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Coagulopathy, injury severity and bleeding progression but not prior antiplatelet and anticoagulation therapies drive prognosis in patients with moderate to severe traumatic brain injury
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Introduction: Antiplatelet and anticoagulant therapies complicate the management and outcomes of traumatic brain injury (TBI) patients. This study evaluates clinical profiles and short-term outcomes focusing on prior antihemostatic therapy and tranexamic acid (TXA) use.

Patients and methods: We analyzed TBI patients admitted to University Hospital Frankfurt (2018–2021), assessing demographics, injury characteristics, clinical course, and short-term outcomes. The primary endpoint was hemorrhage progression; secondary endpoints included the modified Rankin Scale (mRS) at discharge, mortality and thromboembolic complications. Regression models identified predictors of functional outcome and mortality.

Results: Among 218 patients (median age 70 years, 35% female, median GCS at admission 7), 44% had prior antiplatelet or anticoagulation therapy. These patients were older, had higher pre-injury mRS scores, and more often sustained TBIs from falls. While hemorrhage progression was similar, they had worse mRS scores (p = 0.02) and higher mortality (p = 0.002). Coagulopathy (OR 1.11, CI 1.07–1.16, p < 0.001), injury severity (OR 2.25, CI 1.51–3.41, p < 0.001), and bleeding progression (OR 2.23, CI 1.48–3.41, p < 0.001) predicted poor functional outcomes. TXA was more often given to younger, severely injured patients but did not impact outcome.

Conclusion: This study underscores the need for tailored therapeutic approaches to improve survival and functional recovery in patients with pre-injury antiplatelet and anticoagulant therapies.
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Introduction

Traumatic brain injury (TBI) constitutes a leading cause of death and disability worldwide, affecting approximately 69 million people worldwide each year (1–4). In recent decades, the epidemiology of TBI has shifted toward older patients (5, 6). Given the increasing age of TBI patients, comorbidities and the number of patients treated with antiplatelet or anticoagulant therapy rise proportionally (5–7). While in the acute setting of TBI, information on preexisting medication may not always be available at admission, previous studies demonstrated a high frequency of pharmacologically impaired platelet function in TBI patients with unknown preexisting medication (8). This frail patient population is particularly at risk for progressive hemorrhage, which occurs in 30 to over 70% of TBI patients (9–13) and predicts unfavorable clinical outcomes (14–16).

Clinically, hemorrhage progression may present with a decline in neurological status, such as increasing confusion, drowsiness, or focal neurological deficits. Management typically involves careful clinical monitoring and serial imaging. Therapeutic approaches in TBI can only address secondary injury mechanisms which also includes secondary hemorrhage (17–19). To this end, measures such as optimizing hemostasis (e.g., reversal therapies), consistent blood pressure management, and surgical approaches are applied. Regarding the optimization of coagulation, the CRASH−3 trial found that the risk of death was reduced in patients treated with tranexamic acid (TXA) which is why its early administration is currently recommended in patients with mild to moderate TBI, even in patients without prior antihemostatic therapy (20). Prompt recognition and intervention are crucial to improve outcomes as secondary hemorrhage significantly increases the risk of morbidity and mortality in the older patients following TBI.

The aim of the present study was to characterize outcomes following TBI in patients admitted to our hospital with a special focus on pre-existing antiplatelet or anticoagulant therapy and the chosen acute treatment approaches.



Patients and methods

This retrospective study analyzed data from patients with acute TBI, who were admitted to the Center of Neurology and Neurosurgery at Frankfurt University Hospital, Germany between 2018 and 2021. The study was approved by the institutional ethics committee (2022–913). Written informed consent was waived due to the study’s retrospective design.

We included patients with the diagnosis of acute TBI (ICD-10: S06.0 – S06. A) (21), categorizing TBI as acute if admission occurred within 24 h of the trauma.

