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ABSTRACT

Traumatic brain injury (TBI) is a major global health concern. Due to the increase in TBI 
incidence and the aging population, an increasing number of patients with TBI are taking 
antithrombotic agents for their underlying disease. When TBI occurs in patients with these 
diseases, there is a conflict between the disease, which requires an antithrombotic effect, and 
the neurosurgeon, who must minimize intracranial hemorrhage. Nevertheless, there are no clear 
guidelines for the reversal or resumption of antithrombotic agents when TBI occurs in patients 
taking antithrombotic agents. In this review article, we intend to classify antithrombotic agents 
and provide information on them. We also share previous studies on the reversal and resumption 
of antithrombotic agents in patients with TBI to help neurosurgeons in this dilemma.
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INTRODUCTION

Traumatic brain injury (TBI) is a major global health concern. TBI is a leading cause 
of mortality and disability and causes significant socioeconomic problems.19,37) Due to 
the increase in TBI incidence and the aging of the population, an increasing number of 
patients with TBI are taking antithrombotic agents for their underlying disease. Ischemic 
cerebrovascular disease, cardiovascular disease, and thromboembolic events are common 
causes for taking antithrombotic agents.24,26,29) When TBI occurs in patients with these 
diseases, there is a conflict between the diseases, which require an antithrombotic effect, and 
the neurosurgeon, who has to minimize intracranial hemorrhage. Nevertheless, there are no 
clear guidelines for the reversal or resumption of antithrombotic agents when TBI occurs in 
patients taking antithrombotic agents.

When TBI occurs in a patient taking an antithrombotic agent, there is a consensus that 
antithrombotic agents should be immediately discontinued and antidotes should be 
used. However, no guidelines or consensus have been established regarding the timing 
of antiplatelet and anticoagulant therapies. Therefore, through this review article, we 
aim to provide useful information to help patients with TBI and neurosurgeons who are 
experiencing dilemmas in making wise decisions.
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CLASSIFICATION OF ANTITHROMBOTIC AGENTS

Antithrombotic agents are used to prevent and treat thrombosis. Antithrombotic agents 
are divided into three classes based on their mechanisms of action: antiplatelet drugs, 
anticoagulant agents, and fibrinolytic agents.

Antiplatelet drugs inhibit platelet activation and aggregation, important steps in blood clot 
formation. Antiplatelet agents can reduce the risk of thrombosis by preventing platelets from 
sticking together and forming clumps. The antiplatelet agents included aspirin, clopidogrel, 
prasugrel, and ticagrelor.

Anticoagulants activate antithrombin and accelerate the rate at which antithrombin inhibits 
clotting enzymes, particularly thrombin and factor Xa. Anticoagulants can help reduce 
the risk of thrombosis by slowing down or stopping the blood clotting process. Parenteral 
anticoagulants include heparin, low-molecular-weight heparin (LMWH), and fondaparinux. 
Currently available oral anticoagulants include vitamin K antagonists (warfarin) and direct 
oral anticoagulants such as dabigatran, rivaroxaban, apixaban, and edoxaban.

Fibrinolytic agents, including streptokinase, acylated plasminogen streptokinase activator 
complex (anistreplase), urokinase, and recombinant tissue-type plasminogen activator, also 
known as alteplase or activase, directly dissolve the existing thrombi. These agents are the 
preferred therapeutic regimens for the acute treatment of thrombosis in selected patients. 
Therefore, patients with TBI encountered in the emergency room rarely use these agents.11,28,38)

REVERSAL OF ANTITHROMBOTIC AGENTS

Antiplatelet drugs
To date, there are no clear guidelines for antithrombotic agent reversal when TBI occurs 
in patients taking antithrombotic agents. Instead, we can refer to the 2022 Guideline for 
the Management of Patients with Spontaneous Intracerebral Hemorrhage (ICH) from the 
American Heart Association/American Stroke Association (AHA/ASA).13) According to the 
guideline, platelet transfusion might be considered to reduce postoperative bleeding and 
mortality in patients with aspirin who require surgical intervention for ICH.18) However, 
in patients who do not require surgical intervention, platelet transfusions are potentially 
harmful and should not be administered.3) The effects of desmopressin on preventing 
hematoma expansion and prognosis are unclear.10,22,34)

