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The Logistic Organ Dysfunction System

A New Way to Assess Organ Dysfunction
in the Intensive Care Unit

Jean-Roger Le Gall, MD; Janelle Klar, MS; Stanley Lemeshow, PhD; Fabienne Saulnier, MD;
Corinne Alberti, MD; Antonio Artigas, MD; Daniel Teres, MD; for the ICU Scoring Group

Objective.—To develop an objective method for assessing organ dysfunction
among intensive care unit (ICU) patients on the first day of the ICU stay.

Design and Setting.—Physiological variables defined dysfunction in 6 organ
systems. Logistic regression techniques were used to determine severity levels and
relative weights for the Logistic Organ Dysfunction (LOD) score and for conversion
of the LOD score to a probability of mortality.

Patients.—A total of 13152 consecutive admissions to 137 adult medical/
surgical ICUs in 12 countries from the European/North American Study of Severity
Systems.

Outcome Measure.—Patient vital status at hospital discharge.

Resuits.—The LOD System identified from 1 to 3 levels of organ dysfunction for
6 organ systems: neurologic, cardiovascular, renal, pulmonary, hematologic, and
hepatic. From 1 to 5 LOD points were assigned to the levels of severity, and the
resulting LOD scores ranged from 0 to 22 points. Model calibration was very good
in the developmental and validation samples (P=.21 and P=.50, respectively), as
was model discrimination (area under the receiver operating characteristic curves
of 0.843 and 0.850, respectively).

Conclusion.—The LOD System provides an objective tool for assessing sever-
ity levels for organ dysfunction in the ICU, a critical component in the conduct of
clinical trials. Neurologic, cardiovascular, and renal dysfunction were the most se-
vere organ dysfunctions, followed by pulmonary and hematologic dysfunction, with
hepatic dysfunction the least severe. The LOD System takes into account both the
relative severity among organ systems and the degree of severity within an organ

system.
JAMA. 1996:276:802-810

NEW SYSTEMS to assess organ dys-
function are proposed almost every year,

From the Intensive Care Unit, Hopital Saint-Louis,
Paris, France (Drs Le Gall and Alberti); the School of

Public Health, University of Massachusetts, Amherst
(Ms Klar and Dr Lemeshow); Intensive Care Unit, H6-
pital Calmette, Lille, France (Dr Saulnier), Servei de
Medicina Intensiva, Consultation Hospitalari Parc Tauli,
Sabadell, Spain (Dr Artigas); and the Critical Care Di-
vision, Baystate Medical Center, Springfield, Mass,
and Tufts University School of Medicine, Boston, Mass
(Dr Teres).

A complete list of members of the {CU Scoring Group
was previously published in JAMA (1993;270:2957-
2963).

Reprints: Jean-Roger Le Gall, MD, Service de Ré-
animation Médicale, Hopital Saint-Louis, 1 avenue
Claude Vellefaux, 75475 Paris Cedex 10, France.

and each system differs from the others
inlarge or small ways. As early as 1980,
Fry et al' proposed a system of 4 organ
failures for surgical patients: pulmonary,
hepatic, gastrointestinal, and renal fail-
ure. In 1983, Stevens? described the Sep-
sis Severity Score comprising 7 failures,
each with 5 severity levels. The system
of Marshall et al® contained metabolic
failure and took anergy into account.
The widely used Organ System Failure
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(OSF) score was published in 1983 by
Knaus et al,* and in 1989 hepatic failure
was added.’ Fagon et al® added infection
to the assessment of organ dysfunction
and called their system ODIN (Organ
Dysfunctions and/or Infection). Hebert
et al” published a multiple organ failure
scoring system for patients who have
sepsis syndrome. Recently, Marshall et
al® proposed the Multiple Organ Dys-
funetion Score (MODS) based on a re-
view of 30 reports in the literature.

The aim of our study was to create an
objectively derived system from a large
database of intensive care unit (ICU) pa-
tients, using the statistical technique of
multiple logistic regression. Although
based on sophisticated statistical meth-
ods, our goal was to develop a system
that was as simple as possible to apply in
the ICU. In developing a statistically
based system, ranges and weights of the
variables defining levels of organ dys-
function can be determined objectively,
the significance of severity levels for each
organ can be identified, and the levels of
dysfunction can be weighted according to
their relative prognostic significance.

In the resulting Logistic Organ Dys-
function (LOD) System, the points for
individual severity levels of each organ
system reflect both the relative sever-
ity of the levels within an organ system
and the relative severity of the levels
among organ systems. The LOD score
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is a global score that can be calculated
to summarize the combined effect of dys-
function among several organs. In ad-
dition, the LOD model is a logistic re-
gression equation that can be used to
translate the score into a probability of
mortality based on organ dysfunctions.

METHODS

The database for this analysis was
assembled as part of the European/
North American Study of Severity Sys-
tems (ENAS) that was used to develop
the Simplified Acute Physiology Score
(SAPS II) system for estimating the
probability of mortality among ICU pa-
tients.’ Data on 14 745 consecutive ICU
admissions were collected in 137 medi-
cal, surgical, or mixed ICUs in 12 coun-
tries. Eligible patients were aged 18
years or older; burn patients, coronary
care patients, and cardiac surgery pa-
tients were excluded. To develop and
validate the LOD System, 80% of the
patients in the database were randomly
selected to constitute the developmen-
tal sample, and the remaining 20% com-
posed the validation sample. As with
the development of SAPS I1, differences
by site were not a consideration in the
development of the system. A detailed
description of the data collection proce-
dures is given in Le Gall et al.®

Variables were extracted from the da-
tabase to define organ dysfunction, based
on a combination of 12 variables for 6
organ systems: neurologic system
(Glasgow Coma Score [GCS]), cardio-
vascular system (heart rate and systolic
blood pressure), renal system (urea and
creatinine levels, and urine output), pul-
monary system (ventilation/CPAP {con-
tinuous positive airway pressure] sta-
tus and Pa0y/F10, [fraction of inspired
oxygen] ratio), hematologic system
(white blood cell and platelet counts),
and hepatic system (bilirubin level and
prothrombin time). The variables had
been recorded as the worst value in the
first 24-hour period in the ICU. The
worst value was defined as the value
that would have been assigned the great-
est number of SAPS points in the origi-
nal SAPS system. For sedated patients,
the GCS was ascertained either from
interviewing the physician who ordered
the sedation, or by reviewing the pa-
tient’s medical record before sedation.
If a variable was not measured for a
patient, it was assumed to be within the
range of normal. All variables except
platelet counts and prothrombin time
(PT) were continuously scaled. Platelet
counts were recorded as being less than
50x10%L, and PT was recorded as be-
ing more than 3 seconds over standard
or less than 25% of standard.