The following clinical data were captured from medical records: age; sex; injury mechanism; modified Rankin Scale (mRS) prior to TBI; Glasgow Coma Scale (GCS) at admission, after 24 h and at discharge; Richmond Agitation-Sedation Scale (RASS) at admission and at discharge; severity of TBI classified by the GCS score at presentation after resuscitation (grade I “mild”: GCS score 13–15, grade II “moderate”: GCS score 9–12, and finally grade III “severe”: GCS score≤8); surgical interventions such as craniotomy or hemicraniectomy, implantation of an external ventricular drainage (EVD), lumbar drainage (LD) or intracranial pressure monitoring; previous antiplatelet or anticoagulant therapy; laboratory findings; the application of coagulation reversal therapies and/or measures of coagulation and hemostasis optimization such as prothrombin complex concentrate (PCC), fresh frozen plasma (FFP), TXA, vitamin k, Idarucizumab or Andexanet alfa, the application of platelet or erythrocyte concentrates (PC or EC); and finally imaging evidence of intracranial hemorrhage such epidural hematoma (EDH), subdural hematoma (SDH), subarachnoid hemorrhage (SAH) and intraventricular hemorrhage (IVH) and intracerebral hemorrhage (ICH); as well as an open/penetrating TBI and/or midline shift, and finally the restart of antiplatelet or anticoagulant therapies.

The primary endpoint was the rate of secondary hemorrhage progression defined as hemorrhagic lesion expansion measured in the follow-up imaging.

Secondary endpoints included functional outcome at discharge (mRS), mortality and thromboembolic complications (composite endpoint of pulmonary embolism, myocardial infarction, deep vein thrombosis and cerebral ischemic stroke).

Statistical analyses were performed using GraphPad Prism 10 Version 10.3.1 and GNU R 4.4.1 Ordinal and non-normal continuous data is depicted as median and corresponding interquartile range (IQR), normally distributed continuous data is depicted as mean ± standard deviation of the mean (SD) or standard error of the mean (SEM). Frequencies of nominal data are depicted as percentages. Data was assessed for normal distribution using the Kolmogorov–Smirnov-test. Intergroup differences of the included characteristics were evaluated using the t test, Mann–Whitney U test, χ2 or fisher’s test, or using the Kruskal-Wallis test if more than two groups were compared. A p-value < 0.05 was set as level of significance. To account for patient age, sex, and injury severity (GCS score at admission, TBI grade and evidence of open/penetrating mechanism), propensity score matching was applied. For predictor analysis, ordered multinomial and logistic regression models were performed.



Results


Study population

The search based on the inclusion criteria yielded 406 patients. After excluding 188 patients (8 duplicates; 5 with brain tumors, 8 with meningeomas, 5 with cerebral metastases, 1 with cerebral amyloid angiopathy, 32 patients without identifiable trauma, 95 with non-acute trauma and 34 with unknown latency between trauma and admission), the final analysis included 218 patients with acute TBI (Figure 1).
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FIGURE 1
 Study flowchart describing the data procurement and stepwise patient selection process intended for retrospective analysis.


The median age of the cohort was 70 (IQR 50–81) years, 76 (34.9%) patients were female. In 119 cases (54.6%), the injury mechanism was unspecified; however, falls accounted for 79 cases (36.2%). The median GCS score at admission was 7. Additional baseline characteristics are detailed in Table 1.


TABLE 1 Patient demographics, injury characteristics and clinical course depending on prior antihemostatic medication status.


	Patient characteristics n (%) unless otherwise stated
	All (n = 218)
	No prior anti-hemostatic therapy (n = 119)
	Prior anti-platelets* (n = 54)
	Prior anti-coagulants (n = 42)
	p-value

 

 	Age (years) 	70 (50–81) 	55 (39–70) 	78 (66–83) 	83 (78–85) 	<0.0001


 	Sex 	Male 	142 (65.1%) 	83 (69.8%) 	37 (68.5%) 	20 (47.6%) 	0.03


 	 	Female 	76 (34.9%) 	36 (30.2%) 	17 (31.5%) 	22 (52.4%) 	


 	Mechanism of injury 	Fall(s) 	79 (36.2%) 	27 (22.7%) 	26 (48.1%) 	23 (54.7%) 	<0.0001


 	Traffic accident 	14 (6.4%) 	13 (10.9%) 	0 (0%) 	1 (2.4%) 	


