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Abstract
Purpose This study aimed to investigate whether incorporating pre-injury health status, measured by the American 
Society of Anesthesiologists (ASA) score, improves outcome prediction models for moderate-to-severe traumatic 
brain injury (msTBI) patients.

Methods We conducted a retrospective single-center study of msTBI patients (2005–2021). The primary outcome 
was 1-year Glasgow Outcome Scale (GOS, dichotomized as GOS1-3 (unfavorable) vs. 4–5 (favorable)), and secondary 
outcome was 90-day mortality. Logistic regression evaluated the contribution of ASA score to the International 
Mission for Prognosis and Clinical Trials in Traumatic Brain Injury (IMPACT) core + CT outcome prediction model 
incorporating age, admission GCS, pupillary reactivity, Marshall CT classification, hypoxia, hypotension, epidural 
hematoma, and subarachnoid hemorrhage.

Results Among the 720 adult patients that were included 51% had an unfavorable GOS at 1 year. The 90-day 
mortality was 19%. ASA score and TRISS were independently associated with both outcomes (p < 0.001). Incorporating 
the ASA score to our IMPACT model significantly enhanced its explanatory value of dichotomized GOS (35% vs. 32% 
variance explained, p < 0.001) and improved the model’s prognostic accuracy.

Conclusion In this retrospective single-center cohort study, we found that ASA score improves existing prognostic 
models for msTBI. Incorporating this simple comorbidity measure could enhance outcome prediction and support 
more personalized acute management. Future prospective studies are needed to validate these results.
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Introduction
Traumatic Brain Injury (TBI) represents a significant 
global health concern [1]. While historically consid-
ered a condition primarily affecting the young, it is now 
increasingly impacting the elderly population [2]. Accu-
rate prediction of outcomes in TBI cases is crucial, as it 
influences patient management, policymaking, resource 
allocation, and clinical trial design [3]. Current prognos-
tic models, such as the Corticosteroid Randomization 
After Significant Head Injury (CRASH) and the Inter-
national Mission for Prognosis and Analysis of Clinical 
Trials in TBI (IMPACT) models, utilize demographic, 
clinical, biochemical, and radiological variables to pre-
dict outcomes after TBI, such as Glasgow Outcome Scale 
(GOS) [4–6]. Despite these advancements, these models 
explain only about 25–40% of the variance in predicted 
outcomes, even when combined with serum protein bio-
markers of brain injury, more granular imaging metrics at 
admission, and data from the intensive care unit period 
[7–12]. This suggests that much of the variance in these 
prediction models cannot be explained by the trauma 
and subsequent injuries alone, pointing to the potential 
influence of other factors not generally included in TBI 
studies.

The Trauma and Injury Severity Score (TRISS) is a 
well-established mortality prediction tool in trauma care, 
integrating anatomical and physiological parameters 
to estimate the probability of survival [13, 14]. The ana-
tomical component is derived from the Injury Severity 
Score (ISS), which calculates a total based on the squared 
Abbreviated Injury Scale (AIS) scores of the three most 
severely injured body regions. The physiological com-
ponent is based on the Revised Trauma Score (RTS). 
While TRISS is well-established in general trauma [15] 
its performance in specific subgroups is fully studied. In 
our previous study, TRISS demonstrated poor correla-
tion with mortality in complicated mild TBI (mTBI) [16], 
but it holds promise as a prognostic tool in moderate-to-
severe (ms-) TBI, as supported by other studies [17].

Age is frequently included in these models and is 
widely recognized as a negative predictive factor due to 
the increased physiological vulnerability and the higher 
likelihood of pre-existing health conditions in older 
adults [2, 18]. The presence of comorbidities, a prevalent 
issue among the elderly, further complicates manage-
ment, recovery, and prognosis. However, the impact of 
comorbidities on TBI outcomes has been challenging to 
quantify, partly due to the varied ways comorbidities are 
defined and measured across studies [19].

