOF score was 3.1
points (range 0–9). Survivors had a lower MOF score on
admission than non-survivors (2.5 vs. 4.6 points;
P<0.001, U-Test). Organ failure as seen on day 1 is pre-
sented in Table 4, together with the associated mortality.
Almost 60% of patients had organ failure for at least one
organ on admission. The only patient with 9 points on
admission was a 71-year-old woman with a fractured fe-
mur who had been resuscitated during operation. She
died 5 days later. Eighteen patients had no signs of organ
failure or organ dysfunction on admission; all of them
survived. The Dutch subgroup showed higher MOF
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Table 4 Prevalence of organ
failure on the day of ICU ad-
mission (day 1), and occurence
of organ failure during ICU
stay. Hospital mortality and the
day of first occurrence were
calculated only for those pa-
tients who initially presented or
developed that specific organ
failure, respectively. For com-
parison, overall mortality rate
in all 147 patients was 30.6%

Organ failure on day 1 Organ failure during ICU stay

Patients Mortality Patients Mortality Day of first
occurrence
(mean, median)

Lung 52 (35%) 50% 94 (64%) 43% 2.8 (1)
Liver 36 (25%) 39% 87 (59%) 39% 5.1 (3)
Heart 47 (32%) 55% 81 (55%) 52% 2.2 (1)
Kidney 6 (4%) 67% 34 (23%) 71% 6.1 (4)
Blood 4 (3%) 75% 18 (12%) 78% 7.2 (5)
At least one organ 87 (59%) 46% 119 (81%) 38% 2.0 (1)

scores on admission than the German one (mean values
4.1 and 2.6, respectively; P<0.001, U-Test), which corre-
sponds to a higher mortality rate in that group (49.1% vs.
20.2%, P<0.001, Fisher exact test).

Organ failure during ICU stay

The prevalence of organ dysfunction and organ failure
among all observation days is presented in Fig. 1. The
occurrence of organ failure during ICU stay as well as
on admission was associated with a higher mortality rate
as compared to the overall value of 30.6% As compared
to the overall mortality rate (30.6%), mortality was
higher if organ failure was either already present on ad-
mission or occurred during the stay in ICU. (Table 3).
Twenty-eight patients had no organ failure during ICU
stay, and seven of them also had no organ dysfunction
(among the five organs considered in the MOF score).
All these patients survived. Onset of organ failure var-
ied among the organs considered. Among patients in-
cluded as having developed heart or lung failure during
ICU stay, over half of them were actually observed to be
suffering from this condition on admission (median
1 day, Table 3), while the first occurrence of organ fail-
ure for the other three organs usually was observed later
during ICU stay.

The maximum MOF score is strongly associated with
mortality. None of the five patients with a five-organ
failure survived (maximum MOF score = 10) while only
one out of 56 patients with a maximum MOF score of 3
points or below died (Fig. 2). Maximum MOF score was
reached on average 3.9 days after admission in survivors
and 6.7 days after admission in non-survivors. The re-
maining ICU stay after the maximum MOF score had
been reached averaged 14.0 and 8.3 days for survivors
and nonsurvivors, respectively. The aggregate maximum
MOF score was 0.56 points higher on average than the
observed maximum MOF score (mean values 5.22 and
4.66, respectively). Higher values for the aggregate score
was noted in 41.5% of patients, identical values in the
rest. Distribution of the two maximum scores together
with their associated mortality rates are given in Fig. 2.

Fig. 1 Prevalence of days with organ failure and organ dysfuction
in patients with more than 3 days of ICU care, based on all 2,348
observation days

Fig. 2 Maximum multiple organ failure (MOF) and aggregate
maximum MOF score (sum of worst values for each organ system
during ICU stay) and associated mortality in 147 patients. The
number of patients in each category is indicated by the line
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Fig. 3 Mortality according to maximum number of organs failed
during ICU stay for two age groups

of the status of the lung over time, fewer points for liver
failure, and an increase in points for kidney dysfunction
and failure (Table 4). Comparison of predictive power with
ROC curve analysis revealed that the modified “early”
MOF score (see Table 4, column “day 1”) was superior to
the original score using day 1 data (AUC 0.825 versus
0.794, respectively; Fig. 4), and that the modified “late”
MOF score (see Table 4, column “day 7”) performed better
on day 7 data (AUC 0.807 versus 0.792), as expected.
However, the differences observed were small in compari-
son to the 95% confidence interval for the original score on
day 1 [0.722–0.867] and day 7 [0.703–0.882].

Discussion

The monitoring of organ failure with scoring systems has
become an established procedure in clinical trials and
comparative analyses in intensive care [11]. Along with
the definition of organ failure given by Knaus et al. [12],
the MOF score of Goris et al. [1] was one of the first at-
tempts to create an objective point system. Several MOF
scores followed [9, 13] using a variety of definitions [14].
However, any score needs a regular evaluation of its valid-
ity and reliability. Now, 15 years after the first publication
of the MOF score, a re-evaluation was deemed necessary,
and to be based on data from real intensive care patients.

A first important observation was made due to data
collection being performed independently in two separate
environments. Although basic characteristics of patients
and the manuals for scoring were identical, interobserver
variability was found to be substantial in two organ sys-
tems: the CNS and the GI tract. Regarding the CNS, a
valid assessment of the mental function is usually not
possible in sedated and ventilated ICU patients. This is a
well-known problem of intensive care severity scores [15,
16]. The Glasgow Coma Scale (GCS), initially designed
to describe the prognosis of patients with severe head in-
juries, confirmed its usefulness in this patient group [17].
However, its integration into scoring systems for moni-
toring intensive care in general seems to introduce more
problems than benefits. Although guidelines for scoring
exist, different strategies are followed in reality [18].
Also as part of other ICU scoring systems, the GCS was
identified as the major source of interobserver variation
[15]. In consequence, the study group decided not only to
exclude the CNS from the present analyses but also to
suggest performing future assessments without regarding
the CNS. This does, of course, not mean that uncon-
sciousness is irrelevant for describing a patient’s situa-
tion, but the aim of a score system is to provide an objec-
tive and reproducible tool that can be applied in different
settings with high reliability. Therefore, assessment of
CNS should not be included in daily MOF score unless a
simple and robust parameter for measuring mental func-
tion in ICU patients becomes available.