 	Unknown 	119 (54.6%) 	75 (63.0%) 	28 (51.9%) 	16 (38.1%) 	


 	Secondary TBI** 	3 (1.4%) 	2 (1.7%) 	0 (0%) 	1 (2.4%) 	


 	Physical assault 	2 (0.9%) 	2 (1.7%) 	0 (0%) 	0 (0%) 	


 	Gunshot 	1 (0.5%) 	0 (0%) 	0 (0%) 	1 (2.4%) 	


 	GCS 	At admission 	7 (3–14) 	4 (3–11) 	9 (3–15) 	12 (3–15) 	0.002


 	After 24 h 	3 (3–14) 	3 (3–12) 	6 (3–15) 	3 (3–15) 	0.01


 	At discharge 	13 (3–15) 	13 (3–15) 	14 (3–15) 	14 (3–15) 	0.85


 	RASS 	At admission 	-3 (−4 - -1) 	-4 (−4 - -1) 	−2 (−4–0) 	−3 (−4 - − 1) 	0.003


 	At discharge 	0 (−3–0) 	0 (−3–0) 	-1 (−2–0) 	0 (−2–0) 	0.92


 	Prior mRS 	0 (0–1) 	0 (0–0) 	1 (0–3) 	3 (1–4) 	<0.0001


 	TBI grade 	 	3 (1–3) 	3 (2–3) 	3 (1–3) 	2 (1–3) 	0.002


 	1 	72 (33%) 	28 (23.5%) 	24 (45.3%) 	20 (48.8%) 	0.006


 	2 	13 (6%) 	8 (6.7%) 	2 (3.8%) 	3 (7.3%) 	


 	3 	130 (59.6%) 	83 (69.8%) 	27 (50.9%) 	18 (43.9%) 	


 	Surgical interventions 	Surgery*** 	181 (83%) 	100 (84.0%) 	44 (81.5%) 	35 (83.3%) 	0.88


 	EVD 	22 (10.1%) 	12 (10.1%) 	8 (14.8%) 	2 (4.8%) 	0.27


 	LD 	1 (0.5%) 	0 (0%) 	0 (0%) 	1 (2.4%) 	0.2


 	ICP monitoring 	143 (65.6%) 	88 (74%) 	30 (55.6%) 	24 (57.1%) 	0.02


 	Laboratory findings 	Platelets (/nl) 	198 ± 83 	192 ± 72 	205 ± 78 	212 ± 111 	0.84


 	aPTT (s) 	29 ± 9 	27 ± 5 	29 ± 5 	34 ± 18 	0.0003


 	INR 	1.1 (1.02–1.2) 	1.1 (1–1.2) 	1.1 (1–1.1) 	1.3 (1.1–1.9) 	<0.0001


 	Imaging characteristics 	Open/penetrating 	73 (33.5%) 	48 (40.3%) 	13 (24.1%) 	12 (28.6%) 	0.04


 	Midline shift 	143 (65.6%) 	73 (61.4%) 	39 (72.2%) 	29 (69.1%) 	0.46


 	 	Presence of intracranial hemorrhage 	212 (97.3%) 	116 (97.5%) 	52 (96.3%) 	42 (100%) 	0.1


