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Abstract

Purpose: To compare the outcome prediction ability of SOFA and MOD scoring systems, in the subset of ICU
patients with severe traumatic brain injury.

Materials and Methods: We performed a descriptive analytic study at Poursina hospital, a tertiary care trauma
center. A number of 83 patients with severe traumatic brain injury who admitted to ICU between November 2012 and
December 2013 were included. SOFA and MOD scores were calculated for each patient on a daily basis and areas
under receiver operating characteristic curves were used to compare the discriminative ability of two scoring
systems.

Results: Out of 83 patients, 23 died (27.71%). AUROC curve for SOFA and MOD score were 0.514 and 0.510
respectively on admission, 0.587 and 0.512 on the second day of admission, 0.779 and 0.749 on the fourth day of
admission and 0.978 and 0.824 after two weeks. Both systems were unreliable predictors of death for first 48 hours
of admission. After 96 hours of admission, both systems represented an acceptable prediction ability, with no
statistically significant difference between two tools (P value=0.850). In terms of outcome prediction, MOD scoring
system performed good on fourteenth day with a significant difference when compared to excellent discriminant
function of SOFA (P value=0.027).

Conclusions: During the 48 hours of admission, none of scoring tools showed a reliable function of predicting
the ICU mortality. They represented an acceptable discriminative ability after the fourth day of admission and better
predictive ability after the fourteenth day of admission. After two weeks of admission, SOFA is superior to MODS in

outcome prediction.
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Introduction

Traumatic Brain Injury (TBI) is an international socioeconomic
problem. As estimated by World Health Organization it will be the
third cause of burden of disease by 2020 [1]. TBI remains among major
causes of mortality and morbidity in children over 1 year of age and
young adults worldwide ([2,3]. High rates of mortality and
unfavourable outcome caused by TBI, necessitates the clinical use of
scoring systems for determining the severity of insult and early
prediction of survival. Such measurements improve the clinical
management and allocation of resources to prevent the progression of
damage in high-risk cases. They also facilitate the qualification and
comparison of patient care in different critical care settings and clinical
trials [4-6].

Consequences of severe traumatic brain injury; death and disability,
are not always related to neurological complications. Non-neurological
organ damage independently affects the outcome. Multi Organ
Dysfunction Syndrome (MODS) is a common plot of the clinical
course of any patient who requires intensive care, including those with

severe traumatic brain injury [7,8]. Sequential Organ Failure
Assessment (SOFA) and Multiple Organ Dysfunction (MODS) score
are non-neurological scoring systems applied for predicting the
severity of organ failure and mortality in ICU settings. [9,10]. Many
research works have been published citing the validation of a single
organ failure scoring system, or comparing the performance of two
scoring systems [11,12]. Few studies compared two scoring systems
similar or identical to our study but in general ICU patients and not in
neurosurgical ICU setting [13-15]. Zygun et al. compared two scoring
systems MODS and SOFA in patients with severe type head trauma
and introduced SOFA as a superior prognostic tool compared to
MODS [16]. In our previous works we compared two scoring systems
compartment by compartment and assessed the correlation of each
compartment to the outcome of patients admitted to NICU [17,18].
The aim of this study was to compare the ability of these two scoring
systems in predicting the hospital mortality of severe traumatic brain
injury.

Materials and Methods

Setting: This descriptive-analytic study was performed at
neurosurgical ICU of Poursina Hospital, a level I trauma center
specialized in the treatment of multiple trauma patients. Eighty
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three patients with severe traumatic brain injury admitted to ICU
between November 2012 and December 2013 were enrolled.

Study design

Patients were selected when they first admitted to the emergency
department of the Poursina hospital. Severe TBI was defined as a TBI
resulting in at least one of the following: an initial resuscitated (systolic
blood pressure>90 mmHg and arterial oxygen saturation>90%)
Glasgow coma score (GCS) of 8 or less on first evaluation by medical
services; a post-resuscitation GCS of 8 or less on admission, without
any sedation; need for intracranial pressure monitoring; or the
presence of a clinical herniation syndrome as verified by trauma center
physicians [16]. Patients with renal, liver, cardiac, and lung trauma and
a positive history of past medical problems in these vital organs and
those with unreliable past medical history, were omitted from the
study. SOFA and MOD scores were collected daily. Organ dysfunction
was identified by calculating both scoring systems at a single point in
the morning during all days of ICU stay.