Anticoagulants
According to the 2022 AHA/ASA guideline, in patients with anticoagulant-associated 
spontaneous ICH, anticoagulation should be discontinued immediately, and rapid reversal of 
anticoagulation should be performed as soon as possible.14)

For patients taking warfarin with an International Normalized Ratio (INR) ≥2.0, coagulation 
factor replacement is recommended to achieve rapid INR correction and prevent hematoma 
expansion. As a coagulation factor replacement, the four-factor prothrombin complex 
concentrate may be superior to the fresh-frozen plasma.36) Even in patients with an INR of 
1.3 to 1.9, it may be reasonable to use prothrombin complex concentrate to achieve rapid 
correction of the INR and prevent hematoma expansion.9,14) In all patients taking warfarin, 
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intravenous vitamin K should be administered directly after coagulation factor replacement 
to prevent a subsequent increase in INR.9,23,39)

In patients taking direct factor Xa inhibitors (rivaroxaban, apixaban, and edoxaban), andexanet 
alfa is reasonable to reverse the anticoagulant effect.7,8) In patients taking direct thrombin 
inhibitors (dabigatran), idarucizumab is reasonable to reverse the anticoagulant effect.31)

In patients receiving unfractionated heparin, intravenous protamine can reverse the 
anticoagulant effects. However, a previous study reported that protamine only partially 
reversed the anticoagulant effect in patients administered LMWH.35)

Anticoagulants and their reversal agents are summarized in TABLE 1.

RESUMPTION OF ANTITHROMBOTIC AGENTS

When TBI occurs in patients taking antithrombotic agents, the medication should be 
discontinued to prevent hematoma expansion. However, the optimal timing for initiating 
anticoagulation or antiplatelet therapy (APT) after TBI remains controversial. When 
anticoagulation should be restarted, several factors should be considered, including the severity 
of the TBI, the patient’s bleeding status, and the need for anticoagulation. Therefore, the 
attending physician must determine the timing of anticoagulant resumption by balancing the 
risk of hemorrhage recurrence that may occur with anticoagulant resumption with the benefit 
of preventing thromboembolic events, which is a difficult decision. We introduce several papers 
that may help neurosurgeons determine the timing of anticoagulant resumption (TABLE 2).
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TABLE 1. Antithrombotic agents and its reversal agents
Drug Reversal agent Dose

Antiplatelet drugs Aspirin, clopidogrel, cilostizol Platelet >3×109 platelet/L 1 U
Parenteral anticoagulants Heparin Protamine 1 mg IV per 100 U of heparin over last 4 hours (maximum 50 mg)

Enoxaparin Protamine 1 mg IV per 1 mg of LMWH (maximum 50 mg)
Oral anticoagulants Warfarin Vitamin K 1–2 mg IV or PO 2.5–10 mg q 12 hours

FFP Administer until corrected
PCC 25 U/kg IV for INR 2–4, 35 U/kg IV for INR 4–6, 50 U/kg IV for INR >6

Rivaroxaban PCC 50 IU/kg IV
Andexanet alfa 400–800 mg IV bolus, 480–960 mg infusion

Apixaban PCC 50 IU/kg IV
Andexanet alfa 400 mg IV bolus, 480 mg infusion

Edoxaban PCC 50 IU/kg IV
Andexanet alfa 800 mg IV bolus, 960 mg infusion

Dabigatran Idarucizumab 5g IV bolus
FFP: fresh-frozen plasma, PCC: prothrombin complex concentrate, INR: international normalized rat.

TABLE 2. Studies on resumption timing for anticoagulation or antiplatelet therapy
Study population Suggested resumption timing Authors Year

Parenteral anticoagulants  
(heparin or enoxaparin)

Traumatic intracerebral hemorrhage Within 7 days of injury Chipman et al.5) 2020
Traumatic intracerebral hemorrhage 13 days after the injury. Byrnes et al.4) 2012

Oral anticoagulants (warfarin, rivaroxaban, 
apixaban, edoxaban, dabigatran)

Spontaneous intracranial hemorrhage 10–30 weeks after hemorrhage Majeed et al.20) 2010
Spontaneous intracranial hemorrhage 6–8 weeks after hemorrhage Moon et al.23) 2022

Anticoagulant or antiplatelet Spontaneous intracerebral hemorrhage 7–8 weeks after hemorrhage Pennlert et al.30) 2017
Traumatic brain injury 7–9.5 days after injury Puckett et al.32) 2018

Traumatic subdural hemorrhage Anticoagulant: 30 days after injury Naylor et al.25) 2021
Antiplatelet: 16 days after injury.