The American Society of Anesthesiologists (ASA) 
score, a globally recognized tool for preoperative assess-
ment, categorizes patients based on their overall health 
status and pre-existing comorbidities [20]. It has dem-
onstrated reliability in assessing comorbidity burden 

and has been identified as an independent predictor of 
in-hospital and 30-day mortality following trauma [21, 
22]. Studies assessing ASA score in TBI are scarce [18], 
especially in the more severe spectrum. Our previous 
research in mild complicated TBI has found ASA-score 
to be the strongest predictor of long-term health related 
quality of life after TBI [23] and an independent predic-
tor of 90-day mortality after mild TBI [24], highlighting 
its potential as a valuable tool for outcome prediction in 
TBI patients with milder injuries.

This study seeks to explore further the prognostic 
impact of comorbidities, as quantified by the ASA score, 
on the long-term outcomes following msTBI. Under-
standing these long-term outcomes is crucial for devel-
oping tailored treatment plans, informing patients and 
families about prognosis, and guiding healthcare policies 
to improve care for TBI patients.

Methods
Study design and ethical approval
This retrospective, single-center study received approval 
from the Swedish Ethical Review Authority (Dnr: 2019–
04476 with amendments 2022-06135-02 and 2023-
02224-02). The primary outcome was the 1-year Glasgow 
Outcome Scale (GOS), and a secondary outcome of 
90-day mortality. The Swedish Ethical Review Authority 
waivered the need for informed consent.

Study population
The study included adults (aged ≥ 15 years) admitted to 
the neurosurgical department at Karolinska University 
Hospital, the region’s trauma center, from 2005 to 2021. 
Exclusion criteria were patients lacking essential data 
such as ASA-score or admission imaging, or those trans-
ferred from other hospitals for convalescent care.

Data collection
The TBI-registry at Karolinska University Hospital, and 
the Swedish trauma registry (SweTrau) were used for 
data collection. The TBI registry includes all TBI-patients 
treated by the neurosurgical department. SweTrau is 
based on the revised Utstein template [25]. Patients 
with TBI were identified from the local trauma database 
including all patients in Region Stockholm requiring neu-
rosurgical management or monitoring for their TBI. Col-
lected demographic data from medical records included 
the first recorded measurements of Glasgow Coma 
Scale (GCS), systolic blood pressure (SBP) (hypotension 
if < 90mmHg at the scene of accident), pupillary reaction 
(defined as normal, one pupil without light reflex or if 
bilaterally absent, at hospital admission), oxygen satura-
tion (hypoxia if < 90% saturation at the scene of accident).
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Assessment tools and scoring systems
Multiple scoring systems and models were employed. 
Accredited and independent professionals performed 
the scoring of AIS and ASA scores. The AIS scoring was 
based on the assessment of retrospective clinical and 
radiological findings per established guidelines [26]. Reg-
ular quality control of AIS scoring is performed through 
randomized validation checks. In cases of significant 
discrepancies, a panel of multiple certified professionals 
conducts a comprehensive review. The pre-injury ASA 
score was either established by the treating physician at 
the time of care or retrospectively determined through 
assessment of the medical record.

ASA-score
The ASA score assesses a patient’s preoperative health 
status, ranging from ASA I (“healthy”) to ASA VI (“brain-
dead, organ donation”) [20].

Injury severity scores and polytrauma
AIS is an anatomical trauma score primarily based on 
radiological findings [27, 28]. Injuries are graded between 
1 (minor) to 6 (maximal, fatal), and divided into eight dif-
ferent anatomical regions; head, face, neck, thorax, abdo-
men, spine, upper extremities, lower extremities, and 
external. Polytrauma is here defined as significant trau-
matic injuries (AIS ≥ 3), in 3 or more body regions [29]. 
The injury severity score (ISS) is an anatomical scoring 
system that provides an overall score for patients with 
multiple injuries. Each injury is assigned an AIS allocated 
to one of six body regions. The highest AIS score in each 
body region is used and ISS ranges from 0 to 75. The 
new injury seerity score (NISS) considers the three most 
severe AIS scores, regardless of the body region. The 
scores are squared (e.g., 3 becomes 9) and then summed 
with no upper limit.