Similar to the methodology for devel-
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oping SAPS II, the analysis was de-
signed to first identify cut points that
defined variable ranges associated with
changes in mortality rate. That is, the
continuum of measurements for a vari-
able was divided into discrete catego-
ries, 1 of which was defined as being
within normal limits. The other catego-
ries were each defined by upper and
lower cut points, and each category rep-
resented a range of values that had a
higher association with mortality than
the range considered to be within nor-
mal limits. Subsequent analyses associ-
ated a point value with each range.

To identify the cut points that would
define the ranges of severity for each
variable, the continuous independent vari-
ables were plotted against the dependent
variable (vital status at hospital dis-
charge), and the LOWESS smoothing
funetion, using locally weighted least
squares, was used to suggest the cut
points.’? The plot of this smoothed func-
tion shows values of the independent vari-
able that are associated with changes in
the predicted value of the dependent vari-
able. For example, if the plot of the
smoothed function showed an increased
association with mortality when the daily
urine output declined to less than 0.5 L,
a cut point of 0.5 L could be chosen to
define a boundary for a range of severity.

Once the cut points for each variable
were identified, dummy variables were
created for each range outside the nor-
mal range. The dummy variable for each
range took on the value of 1 for patients
whose value for the variable fell within
the range and the value of 0 for all other
patients. Patients with values in the nor-
mal range composed the referent group
and took on the value of 0 for the dummy
variables.

The variables were entered simul-
taneously into a multiple logistic re-
gression model. Since the variables all
were valued at 0 or 1, multiple logistic
regression modeling produced an equa-
tion in which each variable had an as-
sociated coefficient (B) that was a mea-
sure of the relative weight of that level
of the variable while controlling for all
other variables in the model. The Bs for
the variables were grouped by magni-
tude into levels of increasing severity.
The number of severity levels was not
preestablished, but was based on the
observed range of the coefficients.

In defining the severity levels by the
size of the coefficients, comparable se-
verity levels for the 2 or 3 individual
continuous variables defining an organ
dysfunction (eg, white blood cell [WBC]
and platelet counts for hematologic dys-
function) were grouped together. Then,
as was done initially for the individual
continuous variables, a dummy variable

for each level of organ dysfunction was
newly defined. For each organ, a patient
was coded as being in the referent group
only if the values were within normal
limits for each variable defining the or-
gan dysfunction.

Each new dummy variable repre-
sented a level of severity for organ dys-
funetion, and the Bs associated with each
variable were the weights that formed
the basis for the assignment of points.
To obtain the point value for a level, the
B for the dummy variable for each level
of organ dysfunction was multiplied by
a factor of 10 and rounded to obtain a
whole number. When the points for each
severity level were known, the LOD
score was calculated by summing the
points associated with each of the in-
volved organ systems. The LOD score
was then used as the single variable in
a multiple logistic regression equation
of the form: logit=8y+p,(LOD score).

The logit containing the LOD score
was then converted to a probability of
hospital mortality as Pr(y =1 logit)=e=
(1+¢"#"), where y equaled 1 for patients
who died, y equaled 0 for patients who
lived, Pr indicated probability, and e
indicated a mathematical constant
2.7182818, which represented the base
of the natural logarithm.

The assessment of model performance
was the final stage of the analysis. To
evaluate model calibration, Hosmer-
Lemeshow goodness-of-fit tests, com-
paring observed with expected mortal-
ity, were performed.! To evaluate
discrimination, area under the receiver
operating characteristic (ROC) curve
was calculated.’”

RESULTS

Of the 14745 patients in the ENAS
database, 13 152 met the inclusion crite-
ria. As a result of the random number
generation used to create the develop-
mental and validation samples, 10 547 pa-
tients were included in the developmen-
tal sample, and 2605 patients were
included in the validation sample. The
results of the data quality analyses indi-
cated that the variables selected to com-
pose the LOD System demonstrated good
reliability. Intraclass correlations ranged
from more than 0.87 for systolic blood
pressure to more than 0.95 for urinary
output, serum urea, and WBC count.

The results are presented in 4 parts
corresponding to the successive steps of
the analysis: initial analysis of individual
variables in relation to mortality at hos-
pital discharge, defining organ dysfunc-
tion using the combined information from
2 or more variables, simplifying the LOD
seoring system, and developing and vali-
dating the LOD model to estimate the
probability of hospital mortality.
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Table 1.—Cut Points for Ranges for Several Levels of

Increasing Severity for Individual Variables*

Severity Level
Variable ! 0 1 2 3 4 I
Glasgow Coma Score 14-15 9-13 6-8 4-5 3
Pao,/Fl0, ratioc on MV or CPAP, No ventilation =250 150-249 50-149 <50
mm Hg (kPa) (=33.2) (19.9-33.1) (6.6-19.8) (<6.6)
Heart rate, beats/min 30-139 140-159 =160 <30
Systelic blood pressure, inm Hg §0-239 240-269 =270 <40
70(3139 4(2239
Serum urea, mmol/L (g/L) <6 6-9.9 10-19.9 =20
(<0.36) {0.36-0.59) (0.60-1.19) (=1.20)
Creatinine, pmol/L {mg/dL) <106 106-141 >141
(<1.2) (1.2-1.6) (>1.6)
Urine output, L/d 0.75-9.99 0.5-0.74 <0.5
2°1r0
White blood cell count, X10%/L 2.5-49.9 1.0-24 <1.0
=50
Bilirubin, wmol/L (mg/dL}) <34.2 34.2-68.3 =68.4
(<0.6) (0.6-4.0) {(>4.0)
Platelets, X 10%L =50 <50

Prothrombin time, % of standard =25%

<25%

*Ellipses indicate data not applicable. Fi0, indicates fracti
CPAP, continuous positive airway pressure.