 	Hematoma subtypes 	EDH 	35 (16.1%) 	27 (22.7%) 	4 (7.4%) 	4 (9.5%) 	0.01


 	SDH 	183 (83.9%) 	95 (79.8%) 	48 (88.9%) 	38 (90.5%) 	0.22


 	ICH 	143 (65.6%) 	86 (72.3%) 	30 (55.6%) 	26 (61.9%) 	0.04


 	IVH 	70 (32.1%) 	39 (32.8%) 	18 (33.3%) 	13 (31%) 	0.96


 	SAH 	148 (67.9%) 	86 (72.3%) 	33 (61.1%) 	27 (64.3%) 	0.38


 	Reversal therapies 	PCC 	55 (25.2%) 	21 (17.7%) 	8 (14.8%) 	26 (61.9%) 	<0.0001


 	FFP 	10 (4.6%) 	8 (6.7%) 	0 (0%) 	1 (2.4%) 	0.1


 	PC 	31 (14.2%) 	23 (19.3%) 	6 (11.1%) 	2 (4.8%) 	<0.05


 	EC 	66 (30.3%) 	43 (36.1%) 	11 (20.4%) 	11 (26.2%) 	0.1


 	Tranexamic acid 	100 (45.9%) 	61 (51.3%) 	22 (40.7%) 	16 (38.1%) 	0.23


 	Vitamin K 	41 (18.8%) 	21 (17.7%) 	2 (3.7%) 	18 (42.9%) 	<0.0001


 	Idarucizumab 	0 (0%) 	0 (0%) 	0 (0%) 	0 (0%) 	


 	 	Andexanet alfa 	0 (0%) 	0 (0%) 	0 (0%) 	0 (0%) 	


 	(Re)start of during stay 	Antiplatelets 	14 (6.4%) 	1 (0.8%) 	11 (20.4%) 	2 (4.8%) 	<0.0001


 	Anticoagulation 	1 (0.5%) 	0 (0%) 	0 (0%) 	1 (2.4%) 	0.19


 	Thromboprophylaxis 	184 (84.4%) 	103 (86.6%) 	45 (83.3%) 	35 (83.3%) 	0.78





aPTT, activated partial thromboplastin time; EVD, extraventricular drain; GCS, Glasgow Coma Score; EDH, epidural hematoma; ICH, intracerebral hemorrhage; ICP, intracranial pressure; INR, international normalised ratio; IQR, interquartile range; IVH, intraventricular hemorrhage; LD, lumbar drain; mRS, modified Rankin Scale; RASS, Richmond Agitation-Sedation Scale; SAH, subarachnoid hemorrhage; SDH, subdural hematoma; TBI, traumatic brain injury; TXA, tranexamic acid. p-values indicating statistical significance are displayed in bold font.

*Including dual antiplatelet therapy but no patients with additional anticoagulation, these were allocated to the anticoagulant group.

**Secondarily to epileptic seizure or syncope.

***Craniotomy/burr hole.
 



Previous antihemostatic therapy

Of the total cohort, 96 patients (44%) had prior antiplatelet or anticoagulant therapy. In detail, 62 patients (28.4%) were on antiplatelet therapy, with 9 (4.1%) receiving dual antiplatelet therapy (DAPT). Among the patients with prior antiplatelet therapy, 8 also received anticoagulant therapy 3 with the vitamin k antagonist (VKA) phenprocoumon (Marcumar ®), 4 with direct oral anticoagulants (DOACs) and 1 with a therapeutic dose of low molecular weight heparin (LMWH). A total of 42 patients (19.3%) received prior anticoagulant therapy (including the aforementioned 8 patients with concomitant antiplatelet therapy), there were 13 patients on VKA, 24 on DOACs and 5 on therapeutic LMWH or unfractionated heparin (UFH). Patients on DOACs, LMWH, UFH and VKA were grouped together as receiving “prior anticoagulant therapy.” Data on previous medication was not available in 3 patients, who were excluded from the subsequent analysis.



Patient and injury characteristics by antihemostatic therapy status

Patients with prior antiplatelet or anticoagulant therapy were significantly older and had higher pre-injury mRS scores, particularly those on anticoagulant therapy (p < 0.0001; Table 1). Falls were more frequently the cause of TBI in these groups (p < 0.0001). Sex distribution differed slightly: females were under-represented in patients on antiplatelet therapy or no prior medication, but more prevalent among those on anticoagulation. As expected, these patients showed the highest values in INR and aPTT (p < 0.0001 and p = 0.0003, respectively). Patients on prior anticoagulant therapy more frequently received PCC and vitamin k (p < 0.0001).