Trauma and Injury Severity score
The Trauma and Injury Severity Score (TRISS) is a widely 
recognized method used to predict the likelihood of 
survival following a traumatic injury. It combines the 
Revised Trauma Score (RTS), which includes physiologi-
cal parameters like respiratory rate, systolic blood pres-
sure, and GCS, with the ISS and the patient’s age [14, 30]. 
Its complete formula is detailed in Supplementary Table 
1.

IMPACT
IMPACT is a prognostic model that consolidates data 
from eight randomized controlled trials and three obser-
vational studies spanning 1984 to 1997 [5, 6]. We used 
the parameters of the core + CT model that include age, 
motor score, pupillary reactivity, hypoxia, hypotension, 
Marshall CT classification, and presence of epidural 

hematoma (EDH) and traumatic subarachnoid hemor-
rhage (trSAH).

Glasgow outcome scale
GOS is a 5-level scale that was developed to assess global 
disability after TBI: GOS 1 = dead, GOS 2 = vegetative 
state, GOS 3 = severe, dependent state, GOS 4 = mod-
erately recovered, independent state, and GOS 5 = good 
recovery [31]. GOS was assessed clinically at 3–6 months 
post-trauma at outpatient clinical visits, and at around 
12 months via questionnaire. GOS was further dichoto-
mized into favorable (GOS 4–5) and unfavorable (GOS 
1–3) outcome.

Statistical analysis
All data was analysed using R [32] through the visual 
interface R-studio (v. 2022.07.2 Build 576, PBC, USA). 
Normality was tested with the Shapiro-Wilk test. Results 
are presented as median with interquartile range for con-
tinuous data, and n (%) for nominal data, if not stated 
otherwise. Baseline characteristics were assessed using 
the Mann-Whitney U test for quantitative variables, 
chi-squared test for categorical variables with expected 
count of at least 5, and Fischer’s exact test for categorical 
variables with expected count of less than 5, and ordered 
logit for ordinal variables. The significance level was set 
to 0.05. Logistic regression analyses, both univariable and 
multivariable, assessed the impact of various factors on 
the 12-month GOS.

Missing data
To address the missing data within our dataset, we 
employed the technique of multiple imputation (MI), 
performing seven separate imputations as recommended 
by established statistical literature and the IMPACT 
research group [33, 34]. The median was computed for 
p-values [35], and an average is presented for the remain-
ing variables.

Results
Demographics
A total of 720 patients with msTBI were included in our 
analysis (Supplementary Fig. 1). The demographics, out-
lined in Table  1, revealed a male predominance (74.3%) 
with a median age of 51 years. Half of the cohort (49%) 
were healthy (ASA score 1), whereas 23% had a severe 
systemic disease (ASA score of 3 or 4). The most com-
mon mechanisms of injury were low-energy falls (33.4%), 
followed by high-energy falls (21.7%). The patient cohort 
was severely injured with a median ISS of 25, with a third 
(34.8%) of the patients experiencing polytrauma. EDH 
and trSAH were noted in 50% and 60% of cases, respec-
tively. One-year outcomes ranged across the GOS spec-
trum with half of the cohort (49%) having a favorable 
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Parameter Subcategory or units Numerical median [IQR] or number (%)
Pre-admission data
Age Years 51 [31, 65]
Gender Male 535 (74%)
ASA score 1. Healthy 356 (49%)

2. Mild systemic disease 200 (28%)
3. Severe systemic disease 151 (21%)
4. Severe systemic disease with constant threat to life 13 (1.8%)

MOI Traffic accident 128 (28%)
Assault 7 (1.5%)
Blunt trauma 63 (14%)
Low energy fall 160 (34%)
High energy fall 104 (22%)
Other 2 (0.4%)
Unknown 256

Polytrauma Yes 250 (35%)
Unknown 2

Alcohol Present 240 (36%)
Unknown 50

Admission data
GCS 3–8 529 (73%)

9–12 191 (27%)
TRISS points 79 [54, 91]

Unknown 281
NISS points 41 [27, 50]

Unknown 241
Hypoxia Yes 89 (17%)

Unknown 209
Hypotension Yes 28 (3.9%)

Unknown 9
Pupillary reaction Responsive 518 (76%)