Initial Analysis
of Individual Variables

The initial analysis used the LOWESS
procedure to identify cut points that de-
fined severity levels for each variable,
shown in Table 1. Four levels of increas-
ing severity outside the normal range
were identified for the GCS and Pao./
F10, (fraction of inspired oxygen) ratio,
3levels each for heart rate, systolic blood
pressure, and serum urea, and 2 levels
each for creatinine, urine output, WBC
count, and bilirubin. Platelet count and
PT each had 1 level of severity outside
the normal range.

The cut points were used to define
dummy variables for individual sever-
ity levels of each variable, a total of 27
dummy variables. These variables were
used as the independent variables in a
logistic regression equation that calcu-
lated the relative weight of each level in
relation to hospital mortality. The
weights were determined by the Bs, and
differences in the strength of the asso-
ciation with mortality were evidenced
by the increasing size of the Bs, from the
least severe to the most severe level,
within the levels of a continuous vari-
able. For example, the Bs ranged from
0.22 for the least severe level of biliru-
bin to 0.52 for the most severe level of
bilirubin. The B for the least severe level
of the GCS was 0.50, and it was 2.58 for
the most severe level. Therefore, the
most severe level of bilirubin had the
same association with mortality as the
least severe level of the GCS.

To take into account the relative se-
verity of the organ systems involved in
creating the LOD score, a grid was cre-
ated in which variable levels were clus-

on of inspired oxygen; MV, mechanical ventilation; and

tered according to their Bs, or weights,
for each level, as shown in Table 2. This
table shows how the 4 levels of GCS and
the Pa0,/F'10, ratio, the 3 levels of heart
rate, systolic blood pressure, and serum
urea, the 2 levels of creatinine, urine out-
put, bilirubin, and WBC count, and the
single level of platelet count and PT were
distributed in the grid. Although the maxi-
mum number of ranges of severity for a
single variable was 4, the relative strength
of the association of the levels with mor-
tality resulted in a grid with a total of 6
levels of severity, each level being asso-
ciated with increasingly higher Bs. The
first or lowest severity level was com-
posed of dummy variables with Bs from
0.22 to 0.44. The sixth and highest level of
severity was composed solely of the most
severe level of the GCS, which had an
associated B of 2.58.

Defining Organ Dysfunction
Using Combined Information

When all the dummy variables were
assigned to a cell in the grid, the organ
dysfunction levels were defined accord-
ing to the levels of the multiple vari-
ables for an organ system. That is, for
the 4 organ systems involving more than
1 variable in the definition of dysfunc-
tion, the cut points for the 2 or 3 vari-
ables that were grouped together in the
grid were used to define a single level of
organ dysfunction. For example, both
heart rate and systolic blood pressure
were used to define levels of cardiovas-
cular dysfunction. It can be seen from
the grid that the second level of severity
for heart rate (B=0.55) was similar to
the lowest level of severity for systolic
blood pressure (B=0.57), and the cut
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points for those levels were used in com-
bination to define a single dummy vari-
able for that level of severity for car-
diovascular dysfunction. Heart rate and
systolic blood pressure each had only 3
severity levels, but since they were dis-
tributed in 4 cells of the grid, there were
4 levels of cardiovascular dysfunction
defined. Following this procedure for
each of the organ systems defined by
more than 1 variable, 3 levels of renal
and hematologic dysfunction and 2 lev-
els of hepatic dysfunction were defined.
Neurologic and pulmonary dysfunction,
based on a single variable for each or-
gan, still had 4 severity levels each.

The next step in the analysis was to
redefine the relative weights of the or-
gan dysfunction levels, since 4 of them
were now based on the combined infor-
mation from 2 or more variables. New
dummy variables were created for each
level of dysfunction of the organ sys-
tems. The new dummy variables for dys-
function in the 4 organ systems, plus the
original dummy variables for neurologic
and pulmonary dysfunction, a total of 20
variables, became the terms in a new
logistic regression equation to determine
their relative weight with respect to hos-
pital mortality.

The redistribution of the severity lev-
els based on the new logistic regression
coefficients is shown in Table 3. This
table is similar to Table 2, but each co-
efficient now applies to a level of organ
dysfunction, which may be defined by
cut points for 1, 2, or 3 variables. Once
the levels of organ dysfunction were dis-
tributed in the grid and the 6 severity
levels were established, points for each
level of severity were determined by
multiplying the average of the coeffi-
cients by 10 and rounding to obtain a
whole number. In increasing order of
severity, the points assigned to the 6
levels at this stage of the analysis were
3, 7, 11, 13, 20, and 25. For each organ
system, 0 points were assigned to val-
ues within the range of normal.

Simplifying the LOD Scoring System

The analysis to generate the final set of
points for the LOD score was designed to
use the optimum number of severity lev-
els. This analysis resulted in a reduction
in the number of levels from 6 to 3. Keep-
ing the number of severity levels at 6 to
this point permitted a more sensitive
analysis of the association with mortality
of the several levels of organ dysfunction
than would have been achieved using only
3 levels from the beginning.

To define 3 levels of organ dysfunction
instead of 6, the coefficients for the
dummy variables for organ dysfunction
were distributed into 3 groups by increas-
ing size. The original 2 least severe levels

Logistic Organ Dysfunction System—Le Gall et al
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Table 2. —Coefficients for 6 Levels of Severity Based on Individual Variables, From Lowest to Highest
Degree of Association With Hospital Outcome*

.|
Severity Level
I 1

Organ System and Variable 1 2 3 4 5 6
Neurologic
Glasgow Coma Score e 0.50 1.14 .. 2.08 2.58
Cardiovascular
Heart rate 0.24 0.55 L 1.57
Systolic blood pressure L. 0.57 1.02 1.70
Renal
Creatinine 0.31 0.47 ..
Urea 0.44 0.80 1.13
Urine output - 0.46 0.94
Pulmonary
Pao0,/Flo, 0.33 0.66 1.01 1.26
Hematologic
White blood cell count - 0.69 1.07
Platelets 0.28
Hepatic
Bilirubin 0.22 0.52
Prothrombin time 0.30

L ]
*Eliipses indicate data not applicable; FI0,, fraction of inspired oxygen.

