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Abstract
Background

The Sequential Organ Failure Assessment (SOFA) score is widely used to quantify acute organ
dysfunction, but the original score reflects critical care practice from the 1990s. SOFA-2 was recently
developed to incorporate contemporary organ-support strategies and revised thresholds. We compared
conventional SOFA (SOFA-1) with SOFA-2 and evaluated their organ-specific components for prediction
of intensive care unit (ICU) mortality in patients with multiple trauma.

Methods

This single-center retrospective cohort study included adult trauma patients admitted to the ICU of
Antalya City Hospital, Turkiye, between January 2024 and July 2026 who remained in the ICU for at least
48 h. SOFA-1 and SOFA-2 were calculated from the worst values recorded during the first 24 h after ICU
admission. The primary outcome was ICU mortality. Discrimination was assessed using receiver
operating characteristic curves, and paired areas under the curve (AUCs) were compared using the
DelLong method. Multivariable logistic regression models adjusted for age, sex, and traffic-accident
mechanism. Bootstrap resampling was used for internal validation.

Results

Among 271 patients, 54 died in the ICU (19.9%). SOFA-1 showed excellent discrimination for ICU
mortality (AUC 0.891, 95% CI 0.841-0.934), as did SOFA-2 (AUC 0.892, 95% CI 0.844-0.936). The paired
difference was negligible (AAUC 0.001; DeLong p = 0.883). Exploratory thresholds of = 6 for SOFA-1 and
> 5 for SOFA-2 yielded sensitivities of 87.0% and 85.2% and specificities of 77.0% and 79.7%,
respectively. In adjusted models, each one-point increase was independently associated with ICU
mortality for SOFA-1 (adjusted odds ratio [aOR] 1.69, 95% CI 1.47-1.96) and SOFA-2 (aOR 1.89, 95% Cl
1.58-2.26). Neurological scores provided the greatest component-level discrimination; no clinically
meaningful improvement in organ-specific discrimination was demonstrated with SOFA-2.

Conclusions

In this multiple-trauma ICU cohort, SOFA-2 preserved the excellent mortality discrimination of
conventional SOFA but did not improve total-score AUC. These findings provide additional trauma-
specific evidence on the prognostic performance of SOFA-2 while suggesting that its principal advantage
in this population may be modernization and standardization of organ-dysfunction assessment rather
than a major gain in mortality discrimination.
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Background

Multiple trauma can cause rapidly evolving dysfunction across neurological, respiratory, cardiovascular,
renal, hepatic, and coagulation systems. Quantifying the burden of organ dysfunction early after ICU
admission is therefore clinically and epidemiologically important. The Sequential Organ Failure
Assessment (SOFA) score was introduced in 1996 as a standardized six-organ framework for describing
organ dysfunction in critically ill patients [1]. Subsequent work demonstrated a strong association
between the magnitude and trajectory of SOFA scores and mortality [2].

SOFA has also shown prognostic value in trauma. In a multicenter analysis of 181 trauma patients, non-
survivors had higher global SOFA scores and greater early respiratory, cardiovascular, and neurological
dysfunction than survivors [3]. In a later single-center study of 241 severe trauma patients, SOFA
achieved an AUC of 0.904 for mortality, exceeding the discrimination of APACHE Il in that cohort [4].
These observations support the biological relevance of early multisystem dysfunction after major injury,
but they were generated using the conventional SOFA framework.

Nearly three decades of changes in critical care have altered the drugs, devices, thresholds, and
practices used to support failing organs. SOFA-2 was therefore developed through expert consensus,
systematic evidence synthesis, and data-driven validation in more than 3.3 million ICU encounters
across nine countries [5, 6]. The updated score retains the six original organ systems and 0-4 grading
for each domain while revising variables, thresholds, and organ-support definitions. In international
validation, SOFA-2 showed slightly greater overall discrimination for ICU mortality than SOFA-1 (AUROC
0.79 vs 0.77) [6]. Trauma-specific validation remains important because neurological injury, hemorrhagic
shock, respiratory failure, and trauma-associated coagulopathy may contribute differently to mortality
than in unselected ICU populations.

The primary objective of this study was to compare the ability of SOFA-1 and SOFA-2, calculated from the
worst values during the first 24 h of ICU admission, to discriminate ICU mortality in patients with multiple
trauma. Secondary objectives were to compare the corresponding organ-system components and to
examine whether each score remained independently associated with mortality after adjustment for age,
sex, and trauma mechanism.