Patients without prior antihemostatic therapy exhibited more severe injuries, as reflected by lower GCS scores at admission and after 24 h (p = 0.002 and p = 0.01, respectively), as well as higher TBI grades (p = 0.002). Accordingly, we found significantly more EDH and ICH in patients without prior antihemostatic therapy (p = 0.01 and 0.04, respectively) compared to patients on prior anticoagulant or antiplatelet therapy. Most patients across all groups underwent some form of surgical intervention, with significantly more ICP monitoring in patients without prior antihemostatic therapy (p = 0.02). Thrombosis prophylaxis with low-molecular-weight heparin (subcutaneous) was also carried out equally frequently during the hospital stay. Antiplatelet therapy was resumed in 20.4% of the patients with prior antiplatelet therapy, whereas anticoagulant therapy was restarted in only one case of the prior anticoagulant group.



Hemorrhage progression and functional outcomes

The overall occurrence of hemorrhage progression did not differ significantly by prior antihemostatic therapy. However, we observed worse functional outcomes (higher mRS scores) in patients on prior antiplatelet or anticoagulant therapy (p = 0.02; Table 2; Figure 2A). Intrahospital mortality was significantly higher in these patients (p = 0.002). Thromboembolic complications were similar across groups.


TABLE 2 Primary and secondary outcomes.


	Patient characteristics n (%) unless otherwise stated
	All (n = 218)
	No prior anti-hemostatic therapy (n = 119)
	Prior anti-platelets* (n = 54)
	Prior anti-coagulants (n = 42)
	p-value

 

 	Hemorrhage progression 	86 (39.5%) 	41 (34.5%) 	24 (44.4%) 	21 (50%) 	0.15


 	mRS at discharge 	5 (5–6) 	5 (4–5) 	5 (5–6) 	5 (5–6) 	0.02


 	Mortality 	45 (20.6%) 	15 (12.6%) 	15 (27.8%) 	15 (35.7%) 	0.002


 	Thromboembolic complications 	26 (11.9%) 	11 (9.2%) 	7 (13%) 	8 (19.1%) 	0.23





mRS, modified Rankin Scale. p-values indicating statistical significance are displayed in bold font.

*Including dual antiplatelet therapy but no patients with additional anticoagulation, these were allocated to the anticoagulant group.
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FIGURE 2
 (A) Frequency distribution of the neurological outcome based on mRS at discharge (displayed as fractions) in patients with or without prior antihemostatic therapy (antiplatelet and anticoagulant together) and (B); after propensity score matching.


After propensity score matching for patient age, sex, GCS score at admission, TBI grade and open/penetrating injuries, mRS scores at discharge and mortality were no longer significantly different (Table 3; Figure 2B), while thromboembolic complications now reached statistical significance.


TABLE 3 Primary and secondary outcomes after PSM.


	Patient characteristics n (%) unless otherwise stated
	No prior anti-hemostatic therapy (n = 78)
	Prior anti-platelets* (n = 42)
	Prior anti-coagulants (n = 34)
	p-value

 

 	Hemorrhage progression 	41 (52.6%) 	19 (45.2%) 	20 (58.8%) 	0.49


 	mRS at discharge 	5 (4–6) 	5 (5–6) 	5 (5–6) 	0.26


 	Mortality 	21 (26.9%) 	13 (31%) 	14 (41.2%) 	0.36


 	Thromboembolic complications 	3 (3.9%) 	6 (14.3%) 	8 (24.2%) 	0.006





mRS, modified Rankin Scale. p-values indicating statistical significance are displayed in bold font.

*Including dual antiplatelet therapy but no patients with additional anticoagulation, these were allocated to the anticoagulant group.
 



Predictors of functional outcomes and mortality

Ordered multinomial regression identified the following predictors of unfavorable outcomes (higher mRS scores): female sex (OR 2.18, CI 1.41–3.41, p = 0.001), prolonged aPTT at admission (OR 1.11, CI 1.07–1.16, p < 0.001), TBI grade (OR 2.25, CI 1.51–3.41, p < 0.001), midline shift (OR 1.63, CI 1.05–2.53, p = 0.03), intraventricular hemorrhage (OR 1.84, CI1.22–2.79, p = 0.004) and bleeding progression (OR 2.23, CI 1.48–3.41, p < 0.001, Table 4).


TABLE 4 Predictors of poor outcome at discharge (ordered multinomial regression model).