Table 3.—Six Levels of Increasing Severity With Corresponding Coefficients for Each Organ System*

Severity Level

1 2 3 4 5 6
Points
Organ System ' 3 7 1 13 20 25 I
Coefficients
Neurologic L. 0.53 1.16 S 2.09 2.61
Cardiovascular 0.22 0.72 .. 1.30 . 2.41
Renal . 0.61 1.14 .. 1.94
Pulmonary 0.33 0.67 1.06 1.31
Hematologic 0.35 0.88 1.39
Hepatic 0.30 0.59

L]
*Levels defined using combined variable information. Data not applicable indicated by ellipses.

were combined into 1 group, the 2 middle
levels of severity were combined into 1
group, and the 2 most severe levels were
combined into 1 group. Multiplying the
average of the coefficients in each of the
3 levels by 10 and rounding to obtain
severity points as whole numbers for each
level resulted in the 3 levels of increasing
severity being associated with 5, 12, and
23 points, respectively. To simplify the
points, they were divided by 5 to bring
the lowest point value to 1, which brought
the other point values to2.4 and 4.6. These
were rounded up to the whole numbers 3
and 5, respectively, so that organ dys-
function in the LOD System was scored
with 1, 3, or 5 points for increasing levels
of severity. The point system was
weighted by relative severity of levels of
organ dysfunction, with a 5-fold differ-
ence between the lowest level (1 LOD
point) and the highest level (6 LOD points)
of dysfunction.

The LOD points that can be scored for
each level of organ dysfunction are shown
for each organ system in Table 4. From
the Table, it can be seen that neurologic,
cardiovascular, and renal dysfunction
score the maximum of 5 LOD points for
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the most severe level of dysfunction. Pul-
monary and hematologic system dysfunc-
tion score a maximum of 3 LOD points,
and hepatic dysfunction scores a maxi-
mum of 1 LOD point. The LOD score can
range from 0 to 22 points. Figure 1 shows
the distribution of the LOD score from 0
to 22 points in the developmental sample.
An LOD score of 0 indicates no organ
dysfunction. An LOD score of 1 is the
score for the lowest level of severity for
1 organ system dysfunction, and an LOD
score of 22 points is the score for the
highest level of severity for all 6 organ
dysfunctions.

Of the 10547 patients in the develop-
mental sample, 1293 (12.3%) had no or-
gans in dysfunction, 2723 (25.8%) had 1
organ dysfunction, 2615 (24.8%) had 2 or-
gans in dysfunction, and 3916 (37.1%) had
3 or more organs in dysfunction. Regard-
less of the number of organs in dysfunc-
tion, the LOD score varied widely by the
severity of the dysfunction. Depending
on the involved organs and the level of
severity, the LOD score can be as low as
1 or as high as 5 with 1 organ dysfunction.
It can be as low as 6 or as high as 22 with
6 organs in dysfunction.

Table 4.—The Logistic Organ Dysfunction (LOD)
System: Three Levels of Increasing Severity With
Corresponding Points for Each Organ System*
]
Severity Level
[ 1
Organ System 0 1 2 3

LOD Points

Neurologic
Cardiovascular
Renal
Pulmonary
Hematologic
Hepatic .
|

*Ellipses indicate points not applicable at this severity
level.

coocooo
P owwww
Laoo

1
1
1
1
1
1

The final scoring system for the LOD
score is presented in Table 5. For each
organ dysfunction defined by more than
1 variable, only 1 of the variables needs
tobe in the abnormal range for the LOD
points to be assigned. All of the vari-
ables defining an organ dysfunction must
be within the normal range to receive 0
LOD points for that organ dysfunction
(Table 6). To caleculate the LOD score
for a patient, the points for each organ
dysfunection are summed.

The application of the LOD score in the
ICU can be illustrated using data for a
hypothetical patient as an example. Con-
sider a patient admitted to the ICU for
septic shock with extreme oliguria. The
WBC count is 2.0 10°/L, the systolic blood
pressure is 60 mm Hg, and there is no
evidence of pulmonary, hepatic, or neu-
rologic dysfunction. The creatinine level
is 88 pmol/L (1 mg/dL). Calculating the
LOD score, being oliguric contributes 5
points to the LOD score for renal dys-
function, the low WBC count contributes
1 L.OD point for hematologic dysfunction,
and the systolic blood pressure contrib-
utes 3 LOD points for cardiovascular dys-
function, for a total LOD score of 9 points.

Developing and Validating
the LOD Model

The LOD score was first calculated
for each of the 10547 patients in the
developmental sample by summing the
points for each organ system based on
the recorded levels of each variable in-
cluded in the system. The LOD score
then was used as the only term, along
with a constant term, in a new logistic
regression equation, resulting in a
model that provided an estimate of the
severity of organ dysfunction as defined
by the probability of hospital mortality.
The equation for the logit was logit=
—3.4043+0.4173(LOD score).

The logit was then converted to a prob-
ability of hospital mortality for each pa-
tient: Pr(yzl loglt): e—3.4043+044173(LOD score)/
1 +673.4043+0.4173(L0D score).

The goodness-of-fit and area under
the ROC curve for this model were both
excellent in the developmental sample.

Logistic Organ Dysfunction System—te Gall et al 805
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Figure 1.—Distribution of the Logistic Organ Dysfunction (LOD) score among
10547 patients in the developmental sample.
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Figure 2.—Curve showing the relationship between the Logistic Organ Dys-
function (LOD) score and the probability of hospital mortality based on the LOD

The full goodness-of-fit table for the
model in the developmental sample is
shown in Table 7. The Table shows that
there was very good agreement between
observed and expected mortality across
all risk groups, which was supported by
the formal goodness-of-fit test. The value
of the Hosmer-Lemeshow statistic was
10.86, with an associated P of .21 with 8
df. The area under the ROC curvein the
developmental sample was 0.843.