Fig. 4 ROC curve analysis based on data from the first day
(n=147) for the original as well as for three modified multiple or-
gan failure (MOF) scores (day 1. day 4, and day 7; for definition
see Table 4). The areas under the curve were 0.794 for the original
MOF score, and 0.825, 0.813, and 0.811 for the three modified
scores, respectively.

The same consistent increase in mortality was ob-
served with the number of organs failed: mortality rates
were 0%, 11%; 30%; 48%; 85%, and 100% for none to
five organs, respectively. Patient age was also observed
to be an important influence on mortality. Patients under
60 years of age had a significantly lower mortality rate
(18.5%; n=65) than elderly patients (40.2%; n=82,
P=0.007, Fisher exact test) although their initial MOF
scores were nearly comparable (2.9 versus 3.3 points;
P=0.18). The maximum MOF scores attained during
ICU stay were also similar (4.5 and 4.8 points, respec-
tively; P=0.41). Main differences were observed in pa-
tients with two or three organ failures (Fig. 3).

Modification of point values

Multivariate analysis of score values based on data from
day 1, day 4, and day 7 revealed a decreasing importance
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A similar problem has been observed with GI failure,
because it lacked a clear definition. Furthermore, the
number of patients with GI failure, using its original def-
inition, was low and its occurrence was rarely associated
with outcome. We support the arguments of Marshall et
al. [13], who, after a thorough evaluation of the litera-
ture, decided not to include GI failure in their multiple
organ dysfunction score (MODS). None of the parame-
ters suggested for quantifying GI failure fulfilled the
methodological criteria given in that paper.

The primary aim of our study was to evaluate the score
points given for organ dysfunction and organ failure. In
this sense, patients without any signs of organ failure are
not helpful and were thus not documented in the Dutch
center. The requirement of at least 4 days in ICU should
help to select the relevant patient group. A few patients
from the German subgroup did not receive any MOF
points during their ICU stay, but we decided to include
them in the analysis to have at least some information
about low score values. Of course, in this area data are sta-
tistically weak and should be interpreted very carefully.

Our study population is a selected group of patients
who were more severely ill than an average ICU popula-
tion, and the reported prevalence rates of organ failure
can not directly be generalized. Very severely ill patients
who died within a few days as well as surviving patients
who required intensive care for only a short period of
time have been excluded. However, neither of these
groups of patients is the target population for continuous
daily monitoring of organ failure. This aspect also has to
be considered when measures of predictive ability such
as the area under the ROC curve are compared to pub-
lished values of other authors.

The attempt to improve the score by attributing new
point weights to the different levels of organ function
was not very successful. Although some improvements
seemed to be observed, the overall effect was small. Of
course, a statistically optimized formula can easily
achieve results superior to a predefined score, as can be
seen by the improvements in the areas under the ROC
curves. These improvements are marginal, they are sta-
tistically uncertain, and they are likely to disappear when
applied to a new independent population, however. It is
well known that a predictive model performs best on the
data for which it was developed and may lose predictive
power when applied to new circumstances – or cases.
Therefore, it was the decision of the study group to keep

the original equal weights for dysfunction (1 point) and
failure (2 points) for all organs.

The attempt to define “early” and “late” MOF scores
highlights another interesting fact of sequential organ
failure monitoring. Lung failure and heart failure, if
present, were often observed very early after admission
to ICU. In contrast, onset of liver failure was usually
seen later. Moreno et al. also observed that maximum
scores for liver were not reached until day 5, on average
[10]. Interestingly, in the logistic organ dysfunction
(LOD) system [19] liver failure can add only one point at
most to the total score (range 0–22). This is due to the
fact the LOD was based on thousands of data collected
on the first day of ICU stay only. Thus, LOD would
seem to be more an initial classification tool for severity
of disease such as Simplified Acute Physiology Score
SAPS [20] than a score for monitoring organ function.

Outcome evaluation with a MOF score, e.g., in clinical
trials, requires a reduction of sequential daily values into a
summary measure for each patient. The maximum score at-
tained during ICU stay is such a summary measure, the ag-
gregate maximum score (sum of the worst values for each
organ) is another one. In our data the aggregate maximum
MOF score showed a slightly more consistent increase in
mortality rate with increasing point values (Fig. 2).

Finally, the important influence of age on prognosis is
very impressively demonstrated in the present investiga-
tion when using the organ failure definition of the MOF
score with only five organs. While organ failure of four
or five organs has a very bad prognosis, irrespective of
age, mortality is remarkably increased in patients over 60
if only two or three organs fail. This again highlights the
fact that score values alone do not reflect the situation as
a whole, but can only give a reduced view of reality.

Conclusion

Monitoring of CNS and GI tract failure leads to a loss of re-
liability and have been discarded in the revised MOF score.
The points for dysfunction (1 point) and failure (2 points)
for the remaining five organs seem to be reasonable since
possible improvements were considered to be of question-
able value. Daily assessment of the MOF score allows for a
valid and objective monitoring of organ dysfunction and or-
gan failure, and the aggregate maximum MOF score is a
valid summary measure for outcome evaluation.
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