	Risk factor
	Odds ratio (OR)
	95%-CI
	p value

 

 	Age 	1.01 	1.0–1.03 	0.05


 	Female sex 	2.18 	1.41–3.41 	0.001


 	Prior antiplatelets 	1.33 	0.8–2.21 	0.27


 	Prior anticoagulant 	1.29 	0.68–2.47 	0.44


 	Platelets 	1.0 	1.0–1.0 	0.28


 	aPTT 	1.11 	1.07–1.16 	<0.001


 	INR 	0.97 	0.74–1.44 	0.83


 	GCS admission 	1.01 	0.94–1.08 	0.85


 	TBI grade 	2.25 	1.51–3.41 	<0.001


 	TXA 	1.16 	0.77–1.74 	0.47


 	Hemorrhage progression 	2.23 	1.48–3.41 	<0.001


 	Thromboembolism 	1.21 	0.7–2.13 	0.49


 	Open TBI 	0.96 	0.64–1.44 	0.85


 	Intraventricular hemorrhage 	1.84 	1.22–2.79 	0.004


 	Midline shift 	1.63 	1.05–2.53 	0.03





aPTT, activated partial thromboplastin time; CI, confidence interval; GCS, Glasgow Coma Score; INR, international normalised ratio; TBI, traumatic brain injury; TXA, tranexamic acid. p-values indicating statistical significance are displayed in bold font.
 

For mortality, logistic regression identified female sex (OR 11.1, CI 3.59–39.65, p < 0.001), TBI grade (OR 3.53, CI 1.21–11.5, p = 0.026) and prolonged aPTT (OR 1.28, CI 1.15–1.46, p < 0.001) as significant predictors (Table 5).


TABLE 5 Predictors of mortality at discharge (logistic regression model).


	Risk factor
	Odds ratio (OR)
	95%-CI
	p value

 

 	Age 	1.03 	0.99–1.07 	0.15


 	Female sex 	11.10 	3.59–39.65 	<0.001


 	Prior antiplatelets 	3.56 	0.96–14.09 	0.06


 	Prior anticoagulant 	2.17 	0.42–11.54 	0.36


 	Platelets 	1.00 	0.99–1.01 	0.86


 	aPTT 	1.28 	1.15–1.46 	<0.001


 	INR 	1.31 	0.55–4.63 	0.66


 	GCS admission 	0.98 	0.80–1.19 	0.83


 	TBI grade 	3.53 	1.21–11.50 	0.026


 	TXA 	1.15 	0.40–3.34 	0.79


 	Hemorrhage progression 	2.01 	0.71–5.90 	0.193


 	Thromboembolism 	1.01 	0.26–3.55 	0.990


 	Open TBI 	1.37 	0.47–4.08 	0.564


 	Intraventricular hemorrhage 	2.26 	0.82–6.57 	0.122


 	Midline shift 	1.70 	0.50–6.26 	0.404


 	Observations: 168
 R2 Tjur 0.454





aPTT, activated partial thromboplastin time; CI, confidence interval; GCS, Glasgow Coma Score; INR, international normalised ratio; TBI, traumatic brain injury; TXA, tranexamic acid. p-values indicating statistical significance are displayed in bold font.
 



Baseline and injury characteristics by patient sex

In order to further investigate the sex-related effects on functional outcomes and mortality observed in the previous analysis, we conducted a secondary subanalysis in which we compared baseline characteristics and injury patterns between female and male patients. Female patients were on average older (p < 0.0001), showed a (non-significant) trend toward higher pre-injury mRS scores (p = 0.06), and more frequently received prior anticoagulant therapy (p = 0.01). Mechanisms of injury did not differ between sexes (p = 0.2); however female patients tended to present with a slightly higher incidence of midline shift (p = 0.03). Interestingly, surviving female patients demonstrated greater alertness (higher GCS scores and RASS scores) at discharge compared to males (p = 0.003 for the GCS score at discharge and p = 0.002 for the RASS score at discharge). Further sex-based differences are presented in Supplementary Table S1.