Good model performance was also
demonstrated among the 2605 patients
in the validation sample. Excellent cali-
bration was indicated by a value of the
Hosmer-Lemeshow statistic of 9.32, with
P=.,50 with 10 df. The area under the
ROC curve was 0.850, indicating excel-
lent discrimination in the validation
sample.

The probability of hospital mortality
for each value of the LOD score is pre-
sented in Table 8, and Figure 2 provides
a graphical presentation of the function.
The figure was derived using the LOD
model calculations for the logit and prob-
ability shown above. Once the LLOD score
has been caiculated for a patient, it can be
readily converted to the probability of
mortality using the information in the
Table.

The steepest increases in the prob-
ability of mortality occur for LOD scores
from 5 to 11, with an approximate 10%
increase in risk for each point increase
in the score. For an LOD score of 12 or
more, the risk is over 80%j the risk stays
high but increases less rapidly as the
score increases to the maximum of 22
points, which has an associated prob-
ability of mortality of 99.7%. There are
several scenarios by which a patient
could receive an LOD score of 12 points
or more: either by several organs being

System.

involved at a moderate to severe level of
dysfunction or by the severity level of
fewer organs being very high. In any
such scenario, the mortality risk is very
high. Intermediate risk using the LOD
System appears to occur in the range
between approximately 5 and 10 points,
and there are numerous combinations of
organs and severity levels that would
result in such a score.

The hypothetical patient described
above had an LOD score of 9 points. From
Table 8, it can be seen that the probabil-
ity of hospital mortality for that patient
would be 58.7%. While it is obvious that
3 organs were involved, the LOD System
weights the severity of dysfunction for
the specific organ systems and provides
a corresponding estimate of the probabil-
ity of hospital mortality. The relationship
between the number of organs in dys-
function, the severity of dysfunction, and
the LOD score for overall organ dysfunc-
tion is shown in Table 9. For each pos-
sible number of organ systems in dys-
function (from 1 to 6), 2 examples are
shown to illustrate the range in the LOD
score depending on the particular com-
bination of organ systems involved, if each
system is at its most severe level of dys-
function. For 3 organ systems at their
maximum severity level, the LOD score
could range from 7 points (for maximum
hepatic, hematologic, and pulmonary dys-
function) to 15 points (for maximum neu-
rologic, cardiovascular, and renal dysfunc-
tion). From Table 8, this translates into a
corresponding range of estimated prob-
ability of hospital mortality from 38.2% to
94.6%. If the 3 involved organ systems
were at their least severe level of dys-
function (1 LOD point each), the LOD
score would be 3 regardless of which or-
gans were involved, and the correspond-
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ing probability of mortality would be
10.4%.

COMMENT

An assessment of the severity of organ
dysfunetion in the ICU is a critical tool
for conducting clinical trials, especially
sepsis trials. The evaluation of new thera-
pies cannot be successfully achieved with-
out controlling for the degree of organ
dysfunction. Our analysis demonstrated
that it is not adequate to assess severity,
or to deseribe a patient’s condition, by
simply counting the number of dysfunc-
tioning organ systems. Using the LOD
System, 6 organs could be dysfunctioning
at levels that scored 1 point each (an LOD
score of 6 points), and the associated risk
of mortality would be 28.9%, compared
with a mortality risk of 68.3% if 2 organs
were dysfunctioning at alevel that scored
5 points each (an LOD score of 10 points).
Even 1 point in the LOD System is as-
sociated with an increased risk of mor-
tality.

In many scoring systems,>™® each or-
gan dysfunction is graded from 1 to 4
points, or from 1 to 6 points, and a score
is produced by adding the points. Our
results indicate that these systems can-
not adequately reflect patient severity.
Not only are the ranges defining the lev-
els different from those we found using
statistical methods, but weighting each
organ system in the same way does not
take into account the differential prog-
nostic significance of the involved organs.
The LOD score measures both the im-
portance of the organ system relative to
the others and the degree of severity
within that system. Most organ dysfunc-
tion systems are scored with the worst
severity level for each organ assigned the
same number of points, but giving the
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Table 5.—Scoring for the Logistic Organ Dysfunction (LOD) System*
- - -

LOD Points
[ 1
Organ
Increasing Severity/ Dysfunction Increasing Severity/
Decreasing Values Free Increasing Values
I 1 I 1 I 1
Organ System Measures 5 3 1 0 1 3 5
Neurologic
Glasgow Coma Score 3-5 6-8 9-13 14-15
Cardiovascular
Heart rate, beats/min <30 30-139 =140
or and or
Systolic blood pressure, mm Hg <40 40-69 70-89 90-239 240-269 =270
Renal
Serum urea, mmol/L (g/L) <6 (<0.36) 6-9.9 (0.36-0.59) 10-19.9 (0.60-1.19) =20 (=1.20)
or
Serum urea nitrogen, mmol/L (mg/dL) <6 (<17) 6-9.9 (17-<28) 10-19.9 (28-<56) =20 (=56)
and or or
Creatinine, wmol/L (mg/dL} <106 (<1.20) 106-140 (1.20-1.59) =141 (=1.60)
and or
Urine output, L/d <0.5 0.5-0.74 0.75-9.99 =10
Pulmonary
Pao, (mm Hg)/Fi0, on MV or CPAP <150 =150 No ventilation;
no CPAP
(Pao, [kPa)/FI0,) (<19.9) (=19.9) no IPAP
Hematologic
White blood cell count, X10%L <1.0 1.0-24 2.5-49.9 =50.0
or and
Platelets, X 10%L <50 =50
Hepatic
Bilirubin, pmol/L {mg/dL) <34.2 (<2.0) =34.2 (=2.0)
and or
Prothrombin time, s above (<25%) =3 (=25%) >3

standard (% of standard)

- _________________________________________________________________________________________]

*To calculate the LOD score, each organ system receives points for the single variable associated with the most points. For example, if the worst heart rate of the day was
25 beats/min (5 LOD points), but the systolic blood pressure remained at 50 mm Hg (3 LOD points), then 5 LOD points are assigned. The points are not added to obtain 8
LOD points for the organ dysfunction: the maximum number of points for an organ is 5, and the maximum LOD score is 22. Ellipses indicate data not applicable; Fio,, fraction
of inspired oxygen; MV, mechanical ventilation; CPAP, continuous positive airway pressure; and IPAP, intermittent positive airway pressure.

same number of points for a low GCS (5
LOD points) as for a high bilirubin level
(1 LOD point) does not correctly reflect
severity and so cannot correctly charac-
terize patient condition.