Unilateral unresponsive 53 (7.7%)
Bilateral unresponsive 115 (17%)
Unknown 34

Radiology
trSDH Yes 380 (60%)

Unknown 82
EDH Yes 318 (50%)

Unknown 82
Marshall classification II 246 (34%)

III 112 (16%)
IV 21 (2.9%)
V 63 (8.8%)
VI 278 (39%)

Outcome
Mortality 90-day Yes 133 (19%)

Unknown 4
Time to assessment Days 345 [174, 516]

Table 1 Demographic characteristics
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outcome (GOS 4–5) after 12 months. A fifth of the 
cohort (20.0%) were deceased (GOS 1), of which the vast 
majority (19% of the cohort and 92% of the deceased) 
died within the first 90 days. TRISS suggested a median 
survival probability of 79%, slightly lower than the 
observed 90-day mortality (Fig. 1). The median length of 

hospital stay was 13 days, and follow-up post-trauma was 
conducted at a median of 345 days.

One-year outcome
Age, ASA score, GCS, TRISS, NISS, and pupillary 
reaction were all strong predictors of 1-year outcome 
(p < 0.001, Table  2). A higher ASA score was associated 

Fig. 1 TRISS. The figure compares the predicted versus observed survival rates with TRISS at 1-year (GOS 1). The x-axis displays the predicted survival prob-
ability based on the TRISS, while the y-axis shows the observed survival rate. The diagonal dashed line represents the line of perfect prediction where the 
predicted probabilities match the observed outcomes exactly. Points above this line indicate better than expected survival rates, while points below the 
line suggest lower than expected survival. GOS: Glasgow Outcome Scale, TRISS: Trauma and Injury Severity Score

 

Parameter Subcategory or units Numerical median [IQR] or number (%)
GOS 1 year 1. Death 144 (20%)

2. Vegetative state 7 (1.0%)
3. Severe disability 216 (30%)
4. Moderate disability 240 (33%)
5. Good recovery 113 (16%)
4–5 Favorable outcome 353 (49%)

Demography of included patients with complete data. Results expressed in median and (IQR) as well as numeric values and (%). ASA: American Society of 
Anesthesiologists Classification; MOI: Mechanism of injury; GCS: Glasgow Coma Scale; NISS: New Injury Severity Score; TRISS: Trauma and Injury Severity Score; GOS: 
Glasgow Outcome Scale

Table 1 (continued) 
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with lower GOS at 1 year (Fig. 2). ASA score of 4 was not 
significant, probably due to the low prevalence (n = 16, 
2%) and was combined with ASA score 3 in the analysis. 
The Nagelkerke pseudo-R² values showed that TRISS was 
the parameter with the most significant contribution to 
the model, explaining 17% of the variance in outcomes.

Our IMPACT model, a combination of age, GCS, pupil-
lary reaction, hypoxia, hypotension, and the radiological 
parameters Marshall CT classification, epidural hema-
toma and subarachnoid hemorrhage, had a pseudo-R² of 
0.32 (Table 3). Adding ASA score significantly improved 
the model (p < 0.001), the explanatory value increasing 
to 35%, with a slight increase in the area under the curve 
(AUC), and decrease of the Akaike information criterion 
(AIC) (Fig. 3).

90-day mortality
ASA score, GCS, TRISS and NISS were indepen-
dently predictors of 90-day mortality (Table  4; Fig.  4). 

Hypotension, but not hypoxia, and only bilateral abnor-
mal pupillary reaction to light, not unilateral was predic-
tive of mortality.

Discussion
This study aimed to investigate the prognostic impact of 
pre-injury health status assessed with the ASA score on 
long-term outcomes in patients with msTBI. Our main 
findings demonstrate that ASA score is independently 
associated to 1-year outcomes and 90-day mortality after 
msTBI, even when accounting for known strong predic-
tors such as age, GCS, pupillary reactivity, and radiologi-
cal classifications.