Descriptive statistical analysis was performed using SPSS version 21.
In order to compare the mean values Mann-Whitney test, Student t-
test, chi-square and Pearson tests were used. In order to assess the
discrimination ability of scoring systems, area under the receiver
operating characteristic (AUROC) curve were used. P values<0.05
considered to be statistically significant.

Results

A total of 83 patients with severe head injury were included in this
study. All of them admitted to ICU and had indications for ICU stay
for a period of at least 14 days. Overall 23 patients (27.71%) died
during ICU stay. Mean age of all participants was 33 + 18 years and the
majority of cases were male (93.97%). Demographic data are shown in
Table 1.

Study population (n=83) Mean * SD

Age (years) 33+18

The mean value of MODS and SOFA scores, calculated on first,
second, fourth and fourteenth day of admission are summarized in
Tables 2 and 3. As noted, both predicting systems showed higher scores
in non-survivors than survivors.

SOFA SOFA Non- MODS MODS Non-
Time Survivors Survivors Survivors Survivors
(Mean % SD) (Mean + SD) (Mean £ SD) (Mean + SD)
Initial 55+1.6 57+17 55+1.6 55+1.8
48 hour 6.1+1.8 6.7+19 58+1.8 59+21
96 hour 52+1.6 78+28 52+1.6 71+£23
Final 3+2 9+2 4+3.11 8.7+36
Maximum 73+13 106+23 72+16 9.8+23

Table 3: Comparison of SOFA and MOD score between survivors and
non-survivors.

The AUROC curve of MODS and SOFA scores during ICU
admission are shown in Table 4. On the day of admission the AUROC
for the MOD score was 0.510 and for SOFA score was 0.514. After 48
hours of admission it was 0.512 for MODS and 0.587 for SOFA. Both
systems failed to predict mortality on first and second day of
admission. After 96 hours AUROC curve was 0.749 for MODS and
0.779 for SOFA. They both showed an acceptable ability to predict
outcome, with no difference between (P value=0.850). Area under
ROC curve calculated after two weeks of admission was 0.978 for
SOFA and 0.824 for MODS. SOFA represented an excellent ability and
MOD scoring system performed good. After two weeks of admission
SOFA was significantly superior to MODS in predicting mortality (P
value=0.027). AUROC curve calculated for maximum values of SOFA
and MODS were 0.876 and 0.812, showing an equally good
discriminative ability for both systems (Table 4).

Area under ROC curve, when calculated for scores on fourteenth
day, showed a good discriminative function for both tools and
considering maximum scores during the ICU stay period, AUROC

Gender (F/M) 5/78 (93.97) e LU s :
curve for SOFA showed an excellent discriminative function. Cut off
Length of stay (days) 12 points and sensitivity and specificity of both systems are shown in
Table 5.
APACHE Il 14+3
. ) (SOFA) . (MODS) .
Mortality 23 (27.71) Time AUROC SE | 95% CI AUROC SE | 95%Cl | P-value
Table 1: Basic demographic features of study population. y 0514 | 0.077| 0.363- | 051 |0.074| 0.365- B
Initial ’ 0.665 0.656
Time SOFA (Mean £ SD) MODS (Mean * SD) 0.445- 0.350- B
aghour | 0987 100721 o7og | 0512 f0.072) o
Initial 55+1.6 54+1.6
0.662- 0.621-
0.779 0.06 0.742 | 0.062 0.85
48 hour 6.3+1.8 58+1.9 96 hour 0.896 0.863
96 hour 6 +2.36 5822 After 2 : 0.705-
weeks 0.978 |0.013| 0.952-1 0.824 | 0.061 0.944 0.027
Final 5+4 56+4.1
0.773-
. 0.876 0.812 0.692- 0.207
Maximum 84+24 8+219 Maximum 0.052 0.979 0.061 0.931

Table 2: Mean values of SOFA and MOD score for different days.

Table 4: Area under ROC curves, standard errors and 95% of
confidence interval of SOFA and MOD scores for different days.
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Cut off | After 2 Maxi
p:intos weeks | Sensitivity| Specificity Z):::‘:m Sensitivity| Specificity
SOFA

score 4.5 100% 0.771 55 100% 0.104
MOD

score 5 100% 0.062 55 100% 0.104

Table 5: Optimal cut-off points, sensitivity and specificity of maximum
SOFA and MOD scores and of scores on day fourteenth.