Methods
Study design and setting

This single-center retrospective cohort study was conducted at Antalya City Hospital, Antalya, Turkiye.
Adult trauma patients admitted to the ICU between January 2024 and July 2026 were retrospectively
evaluated. Reporting was guided by the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) statement [7].

Page 3/14



Participants

Patients were eligible if they were aged > 18 years, were newly admitted to the ICU because of trauma,
and had an ICU length of stay of at least 48 h. Patients admitted for diagnoses other than trauma and
patients with an ICU stay < 48 h were excluded. The analyzed cohort consisted of patients with
pedestrian traffic accidents and in-vehicle traffic accidents. The final dataset included 271 patients with
complete SOFA-1, SOFA-2, organ-component, and ICU outcome data; therefore, no imputation of missing
score-component or outcome data was required.

Data collection and SOFA assessment

Demographic and clinical data included age, sex, trauma mechanism, ICU length of stay, conventional
SOFA (SOFA-1), updated SOFA (SOFA-2), and the corresponding organ-specific component scores. Sex
was coded as female = 0 and male = 1; trauma mechanism was categorized as pedestrian traffic
accident or in-vehicle traffic accident.

For each patient, SOFA-1 and SOFA-2 were calculated using the worst physiological, laboratory, and
organ-support values documented during the first 24 h after ICU admission. SOFA-1 was scored
according to the conventional six-domain system [1], and SOFA-2 according to the updated definitions
and thresholds [5, 6]. The analyzed domains were neurological, respiratory, cardiovascular, liver, kidney,
and hemostasis. Component variables represented the number of points contributed by each organ
domain to the corresponding total score.

For both SOFA-1 and SOFA-2, the neurological component was based on the last reliable Glasgow Coma
Scale (GCS) assessment obtained before initiation of sedation and/or endotracheal intubation. GCS
values potentially depressed by sedative medication were therefore not used for neurological scoring.
For SOFA-2, the updated neurological scoring rules were applied in accordance with the published SOFA-
2 methodology [5, 6].

Outcome

The primary outcome was all-cause ICU mortality, coded as death = 1 and discharged alive = 0. ICU
length of stay was described but was not entered as a baseline mortality predictor because it is
determined after admission and may be affected by survival time.

Statistical analysis

Continuous variables were summarized as median and interquartile range (IQR), and categorical
variables as counts and percentages. Survivor and non-survivor groups were compared using the Mann-
Whitney U test for continuous variables and the chi-square test for categorical variables. Discrimination
of SOFA-1, SOFA-2, and each organ-system component was quantified by the area under the receiver
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operating characteristic curve (AUC) with 95% confidence intervals. Because SOFA-1 and SOFA-2 were
measured in the same patients, AUCs were compared using the nonparametric paired method of DeLong
et al. [8]. Exploratory cut points were selected by maximizing the Youden index and were not considered
externally validated clinical decision thresholds.

Two parsimonious multivariable logistic regression models were fitted separately to avoid collinearity
between SOFA-1 and SOFA-2. Each model included one SOFA score together with age, sex, and trauma
mechanism. Associations are reported as odds ratios (ORs) with 95% confidence intervals. Model
discrimination was quantified by AUC and overall prediction error by the Brier score. Internal validation of
the multivariable models was performed using 1,000 bootstrap resamples to estimate optimism-
corrected discrimination, consistent with contemporary prediction-model methodology [9]. Given 54
deaths, the number of adjustment variables was intentionally limited to reduce overfitting. Component-
level analyses were considered secondary and exploratory. All tests were two-sided, and p < 0.05 was
considered statistically significant. No formal prospective sample-size calculation was performed
because of the retrospective design; model complexity was constrained by the observed number of
deaths.

Statistical analyses were conducted using Statistical Package for the Social Sciences (SPSS) version
27.0 (IBM Corporation, Armonk, NY, USA). R software version 4.5.2 was used for bootstrap analysis.

Ethics approval

The study was approved by the Antalya City Hospital Scientific Research Ethics Committee (Decision No.
17/136, dated 27 November 2025). The requirement for individual informed consent was waived
because of the retrospective nature of the study. The study was conducted in accordance with the
principles of the Declaration of Helsinki.

Results

Cohort characteristics

The study included 271 patients; 54 died in the ICU, corresponding to an ICU mortality of 19.9%. The
cohort was predominantly male (218/271, 80.4%), and median age was 39 years (IQR 26-60). Non-
survivors were older than survivors (median 53 vs 36 years, p < 0.001). Sex distribution and traffic-
accident mechanism did not differ significantly between outcome groups. Median ICU length of stay was
longer among non-survivors (16 vs 8 days, p = 0.006). Both SOFA-1 and SOFA-2 were substantially higher
in non-survivors (Table 1).
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Table 1

Baseline characteristics according to ICU outcome. IQR, interquartile range; ICU, intensive care unit;
SOFA, Sequential Organ Failure Assessment.