Consistent with previous research, we found age to be a 
significant predictor of outcome [2–5, 7, 18, 34], but ASA 
score contributed additional explanatory power beyond 
age alone. Although frailty and age are frequently corre-
lated, they represent distinct dimensions of patient vul-
nerability, reflecting the important difference between 

Table 2 Parameters and GOS 1 year
Dichotomized GOS Non-dichotomized GOS

Parameters p-value Nagelkerke pseudo R2 OR AUC AIC Nagelkerke pseudo R2 AUC AIC n
Pre-admission
Age < 0.001 * 0.16 0.96

(0.95–0.97)
0.70 910 0.132 0.627 1909 720

Gender (Female) 0.253 0.82
(0.59–1.15)

0.52 1001 0.003 0.507 2002 720

ASA score 0.14 0.66 928 0.121 0.564 1921 720
2 < 0.001 * 0.49

(0.34–0.69)
3 < 0.001 * 0.22

(0.14–0.33)
4 0.968 0

(0-135065.07)
Polytrauma (Yes) 0.453 1.13

(0.83–1.53)
0.51 998 0.001 0.5 1998 718

Alc (No) < 0.001 * 0.04 0.47
(0.34–0.64)

0.59 911 0.031 0.5 1847 670

Admission
GCS < 0.001 * 0.05 1.13

(1.08–1.18)
0.60 975 0.043 0.594 1975 720

TRISS < 0.001 * 0.17 1.03
(1.02–1.04)

0.72 550 0.171 0.684 1147 439

Hypoxia (Yes) 0.013 * 0.02 0.55
(0.34–0.88)

0.54 706 0.016 0.553 1416 511

Hypotension (Yes) 0.073 0.48 (0.2–1.04) 0.51 986 0.012 0.525 1973 711
Pupils 0.13 0.63 888 0.154 0.626 1806 686
unilateral 0.001 * 0.37 (0.2–0.67)
bilateral < 0.001 * 0.16 (0.1–0.26)
Radiology
trSAH 0.197 1.23 (0.9–1.69) 0.53 887 0.002 0.5 1764 638
EDH 0.342 1.16

(0.85–1.59)
0.52 888 0 0.5 1764 638

Summary of factors influencing the GOS at 1-year post-admission. Statistical significance was assessed using p-values, with effect sizes quantified by odds ratios 
(OR). AUC: Area Under the Curve; AIC: Akaike Information Criterion; ASA: American Society of Anesthesiologists Classification; GCS: Glasgow Coma Scale; TRISS: 
Trauma and Injury Severity Score; Alc: Alcohol; trSAH: traumatic subarachnoid hemorrhage; EDH: epidural hematoma
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chronological age and biological aging status [36]. To 
our knowledge, this study is the first to evaluate the ASA 
score’s prognostic relevance in msTBI patients. Initially 
developed to assess outcomes from anesthesia [37], ASA 
score has increasingly been correlated to many differ-
ent surgical procedures [38], general trauma [21, 39] and 
recently complicated mTBI [24]. The predictive value of 
comorbidities and frailty in TBI has been studied more 
extensively, but with contradictory results. Some studies 
have found a strong correlation between mortality and 
comorbidities, especially long-term mortality [19, 40, 
41], whereas other did not [19, 41, 42], especially short-
term mortality. How comorbidity and frailty is measured 
varies between the studies, a recognized weakness in 
the field [41]. The Charlson Comorbidity Index (CCI) 
evaluates patient status based on age and 17 predefined 
comorbidities [43]. While the CCI benefits from requir-
ing only patient chart review, it is limited by its focus on 
comorbidities without consideration of frailty. Frailty 

Table 3 ASA and TRISS in multivariable analysis with IMPACT 
extended variables
Parameters p-value Nagelker-

ke pseudo 
R2

AUC AIC n

IMPACT CT 0.321 0.793 822 720
IMPACT CT + ASA 
score

< 0.001 * 0.351 0.805 806 720

IMPACT CT + TRISS 0.014* 0.344 0.803 807 720
IMPACT core + CT model consists of age, motor score, pupillary reactivity, 
hypoxia, hypotension, Marshall classification, and occurrence of epidural 
hematoma and traumatic subarachnoid hemorrhage at hospital admission. 
Nagelkerke’s pseudo-R2 values are from multivariable regression models, where 
a value of 1 would fully predict unfavorable versus favorable outcome (GOS 1–3 
versus 4–5). ASA score and TRISS significantly added independent information 
to the model, described by the p-values. Missing data was imputated to obtain 
a sample of 720. IMPACT: International Mission for Prognosis and Analysis of 
Clinical Trials in TBI; ASA: American Society of Anesthesiologists Classification; 
TRISS: Trauma and Injury Severity Score; AUC: Area Under the Curve; AIC: Akaike 
Information Criterion