TXA administration

Finally, the use of TXA was examined. Patients receiving TXA (n = 100) were younger (p < 0.05) and had more severe injuries, as indicated by lower GCS scores at admission (p = 0.002), after 24 h (p < 0.0001) and at discharge (p = 0.002); lower RAAS scores at admission (p < 0.0001) and higher TBI grades (p = 0.0002). Sex distribution and prior antiplatelet or anticoagulant use did not differ. However, in terms of outcome parameters, hemorrhage progression, thromboembolic complications, intrahospital mortality and mRS scores at discharge did not differ significantly between the two groups. Data on TXA administration was missing for 1 patient, and 117 patients did not receive TXA (Table 6).


TABLE 6 Patient and injury characteristics according to use of tranexamic acid (TXA).


	Patient characteristics n (%) unless otherwise stated
	Tranexamic acid (n = 100)
	No tranexamic acid (n = 117)
	p-value

 

 	Age (years) 	65 (47–79) 	72 (55–82) 	<0.05


 	Sex 	Male 	70 (70%) 	71 (60.7%) 	0.16


 	Female 	30 (30%) 	46 (39.3%) 	


 	GCS 	At admission 	4 (3–10) 	9 (3–15) 	0.002


 	After 24 h 	3 (3–3) 	10 (3–15) 	<0.0001


 	At discharge 	5 (3–15) 	15 (3–15) 	0.002


 	RASS 	At admission 	−4 (−4 - − 2) 	-2 (−4–0) 	<0.0001


 	TBI grade 	 	3 (2–3) 	3 (1–3) 	0.0002


 	Prior antiplatelet use 	 	22 (22%) 	32 (27.4%) 	0.43


 	Prior anticoagulant use 	16 (16%) 	26 (22.2%) 	0.3


 	Hemorrhage progression 	46 (46%) 	40 (34.2%) 	0.1


 	mRS at discharge 	5 (5–6) 	5 (4–6) 	0.09


 	Mortality 	23 (23%) 	22 (18.8%) 	1


 	Thromboembolic complications 	16 (16%) 	10 (8.6%) 	0–14





GCS, Glasgow Coma Score; mRS, modified Rankin Scale; RASS, Richmond Agitation-Sedation Scale; TBI, traumatic brain injury. p-values indicating statistical significance are displayed in bold font.
 




Discussion

Our tertiary trauma center predominantly manages severe TBIs with traumatic intracranial hemorrhages requiring urgent surgical intervention. However, even within this highly selective cohort, clear differences in the clinical profiles of TBI patients with and without prior antihemostatic therapy were observed. Patients with prior antiplatelet or anticoagulant therapy were older and had higher pre-injury disability as indicated by pre-injury mRS scores, reflecting the common overlap between advanced age, comorbidities, and the need for these medications. Falls were the predominant cause of TBI in this group, consistent with previous studies linking anticoagulant use to fall-related injuries among older populations (22, 23). While the rate of hemorrhage progression did not differ between patients with and without antihemostatic therapy, functional outcomes were worse. As such, patients with prior antiplatelet or anticoagulant therapy also exhibited significantly increased mortality rates, aligning with prior literature emphasizing the heightened risk of poor outcomes in patients with TBI under VKA (24, 25), but also DOACs, which may appear to be safer for this particular patient group (26–28).

After propensity score matching, however only thromboembolic complications remained significantly more frequent in patients with prior antiplatelet or anticoagulant therapy, which is not surprising when considering that these therapies are usually discontinued when traumatic intracranial hemorrhage is detected, at least temporarily. A significant body of literature exists, describing the influence of antiplatelets and anticoagulation therapies on the occurrence of traumatic intracranial bleeding (29–31). It is well established that they increase the risk of intracranial hemorrhage and rebleeding but do not necessarily correlate with poorer outcomes in mild and moderate to severe TBI requiring neurosurgical interventions, which our study now confirms (32–35). However, our findings underline the need for tailored clinical management and prevention strategies in this vulnerable population.