Of the 6 organ systems described by
the LOD System, neurologic, cardiovas-
cular, and renal dysfunction were the
most severe and received the maximum
of 5 LOD points for the most severe
level of dysfunction. Pulmonary and he-
matologic dysfunction both received 3
points for the most severe level of dys-
function. Hepatic dysfunction received
1 point. It is notable that Fagon et al®
found that cardiovascular, renal, respi-
ratory, and neurologic system dysfunc-
tion were the most severe, while hema-
tologic and hepatic system dysfunction
were less severe.

The most severe level of neurologic
dysfunction, receiving 5 LOD points, was
defined by a GCS less than 6. Neuro-
logic dysfunction was measured by the
actual GCS in patients who were not
sedated and by the estimated GCS in
sedated patients. The criteria and
weights for neurologic dysfunction pro-
posed for the MODS® are somewhat simi-
lar to those for the LOD System, al-
though 4 levels of dysfunction are
defined, rather than 3.

In the LOD System, cardiovascular
system dysfunction could also be very
severe, with a state of severe shock add-
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Table 6.—Variables and Definitions for the Logistic Organ Dysfunction {LOD) System

All variables must be measured at least once. If they are not measured, they are assumed to be within the
normal range for scoring purposes. If they are measured more than once in the first 24 h, the most
severe value is used in calculating the score.

Neurologic System

Glasgow Coma Score: Use the lowest value; if the patient is sedated, record the estimated Glasgow Coma Score
before sedation. The patient is free of neurologic dysfunction if the estimated Glasgow Coma Score is 14 or 15.

Cardiovascular System

Heant rate: Use the worst value in 24 h, either fow or high heart rate; if it varied from cardiac arrest (5 LOD points)
to extreme tachycardia (3 LOD points), assign 5 LOD points.

Systolic blood pressure: Use the same method as for heart rate (eg, if it varied from 60 to 250 mm Hg, assign 3
LOD points). The patient is free of cardiovascular dysfunction if both heart rate and systolic blood pressure are
scored with 0 LOD points. This principle is the same for all organ dysfunctions that may be defined by more than
1 variable.

Renal System

Serum urea or serum urea nitrogen level: Use the highest value in mmol/L or g/L for serum urea, in mmol/L
(mg/dL) of urea for serum urea nitrogen.

Creatinine: Use the highest value in pmol/L (mg/dL).

Urinary output: If the patient is in the ICU for less than 24 h, make the calculation for 24 h {eg, 1 L/8 h = 3 L/24 h).
if the patient is on hemodialysis, use the pretreatment values.

Pulmonary System

if ventilated or under continuous positive airway pressure (CPAP), use the lowest value of the Pao/Fi0; (fraction of
inspired oxygen) ratio (whether Pao, is mm Hg or kPa). A patient who has no ventilation or CPAP during the first
day is free of pulmonary dysfunction.

Hematologic System

White blood cell count: Use the worst (high or low) white blood cell count that scores the highest number of points.
Platelets: If there are several values recorded, find the lowest value and assign 1 LOD point if the lowest value is
less than 50x10%L.

Hepatic System

Bilirubin: Use the highest value in wmol/L (mg/dL).

Prothrombin time (seconds or %): If there are several values recorded, assign 1 LOD point if the prothrombin time
was ever more than 3 s above standard or less than 25% of standard during the day.

. _________________________________________________________________________________ ]}

ing 5 points to the LOD score. Adding
therapeutic measures such as the use of
vasoactive drugs was not included in
the LOD definitions. The LOD score
was developed using data from the first
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ICU day, and the physiological measure-
ments represented patient condition
prior to therapy. The worst recorded
values are those that receive the high-
est number of LOD points. For example,
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Table 7.—Goodness-of-Fit of the Logistic Organ Dysfunction (LOD) Model Among 10547 Patients in the

Developmental Sample*

Survived, No.

Died, No.

f
Observed

1
Expected

[ 1
Observed Expected

Probability

"000-0.032 1242 1251.4 51 416
0032-0 048 1781 1765.0 73 89.0
0.048-0.071 172 1184.3 103 90.7
0.071-0.104 1108 1100.1 120 127.8
£104-0.150 853 866.2 166 152.8
0150-0.211 733 720.2 180 192.8
0211.0.382 891 889.9 442 443.2
0 382-0 587 314 319.8 368 362.2
0.587-0.833 131 132.0 388 387.0
0 833-1.000 29 251 402 405.9

L
*For this model, df=8; C=10.86; P=.21; and area under the receiver operating characteristic (ROC) curve is 0.843.