Fig. 2 GOS vs. ASA. Illustration of the distribution of GOS one-year post-injury stratified by ASA score. Each bar represents the proportion of each outcome 
within the respective ASA category, conveying the relationship between pre-injury health status as measured by ASA scores and the long-term recovery 
trajectory of patients with traumatic brain injury. GOS: Glasgow Outcome Scale, ASA: American Society of Anesthesiologists Classification
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Fig. 3 ROC curves evaluating the predictive performance of the IMPACT CT model alone (purple line) or enhanced with ASA score (blue line). Part A 
shows the ROC curve for unfavorable outcomes at 1 year (GOS 1–3), and Part B for 90-day mortality. The diagonal line from the bottom left to the top 
right serves as a reference indicating the performance of a non-discriminatory model; points above this line reflect a model with better predictive ability. 
ROC: Receiver Operating Characteristic, IMPACT: International Mission for Prognosis and Analysis of Clinical Trials in TBI, GOS: Glasgow Outcome Scale, ASA: 
American Society of Anesthesiologists Classification
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assessment tools, such as the Clinical Frailty Scale (CFS) 
[44], provide comprehensive evaluation of functional 
frailty but necessitate both patient interviews and spe-
cialized training for accurate implementation [45, 46]. 
The ASA score can be rapidly determined using read-
ily available chart data and uniquely encompasses both 
comorbidity burden [39] and functional frailty assess-
ment [37] which makes it a promising tool in the man-
agement of TBI patients.

The current predictive models demonstrate a modest 
explanatory power, accounting for approximately 35% 
when relying on admission variables alone [3, 8] with 
an additional 5% improvement when incorporating data 
available during the critical care phase [47]. Although 
the 3% increase in explanatory power achieved by or 
IMPACT model + ASA might appear minor, it actually 
represents a relative improvement of 9.3%, aligning with 
similar advancements reported in other studies [48–50]. 
As predictive models grow more sophisticated, identify-
ing variables that meaningfully enhance performance 
becomes increasingly difficult. Given the ease of obtain-
ing the ASA score, this enhancement could lead to better 
risk stratification and more informed clinical decision-
making, potentially improving patient outcomes: It is also 
a convenient tool for research, as it doesn’t require any 
information outside the patient’s chart and can therefore 
be obtained retrospectively. Comparing the significance 

of ASA score with other frailty and comorbidity indices is 
needed to assess its broader clinical implications.

TRISS was more associated with mortality than to 
long-term functional outcome in our study. The impact 
of injury severity seems to be correlated to short term 
outcome while other factors might shape the trajec-
tory of survivors [41, 51]. The strong predictive value of 
TRISS suggests that extracranial injuries significantly 
contribute to global outcomes. TBI is a well-recognized 
risk factor in polytrauma [52], but polytrauma should 
maybe be more recognized as a risk factor in TBI as well. 
Prognostic models that focus on intracranial pathology 
and physiology may overlook the cumulative burden of 
polytrauma [11] and could be enhanced by better incor-
porating extracranial trauma severity and the cumulative 
effects of polytrauma.