Variable Overall (N = Survivors (n = Non-survivors (n p
271) 217) = 54) value

Age, years, median (IQR) 39 (26-60) 36 (25-57) 53 (35.75-67.75) <
0.001

Male sex, n (%) 218 (80.4%) 175 (80.6%) 43 (79.6%) 0.866

I(n-;/ehicle traffic accident, n 71 (26.2%) 54 (24.9%) 17 (31.5%) 0.324

%

ICU length of stay, days, 9 (4-18) 8 (4-15) 16 (5-46.75) 0.006

median (IQR)

SOFA-1, median (IQR) 4 (2-6) 4 (2-5) 9(7-12) <
0.001

SOFA-2, median (IQR) 3 (1-5) 3 (1-4) 7 (5.25-10) <
0.001

Discrimination and exploratory thresholds

SOFA-1 and SOFA-2 both demonstrated excellent discrimination for ICU mortality. The AUC was 0.891
(95% CI1 0.841-0.934) for SOFA-1 and 0.892 (95% Cl 0.844-0.936) for SOFA-2. The paired AUC difference
was 0.001 and was not statistically significant (DeLong p = 0.883). The exploratory Youden threshold for
SOFA-1 was = 6 (sensitivity 87.0%, specificity 77.0%, positive predictive value 48.5%, negative predictive
value 96.0%). For SOFA-2, the corresponding threshold was > 5 (sensitivity 85.2%, specificity 79.7%,
positive predictive value 51.1%, negative predictive value 95.6%).

At the organ-component level, neurological dysfunction provided the strongest discrimination in both
scoring systems (SOFA-1 AUC 0.849; SOFA-2 AUC 0.861), followed by the cardiovascular component
(0.763 and 0.773, respectively). Renal and respiratory components showed moderate discrimination,
whereas liver and hemostasis components showed limited discrimination. No component demonstrated
a clinically meaningful improvement with SOFA-2. Although the liver-domain AUC difference reached
nominal statistical significance (p = 0.015), both AUCs were close to 0.5 and the absolute difference was
small; this exploratory result should not be interpreted as clinically important (Table 2).
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Table 2

Paired comparison of discrimination for total and organ-specific SOFA-1 and SOFA-2
scores. AUC, area under the receiver operating characteristic curve; GCS, Glasgow

Coma Scale.
Domain SOFA-1 AUC SOFA-2AUC AAUC(2-1) Delongp
Total SOFA 0.891 0.892 0.001 0.883
Neurological (GCS) 0.849 0.861 0.012 0.277
Respiratory 0.685 0.693 0.008 0.481
Cardiovascular 0.763 0.773 0.010 0.321
Liver 0.512 0.526 0.013 0.015
Renal 0.643 0.661 0.018 0.179
Hemostasis 0.601 0.602 0.001 0.960

Multivariable analyses and internal validation

In the model containing SOFA-1, each one-point increase in SOFA-1 was associated with higher odds of
ICU mortality after adjustment for age, sex, and trauma mechanism (aOR 1.69, 95% Cl 1.47-1.96; p <
0.001). Age was also independently associated with mortality, whereas sex and trauma mechanism were
not. The model AUC was 0.907, with a bootstrap optimism-corrected AUC of 0.898.

In the corresponding SOFA-2 model, each one-point increase was associated with an aOR of 1.89 for ICU
mortality (95% Cl 1.58-2.26; p < 0.001). The model AUC was 0.910 and the bootstrap optimism-
corrected AUC was 0.901. The SOFA-2 model had a lower Brier score (0.086 vs 0.090) and lower Akaike
information criterion (165.97 vs 172.21) than the SOFA-1 model; these differences were considered
supportive rather than evidence of formal model superiority because the primary paired discrimination
comparison was not significant. The multivariable results are summarized in Table 3.
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Table 3

Multivariable logistic regression models for ICU mortality. OR, odds ratio; AUC, area under the receiver
operating characteristic curve.