Tahle 8.—Conversion of the Logistic Organ
Dysfunction (LOD) Score to a Probability of Hospital
Mortality Using the LOD Model

Probability of
Hospital Mortality, %

3.2

4.8

71
10.4
15.0
211
28.9
38.2
48.4
58.7
68.3
76.6
83.3
88.3
92.0
94.6
96.4
97.6
98.4
98.9
99.3
99.5
99.7

LOD Score

CONIIOBHEWN =D

POMNON — =t —b =t s b b & &
N=OOONOTARWON=O

if at different times on the first ICU day
a patient has tachycardia of 150 beats
per minute (1 1.OD point) and brady-
cardia of 25 beats per minute (6 LOD
points), b points are added to the LOD
score, After the first ICU day, when a
patient is receiving continuous therapy,
the problem of scoring cardiovascular
variables is, indeed, a difficult one. The
variable proposed for the assessment of
cardiovascular dysfunction in the MODS?
is pressure-adjusted heart rate (prod-
uct of heart rate multiplied by the ratio
of the central venous pressure to the
mean arterial pressure). This variable
depends on resuscitation and the use of
blockers and pressors. The central ve-
hous pressure is not recorded in all
patients, which limits the value of this
variable. Although hypertension and
bradycardia have not classically been
regarded as part of the multiple organ
system syndrome, they neverthelessre-
flect an abnormality in the functioning
of the cardiac system and were associ-
ated with a worse outcome than was the

case for patients without these factors
in our study. This result suggests that
previous definitions of early cardiovas-
cular dysfunction need to be modified.
Renal dysfunction, as manifested by
low urine output (oliguria) or high serum
urea levels, also receives 5 LOD points
for the most severe level of dysfunction,
which has been noted in other studies of
renal dysfunction in intensive care. There
is no distinction made between chronic
and acute renal dysfunction in the LOD
scoring, as the focus is on the relevant
physiological measurements without hav-
ing to rely on diagnostic assessments.
Again, the decision as to what constitutes
the worst value is based on the number
of points assigned. For example, if a pa-
tient has oliguria of 0.4 L/d (56 LOD points),
5 points are added to the LOD score,
regardless of the level of creatinine. To
rely only on creatinine could actually post-
pone the confirmation of renal dysfunc-
tion, since it may take several days to
observe a rise in creatinine. In several
assessment systems ®' serum creatinine
concentration is the only component of
renal dysfunction measurement. Serum
urea or serum urea nitrogen, as well as
daily urinary output, are measured in
many countries and have a prognostic
weight independent of creatinine. The co-
efficients for both urea and urinary out-
put demonstrated a stronger association
with hospital mortality than the coeffi-
cients for creatinine, and when the vari-
ables were considered in combination to
define renal dysfunction, the association
with mortality was even stronger.
Pulmonary dysfunction receives only
3 LOD points for the most severe level.
Patients who have been assisted with
neither ventilation nor CPAP are con-
sidered to be free of pulmonary dys-
function and receive 0 points towards
the LOD score. The Pa0,/F10, ratio was
also used in the MODS? calculations to
define levels of pulmonary dysfunction;
however, it was not clear whether all of
their population of 692 surgical patients
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were receiving mechanical ventilation,
which was not the case for the consecu-
tive admissions that composed the
ENAS database.

Hematologic dysfunction also scores a
maximum of 3 LOD points, with the most
severe level defined by a WBC count less
than 1.0X10%L. This suggests that a very
low WBC count is not as strongly asso-
ciated with mortality as the most severe
levels of dysfunction of other organs, all
other things being equal. The data for
platelet counts were collected as a bi-
nary variable indicating only whether
platelet counts were low (less than
50%10%L), and this level of measurement
resulted in a severity level that receives
only 1 LOD point. The MODS uses only
platelet counts, measured on a continu-
ous scale, in the assessment of hemato-
logic system dysfunction. Platelet counts
less than 50x10%L showed a strong as-
sociation with mortality in that study,
consistent with the LOD System catego-
rization.

Hepatic dysfunction scores a maxi-
mum of 1 LOD point. This suggests that
early hepatic dysfunction by itselfis not
strongly associated with mortality, but
its occurrence in association with the
dysfunctioning of the other organ sys-
tems worsens the prognosis in an ICU
patient. Unlike in the MODS, hepatic
dysfunction contributed the least to the
scoring of multiple organ dysfunction in
the LOD System, allowing a maximum
of 1 LOD point. Using PT to assess he-
patic dysfunction incorporated the mea-
surement of a variable that may be ab-
normal even when the bilirubin is within
normal limits. Since our analysis was
restricted to the first 24 hours in the
ICU, it would be expected that hepatic
dysfunction would be more heavily
weighted later in the ICU stay than
during the first ICU day. In future LOD
research, data for platelet counts and
PT should be collected as a continuous
measurement to confirm whether the
current cut points are best suited to
reflect the association with mortality.

Although developed using the same
database, there are important differ-
ences between the SAPS IT and the LOD
systems. The former takes into account
not only several physiologic parameters,
but also includes age, the type of patient
admission, and several comorbidities.
The LOD System was designed to char-
acterize 6 distinct organ systems and
uses only physiological measurements
to do so. The information from the physi-
ological measurements is grouped in a
manner that permits the characteriza-
tion of organ dysfunction, both as to the
number of affected organs and the de-
gree of dysfunction for each organ. In
the LOD System, 1 abnormal element is
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sufficient for the classification of organ
dysfunction.

Multiple organ dysfunction is not nec-
essary for the application of the LOD
System, as it applies to both single or
multiple organ dysfunctions. This makes
the LOD System more broadly applicable,
since less than one third of patients in an
ICU may have 2 or more organs in dys-
function, with the majority having only
1 organ dysfunction.”* In our database,
which comprised several tertiary care
units, 26% of patients had 1 organ dys-
function, and 62% had 2 or more organs
in dysfunction. The concept of multiple
organ dysfunction implies the involve-
ment of multiple organs, rather than a
single organ, but the LOD System grades
organ dysfunction in such a way that se-
verity due to organ dysfunction can be
quantified, whether 1 to 6 organs are in-
volved.

Patients with 1 organ dysfunction, es-
pecially if it is severe (ie, 5 LOD points),
are not comparable with patients free of
organ dysfunction. With this concept,
patients with acute myocardial infarc-
tion, pulmonary embolism, or irrevers-
ible brain injury would be classified as
having 1 organ system dysfunction with
an associated LOD score and probabil-
ity of hospital mortality that is higher
than patients with no organ dysfunc-
tion. Like others,*® we have purposely
used the term organ dysfunction rather
than organ failure, since dysfunction en-
compasses from moderate to severe im-
pairment.