Non-modifiable factors like sex and TBI severity (indicated by TBI grade, IVH and midline shift) consistently predicted poor outcomes, while bleeding progression and coagulopathy (increased aPTT) were key modifiable contributors to mortality and morbidity. Thus, aggressive management strategies to mitigate bleeding complications in trauma patients, as the prevention of bleeding progression and managing coagulopathy remain crucial in improving outcomes (36, 37).

Considering the comparison between patient sexes, it is likely that the strong association of female sex with poorer functional outcomes, particularly reduced survival, observed in the predictor analysis may be attributable to confounding factors such as advanced patient age and pre-existing conditions. However, surviving females demonstrated a higher level of alertness at discharge compared to male patients. Previous literature regarding the impact of sex and gender on TBI outcomes is controversial: Some studies suggest that women of childbearing age may have a better prognosis due to hormonal benefits (38), while other studies show no significant differences or suggest that women may fare worse in certain cases, possibly due to hormonal fluctuations or higher prevalence of psychological consequences such as depression and anxiety disorders (39). Further research is needed to better understand gender- and sex-specific differences and to tailor treatment accordingly.

We here also investigated TXA administration and its potential benefits. This is of relevance as the hemostatic and immune systems interact in response to trauma, where plasmin stimulates complement activation. TXA competitively inhibits the conversion of plasminogen to plasmin, which, in turn, inhibits fibrin degeneration. This inhibition of fibrin degeneration may restrict the inflammatory response that can be provoked by fibrin degradation products. Patients receiving TXA presented with more severe injuries and worse baseline GCS scores. We did not detect a difference in hemorrhage progression or functional outcomes in the TXA group. These findings contradict the results of the CRASH-3 trial, which demonstrated that early TXA administration within 3 h of injury reduces mortality in TBI without increasing thromboembolic risks. However, patients with GCS of 3 and those with bilateral unreactive pupils at baseline were excluded. The effect was greatest for patients with mild and moderate head injuries but not apparent in those with severe head injuries (20). Our data showed that TXA was mainly given to severely affected patients, suggesting selection bias in its administration and explaining the lack of a statistically detectable effect. This emphasizes the need for standardized protocols to ensure that TXA benefits are consistently realized across diverse patient populations, as patients with mild and moderate injury who would benefit most from TXA appear to be less likely to receive it.

Our study has important limitations. At first, as a retrospective, single-center study, the findings are inherently limited by the quality and completeness of the recorded data and are subject to selection bias influencing the cohort composition. In our tertiary care trauma center, many of the patients were secondary transfers requiring surgical intervention, which resulted in predominantly moderate to severe injuries. This reduces the generalizability of the findings to broader populations, including those with milder TBIs managed in non-tertiary settings. The study lacked information on critical variables in a significant proportion of patients. For example, the mechanism of injury was not documented in over half of the cases. The study primarily focused on short-term outcomes, such as intrahospital mortality, functional status at discharge, and immediate complications. Long-term follow-up, which is essential to understanding recovery trajectories, reintegration into daily life, and the sustained impact of therapeutic interventions, was not included. This restricts the ability to draw conclusions about the prolonged effects of factors like antihemostatic therapy or its reversal. Furthermore, information on the individual pharmacological response in the antiplatelet group would be of interest as this might also significantly affect patient outcomes and should be addressed in future studies. Lastly, the study grouped patients with different types of anticoagulants and antiplatelet therapies together, despite their varying mechanisms of action and potential risks. As such, phenprocoumon, DOACs, LMWH, and UFH were pooled for statistical analysis. This approach may obscure nuanced differences in how specific agents impact TBI outcomes and limit the applicability of findings to clinical decision-making for particular drugs.

From a clinical perspective, our findings still reinforce the importance of individualized care for TBI patients, particularly those on antiplatelet or anticoagulant therapy. Early and comprehensive coagulation management, including timely reversal of anticoagulation and cautious thromboprophylaxis, remains critical for optimizing outcomes.



Conclusion

In conclusion, this study underscores the complex interplay of age, anticoagulation, coagulopathy, and injury severity in determining TBI outcomes. It highlights the need for tailored therapeutic approaches and continued investigation into predictive factors and interventions, including TXA, to improve survival and functional recovery in this vulnerable population.
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