Model / variable Adjusted OR (95% P Model Bootstrap-corrected
Cl) value AUC AUC
SOFA-1 model 0.907 0.898
SOFA-1, per point 1.69 (1.47-1.96) <
0.001
Age, per year 1.032 (1.011- 0.003
1.054)
Male vs female 0.96 (0.36-2.54) 0.928
In-vehicle vs non-vehicle 0.65 (0.25-1.70) 0.384
accident
SOFA-2 model 0.910 0.901
SOFA-2, per point 1.89 (1.58-2.26) <
0.001
Age, per year 1.033 (1.011- 0.003
1.055)
Male vs female 0.78 (0.29-2.08) 0.617
In-vehicle vs non-vehicle 0.75(0.29-1.93) 0.553
accident
Discussion

In this retrospective cohort of 271 critically ill patients with multiple trauma, both conventional SOFA and
SOFA-2 demonstrated excellent discrimination for ICU mortality. The principal finding was the virtually
identical performance of the two total scores, with an AUC of 0.891 for SOFA-1 and 0.892 for SOFA-2
(AAUC =0.0009; DeLong p = 0.883). SOFA-2 nevertheless remained strongly and independently
associated with ICU mortality after adjustment for age, sex, and trauma mechanism, and the adjusted
model retained good discrimination after bootstrap internal validation. These findings suggest that
SOFA-2 preserves the strong prognostic information provided by conventional SOFA in critically ill trauma
patients but does not confer a measurable improvement in rank-order discrimination for ICU mortality in
this cohort.

Our findings should be interpreted in the context of the original SOFA-2 development and validation study
and subsequent external validations. In the international SOFA-2 study, which included more than

3.3 million ICU encounters, SOFA-2 demonstrated modestly higher discrimination for ICU mortality than
SOFA-1 (AUROC 0.79 vs 0.77) [6]. Subsequent external validations have generally reported similar or
improved discrimination with SOFA-2, but the magnitude of improvement has varied. In MIMIC-IV, SOFA-2
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achieved an AUROC of 0.829 compared with 0.796 for SOFA-1 [10]. In the Japanese OnelCU database,
the difference was much smaller (0.859 vs 0.853), despite statistical significance in a very large cohort
[11]. A large Chinese multicenter validation likewise reported higher discrimination with SOFA-2 (0.809 vs
0.767) [12]. Taken together, these findings indicate that the incremental discrimination gained with SOFA-
2 is case-mix dependent. The absence of an AUC improvement in our cohort therefore does not
contradict the validity of SOFA-2; rather, conventional SOFA already demonstrated high discrimination in
this selected trauma population, leaving limited room for further improvement in AUC.

Our SOFA-1 performance is consistent with earlier trauma literature. Antonelli et al. demonstrated that
SOFA reliably characterized organ dysfunction and identified trauma patients at increased risk of
prolonged ICU stay or death [3]. Lee et al. subsequently reported an AUC of approximately 0.90 for
mortality prediction with SOFA in critically ill trauma patients [4], closely resembling the AUC of 0.891
observed in the present cohort. Other trauma studies have likewise linked SOFA-defined multiple organ
dysfunction with mortality and adverse outcomes [13—15]. A simplified SOFA approach has also been
associated with 30-day trauma mortality in a resource-limited setting [16], while gSOFA studies using
trauma registries support the prognostic relevance of early physiologic and neurologic derangement
after injury [17, 18]. Collectively, these findings support the concept that organ dysfunction during the
early post-injury period contains substantial prognostic information in severely injured patients.

Very recent trauma-specific data provide further context. In a four-center cohort of 2,162 severely injured
patients, application of SOFA-2 reduced the proportion classified as having multiple organ dysfunction
syndrome compared with SOFA-1 (61.6% vs 68.5%) and produced lower first-day total scores,
predominantly because of changes in respiratory and cardiovascular scoring [19]. Higher SOFA-2
respiratory, cardiovascular, and renal dysfunction remained associated with critical care mortality. That
study primarily addressed organ-dysfunction classification and was available as a preprint at the time of
preparation of the present manuscript [19]. Our study addresses a complementary question by directly
comparing paired mortality discrimination of the two total scores and their organ-specific components in
a contemporary trauma ICU cohort.