The aim of our study was to develop a
new system to quantify organ dysfunc-
tion based on objective criteria of sever-
ity. Other scoring systems (APACHE
[Acute Physiology and Chronic Health
Evaluation] I1I, MPM [Mortality Prob-
ability Model] I1, and SAPS II) were cre-
ated using multiple logistic regression,
while earlier versions of some systems
(APACHE II, SAPS I) were based on
more subjective methods. The objective
models in the most recent generation
were demonstrably superior to previous
ones.’®® Until now, all of the systems
that proposed to estimate organ dysfunc-
tion were also based on subjective meth-
ods. These systems varied widely, and
there was no statistical means for as-
sessing how well they reflected severity
of illness. While mortality generally in-
creases with the number of involved or-
gans and the degree of organ dysfunc-
tion,”®! the systems do not provide an
estimate of the risk of mortality, with the
exception of the ODIN system. It is,
therefore, difficult to compare or vali-
date the systems, since it is not possible
to evaluate their calibration.

The proposed LOD System, which was
developed using statistical methods that
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Table 9.—Logistic Organ Dysfunction (LOD) Score, by Number of Organ System Dysfunctions for 2 Examples

With Involved Organ Systems at Their Highest Severity Level *
- -~

Example 1 Example 2
T 1 | 1
Involved Organ Involved Organ
No. of stems Systems
Organs Score (LOD Points) Score (LOD Points)
1 1 HP 5 N
(1} (5)
2 4 HP, HE 10 N, CV
(1,3 {5, 5)
3 7 HP, HE, P 15 N, CV,R
(1,3,3) (5, 5, 5)
4 t2 HP, HE, P, R 18 N,CV,R, P
(1,3,8,5) (5, 5,5, 3)
5 17 HP, HE, P, R, CV 21 N, CV, R, P, HE
(1,3,3,5,5) (5,5,5,3,3)
6 22 HP, HE, P,R,CV,N 22 N, CV, R, P, HE, HP
{1,3,3,5,5,5) (5,5,53,3,1)

]
*HP indicates hepatic system; HE, hematologic system; P, pulmonary system; R, renal system; CV, cardiovascular
system; and N, neurologic system. Ellipses indicate data not applicable.

determined the relative weights of the
several organ systems and of the levels
of severity within each organ system,
also produces an estimate of the risk of
mortality that demonstrated excellent
calibration and discrimination. The LOD
System can be used for the assessment
of organ dysfunction in an objective man-
ner. Many organ dysfunctions develop
later in the ICU stay, particularly among
elective surgery patients who are often
free of organ dysfunction when admit-
ted to the ICU. The large ENAS data-
base from which the system was devel-
oped, however, comprised a mix of
medical patients, emergency surgical pa-
tients, and elective surgical patients who
manifested measurable levels of organ
dysfunction on the first ICU day. Many
of the ICUsin the ENAS database were
tertiary care units, and patients entered
them at a relatively advanced stage of
disease, as reflected by the 62% of pa-
tients with 2 or more organs in dysfune-
tion on the first day in the ICU.

Any system to assess organ dysfunc-
tion that uses first ICU day variables
must be validated for use at other time
periods, including the LOD System, and
future studies must be designed for that
purpose. The validity of the estimate of
the probability of mortality from the
conversion of the LOD score to a prob-
ability using the LOD model on subse-
quent ICU days has not been tested.
Studies of the association with mortal-
ity of an LOD score that is collected
daily in the ICU need to be undertaken.
Also, further studies that take into ac-
count the duration of dysfunction will be
needed to estimate the probability of
hospital mortality at later points in the
ICU stay. Duration of dysfunction is
commonly associated with a worsening
prognosis, even if a patient’s condition
is unchanging, since absence of improve-
ment is a negative sign.

In addition to studying the applica-
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bility of the LOD System over time,
another issue that can be considered is
the question of which measurements to
use on the first day or subsequent days
to characterize patients. As with other
severity systems for ICU patients, the
LOD System uses the worst value re-
corded for the patient in the 24-hour
period. Organ dysfunction generally oc-
curs following treatment for some stress,
trauma, or infection, and if the effort is
completely sucecessful, the physiological
parameters will be normalized. If not,
they will remain outside the normal
ranges. Organ dysfunction is more likely
to occur in the latter case, which sug-
gests a justification for using the worst
values. Using the best measurement or
a measurement collected at the same
time every day are alternatives to using
the worst value, and the issue of which
values to use merits further study.

A potential criticism of the LOD Sys-
temisits use of hospital mortality, rather
than ICU mortality, as the outcome of
interest. This is a debatable point, and
using ICU mortality as did Fagon et al®
and Marshall et al®also has appeal. Again,
this is an issue that should be studied
further. Our choice was to use hospital
mortality as a more objective criterion,
especially in light of the multinational
nature of the database. ICU discharge
practices may vary considerably among
units in different countries or regions,
with patients who have no chance of
improvement being discharged to floors
in some units but not in others, and this
would tend to distort the comparability
of ICU mortality across units. Patients
who die in the ICU are still included in
the outcome measure of hospital mor-
tality, as well as patients who are dis-
charged from the ICU for further hos-
pital care and who subsequently die prior
to hospital discharge.

It may be argued that an organ dys-
function system is best used to describe
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severity of illness rather than to esti-
mate the risk of mortality. There are
other components of severity, such as
pain, anatomical extent of injury, or
therapeutic requirements, but it is the
physiological markers that are most
objectively quantifiable in the ICU. Se-
verity can describe gradations of dys-
function, but risk quantifies the mea-
surable components of severity into an
estimate of the probability of mortality
that can be objectively tested by com-
paring it with the observed outcome.
Some severe morbidities do not, of
course, necessarily result in mortality,
but the proposed system can still be
useful. For example, if a patient enters
the ICU with oliguria and no other or-
gan system is in dysfunction, that pa-
tient has 1 dysfunctioning organ and
would be scored as 5 LOD points. Even
if the patient undergoes dialysis, the
LOD score for the patient would be 5
and the probability of hospital mortality
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