Figures 1 and 2 represent the AUROC curve of SOFA and MOD
scoring system respectively, drawn for different days of admission.
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Figure 1: Area under receiver operating curve for maximum SOFA
score and SOFA score on day 1, 2, 4, and 14 after admission.
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Figure 2: Area under receiver operating curve for maximum MOD
score and MOD score on day 1,2,4 and 14 after admission.

Discussion

Our results show that none of these scoring systems has an
acceptable discriminative ability on admission and until 48 hours after.
From the day four and after, they both show an acceptable ability for
outcome prediction. Our trial show that discriminative ability of both
systems increase with elongation of ICU stay and SOFA represents an
excellent discriminant function after two weeks, which is superior to
MODS.

Defining the prognosis and research purposes is not the only goal of
using predicting scoring systems in different subset of patients
admitted to ICU setting [17,18].

Scoring tools facilitate the evaluation of different types of ICU care
and therapy models [19-21]. Predicting scoring systems serve as
applicable tools for qualifying the medical care given to patients in
different ICU settings and different hospitals. Managing hospital
resources is another important utilization of these systems [22,23].
Many scoring systems including APACHEII, and III, Simplified Acute
Physiology Score and Mortality Probability Models (MPM) have been
used for outcome prediction [24-26]. The SOFA score was developed
from a cohort of 1449 patients admitted to 40 ICUs in 16 different
countries. It derived from a consensus conference held by European
Society of Intensive Care and Emergency Medicine. SOFA score is
calculated 24 hours after admission to ICU and every 48 hours
thereafter with regard to function of respiratory, cardiovascular,
hepatic, coagulation, neurologic and renal systems [8,27]. SOFA has
shown as a reliable tool for outcome prediction [27,28]. MODS were
presented as a quantifying tool of organ dysfunction, based on
literature review from 1969 to 1993 and demonstrated a reliable ability
for outcome prediction. Like SOFA, it evaluates the failure of six
systems but not with the same parameters [29]. SOFA and MOD score
have been used in many clinical trials to determine the outcome
prediction ability in mixed ICU patients [5,7,28,29]. Few trials
evaluated and compared the discriminative ability of these tools in
patients with severe traumatic brain injury [16].

Zygun et al. calculated the scores of both systems in 209 patients
with severe head injury. Few percentage of their patients had
coagulation, hepatic or renal failure, so, in fact it was a comparison
between cardiovascular and respiratory components of two systems.
They demonstrated superior discriminative ability for cardiovascular
component of SOFA in comparison with MODS. Interestingly,
respiratory component had no relation to hospital mortality [16].

Severe traumatic brain injury is a category of heterogeneity. Most
patients simultaneously suffer from damage to other internal organs.
In addition to primary brain injury, secondary insults like hypoxia and
hypotension after TBI are common [13,30-33]. Although non-
neurologic organ failure poses a threat on survival, the effect of acute
types of brain injury itself, like epidural and subdural hematoma and
intracerebral hemorrhage must be taken into account. Severe traumatic
brain injury has a mortality rate of 30%. Both scoring tools evaluate the
neurologic system only by calculating the GCS, with no consideration
to CT findings, ICP monitoring or papillary function. This might be a
reason for failure of SOFA and MODS in outcome prediction on
admission and on first two days [32,33].

Both scoring tools evaluate the respiratory and cardiovascular and
renal systems, but not in the same way. These variations may justify the
superiority of SOFA over MODS.
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Cardiovascular component of SOFA includes the mean arterial
pressure and dosage of vasopressors, if used, but in MODS defined
cardiovascular component, only pressure adjusted heart rate is
calculated [15,16]. Mechanical ventilation, if indicated, must be
considered in SOFA but not MOD-defined respiratory score, and in
renal component, adding daily duresis is done only for calculation of
SOFA score.

More studies need to be performed in order to compare available
scoring systems for this specific subset of patients and to introduce
strongly correlated prognostic factors for patients with severe type of
head trauma. This study has been performed in a single trauma center
and on a limited sample size of patients which both are considered as
limitations to the study.

New simplified scoring systems for multiple trauma patients and for
patients with traumatic brain injury have been developed and
externally validated [4]. An ideal tool for subgroup of ICU patients
with severe traumatic brain injury should include all other neurologic
indicators in addition to GCS. Cost-effectiveness, external validation
and a good discrimination and calibration will organize an excellent
plot of a predictive scoring system [34].
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