The absence of a significant increase in AUC should not be interpreted as evidence that the SOFA-2
update lacks clinical value. SOFA was originally developed primarily as a standardized description of
organ dysfunction rather than as a stand-alone mortality prediction model [1, 2], whereas SOFA-2 was
designed to modernize this framework by incorporating contemporary organ-support practices, revised
thresholds, alternative variables, and more explicit scoring rules [5, 6]. Improvements in measurement
validity and contemporary clinical relevance do not necessarily translate into large increases in AUC,
particularly when baseline discrimination is already high. Consistent with this interpretation, the SOFA-2
adjusted model in our cohort showed slightly lower prediction error and AIC than the corresponding
SOFA-1 model, although these secondary findings should be considered supportive rather than evidence
of statistical superiority.
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The organ-specific analyses provide additional insight into the performance of the two scores in trauma.
Neurological dysfunction showed the highest individual discrimination for ICU mortality in both systems
(AUC 0.849 for GCS-1 and 0.861 for GCS-2), followed by cardiovascular dysfunction. This pattern is
biologically plausible in a trauma population, in which traumatic brain injury, impaired consciousness,
hemorrhagic shock, and circulatory failure are major determinants of early outcome. Previous trauma
studies have demonstrated strong prognostic performance of GCS and other neurologic or physiologic
scoring approaches [20, 21]. Respiratory, cardiovascular, renal, and hemostatic components showed no
statistically significant differences between the two SOFA systems. Although the liver-domain
comparison reached nominal statistical significance, both AUCs were close to 0.50 and the absolute
difference was minimal; therefore, this finding is unlikely to represent clinically meaningful discrimination
and may reflect multiple testing. Organ-component analyses should consequently be regarded as
exploratory.

The exploratory cutoffs identified in this study should also be interpreted cautiously. SOFA-1 = 6 and
SOFA-2 = 5 yielded negative predictive values exceeding 95%, suggesting that lower scores may identify
a group at relatively low risk of ICU mortality. However, predictive values are prevalence-dependent, and
these thresholds were derived and evaluated in the same cohort. They should therefore not be
interpreted as validated triage or treatment thresholds [9]. Moreover, discrimination alone does not
establish the reliability of individual predicted risks; calibration, external validation, and assessment of
clinical utility remain essential before a prognostic score or threshold is used to support individual
decision-making [22, 23].

Several features strengthen the present study. SOFA-1 and SOFA-2 were calculated in the same patients
over the same first-24-h observation window, allowing a direct paired comparison without between-
cohort differences. The analysis included all six organ-specific components, thereby examining not only
overall discrimination but also the domains potentially responsible for differences between scoring
systems. Multivariable models were deliberately parsimonious given the number of mortality events, and
bootstrap internal validation demonstrated only modest optimism in model discrimination. This
approach is consistent with contemporary recommendations that prediction-model performance should
be assessed beyond apparent in-sample discrimination and that internal validation be used to quantify
optimism [9, 22, 23].

Several limitations should nevertheless be emphasized. First, this was a retrospective single-center
study, and the findings may not generalize to trauma systems with different case mix, referral patterns, or
critical care practices. Second, eligibility required an ICU stay of at least 48 h. Patients who died or were
discharged before 48 h were therefore excluded, introducing potential selection and survivorship bias. In
particular, exclusion of patients with rapidly fatal injuries may have altered the observed mortality rate
and the distribution and prognostic performance of neurological, cardiovascular, and other organ
dysfunction components. Contemporary trauma data indicate that clinically important organ dysfunction
and associated deaths may occur early after injury [15]. The present findings should consequently be
interpreted as applying to trauma patients who survived and remained in intensive care for at least 48 h
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rather than to all patients admitted after major trauma. Third, Injury Severity Score (ISS) and Abbreviated
Injury Scale (AIS) data were unavailable, preventing adjustment for anatomical injury severity and limiting
comparison with established trauma-specific prognostic approaches. This is important because ISS
remains a foundational anatomical severity metric [24], and AlS-based models demonstrate the
prognostic contribution of detailed anatomical injury information [25, 26]. Fourth, the cohort was
restricted to the traffic-related trauma mechanisms represented in our database, which may further limit
generalizability. Fifth, residual confounding from traumatic brain injury severity, comorbidity, transfusion
burden, operative interventions, and treatment-limitation decisions cannot be excluded. Sixth, scores
were based on the worst measurements recorded during the first 24 h after ICU admission; therefore, the
study evaluates early ICU prognostication rather than prediction available immediately at admission.
Seventh, although pre-sedation GCS values were used to minimize drug-related distortion of neurological
scoring, retrospective documentation may still have introduced measurement error. Finally, the organ-
component analyses and cutoffs were exploratory and internally derived, and independent external
validation is required.

Conclusions

SOFA-2 demonstrated excellent discrimination for ICU mortality in critically ill patients with multiple
trauma and performed almost identically to conventional SOFA at the total-score level. The updated
score remained strongly associated with mortality after adjustment for age, sex, and traffic-accident
mechanism, but it did not provide a statistically significant improvement in AUC. In trauma care, the
principal advantage of SOFA-2 may therefore lie in contemporary and standardized organ-dysfunction
assessment while preserving established prognostic performance. Multicenter external validation
incorporating anatomical injury severity is warranted.
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