Our study is not without its limitations. As a single 
center study in a level I hospital in Sweden, our find-
ings may not be fully generalizable to other settings. The 
retrospective design restricted our analysis to available 
data, leading to some missing values addressed through 
imputation, introducing information- and representation 
bias. We tried to mitigate this by averaging the imputa-
tions over seven iterations, with each imputation model 
constructed to include variables that were predictors 
of both the presence of missing data and the outcome, 
thereby adhering to the Missing at Random (MAR) 
assumption, to produce more solid estimates. Thus, while 

Table 4 90-day mortality
Parameters p-value Nagelkerke pseudo R2 OR AUC AIC n
Pre-admission
Age < 0.001 * 0.10 1.04 (1.03–1.05) 0.679 647 720
Gender (Female) 0.201 1.31 (0.86–1.98) 0.527 690 720
ASA score 0.09 0 (0–0) 0.653 654 720
2 0.105 1.5 (0.91–2.46)
3 < 0.001 * 3.81 (2.4–6.1)
4 < 0.001 * 10.47 (3.2-36.79)
Polytrauma (Yes) 0.137 0.73 (0.48–1.1) 0.534 688 718
Alc (No) 0.016 * 0.02 1.7 (1.12–2.64) 0.557 650 670
Admission
GCS < 0.001 * 0.07 0.83 (0.77–0.89) 0.624 661 720
TRISS < 0.001 * 0.21 0.97 (0.96–0.97) 0.782 357 439
Hypoxia (Yes) 0.524 1.21 (0.66–2.11) 0.514 485 511
Hypotension (Yes) 0.001 * 0.02 3.57 (1.61–7.7) 0.532 669 711
Pupils 0.19 0 (0–0) 0.697 567 686
unilateral 0.349 1.47 (0.62–3.12)
bilateral < 0.001 * 8.66 (5.49–13.77)
Radiology
SAH 0.811 0.95 (0.62–1.44) 0.506 586 638
EDH 0.902 1.03 (0.68–1.55) 0.503 586 638
Assessed parameters affecting 90-day mortality. Statistical significance is evaluated by p-values, with odds ratios (OR) providing the likelihood of mortality. The 
model’s explanatory power is quantified by Nagelkerke’s pseudo-R², and its predictive accuracy is indicated by AUC values. AUC: Area Under the Curve; AIC: Akaike 
Information Criterion; ASA: American Society of Anesthesiologists Classification; GCS: Glasgow Coma Scale; TRISS: Trauma and Injury Severity Score; Alc: Alcohol; 
trSAH: traumatic subarachnoid hemorrhage; EDH: epidural hematoma
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imputation helped maintain the robustness of our data-
set, it is important to interpret these results with caution, 
acknowledging the inherent limitations of retrospec-
tive data collection and the assumptions underlying the 
imputation techniques used. The retrospective design 
also introduces a potential treatment bias, as it is possible 
that patients with high ASA will not have their treatment 
escalated and care might be withheld or withdrawn due 
to severe comorbidities. However, our experience is that 
very few patients are admitted to our intensive care units 
unless they are deemed to have salvageable injuries and 
a potential for increased life-quality following their care. 
In conclusion, this is to the best of our knowledge the 
first study to analyze the added predictive value of ASA 
score on msTBI. The study found that pre-injury health 
measured by ASA score has a strong independent asso-
ciation to outcome and mortality and adding ASA to our 

IMPACT model led to a small but statistically significant 
improvement. Future research is warranted to confirm 
our findings, and the role ASA may play in comparisons 
of other frailty and morbidity scores in TBI research.
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AUC  Area under the curve
CRASH  Corticosteroid Randomization After Significant Head Injury
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GOS  Glasgow Outcome Scale
IMPACT  International Mission for Prognosis and Analysis of Clinical Trials in 

TBI
ISS  Injury severity score
MAR  Missing at Random
msTBI  Moderate-to-severe TBI
NISS  New injury severity score
ROC  Receiver Operating Characteristic

Fig. 4 90-day mortality and ASA score. Kaplan-Meier survival curves tracking the 90-day survival rates, grouped according ASA scores. Three distinct 
survival trajectories are plotted, with the blue line representing patients with an ASA score of 1, indicating a generally healthy patient group; the orange 
line for patients with an ASA score of 2, signifying patients with mild systemic disease; and the red line for patients with ASA scores of 3–4, representing 
patients with severe systemic disease. The x-axis measures the time in days since the TBI event, while the y-axis displays the probability of survival. ASA: 
American Society of Anesthesiologists Classification
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