Several large studies have reported the ideal timing for restarting warfarin after an 
intracranial hemorrhage. Majeed et al.20) conducted a retrospective multicenter cohort 
study to determine the optimal timing for anticoagulation resumption after warfarin-
related intracranial hemorrhage. Among 234 patients with warfarin-associated intracranial 
hemorrhage, 177 who survived after 1 week were included in the study. The faster warfarin 
was restarted, the higher the hazard ratio for recurrent ICH. The slower the warfarin restart 
time, the higher the hazard ratio for ischemic stroke. Based on the combined risk, the 
authors argued that the optimal period of warfarin resumption was between 10 and 30 weeks 
after the initial ICH.20)

More recently, Pennlert et al.30) published a study of 2,619 ICH patients with ICH fibrillation 
who survived for more than 1 year. The authors found that anticoagulant resumption was 
associated with a reduced risk of vascular death and nonfatal stroke in high-risk patients, 
with no significantly increased risk of severe hemorrhage. They argued that anticoagulant 
treatment should be initiated 7–8 weeks after ICH, considering the risks and benefits.30)

However, since the two papers mentioned above included only spontaneous ICH in their 
study, the optimal timing they claim cannot be applied to patients with TBI. According to 
previous reports, anticoagulant resumption appears to be less strongly associated with ICH 
recurrence in patients with hemorrhagic stroke than in those with traumatic ICH. Nielsen 
et al.27) found that anticoagulant resumption was associated with ICH recurrence in patients 
with hemorrhagic stroke (adjusted hazard ratio [aHR], 1.31; 95% confidence intervals [CIs], 
0.68–2.50), but no association was found between anticoagulant resumption and ICH 
recurrence in patients with traumatic ICH (aHR, 0.45; 95% CI, 0.26–0.76).27)

In the aforementioned studies, patients with traumatic ICH resumed anticoagulants earlier 
than 7–8 weeks, supporting their safety. Chipman et al.5) reported a retrospective, single-
center study of 50 patients with traumatic ICH concomitant with pulmonary emboli. There 
was no significant difference in ICH expansion between patients who started anticoagulation 
therapy within 7 days of injury and those who started anticoagulation 7 days after injury. 
None of the patients required neurosurgical intervention due to ICH expansion.5)

Byrnes et al.4) reported on 42 patients with traumatic ICH who subsequently developed 
thrombotic complications. Twenty-six patients underwent therapeutic anticoagulation, an 
average of 13 days after the injury was started. ICH remained stable in almost all patients (25 
of 26), and one patient had slightly increased bleeding, but no neurosurgical intervention was 
required.4)

In a multicenter prospective observational study, the EAST ACT-TBI Multicenter Study Group 
found that the early initiation of anticoagulants had a significant effect on the progression of 
traumatic brain injury. A total of 168 patients with TBI who received anticoagulation therapy 
before injury were classified into TBI progression and stable groups after the resumption of 
anticoagulation. The progression group restarted anticoagulation therapy significantly earlier 
than the stable group (4.5 days vs. 11.0 days, p=0.015).21)

Albrecht et al.2) reported a retrospective analysis of 10,782 patients with traumatic brain 
injuries who had received warfarin in the month before the injury. Warfarin resumption was 
associated with a decreased risk of thrombotic events (relative risk [RR], 0.77; 95% CI, 0.67–
0.88) and an increased risk of hemorrhagic events (RR, 1.51; 95% CI, 1.29–1.78). The authors 
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argued that there was a net benefit because warfarin resumption decreased the combined risk 
of hemorrhagic or ischemic stroke. (RR, 0.83; 95% CI, 0.72–0.96).2)

Nielsen et al.27) reported a study investigating the prognosis associated with the resumption 
of warfarin treatment in 1,325 hemorrhagic stroke patients with atrial fibrillation, and 1,090 
traumatic ICH patients with atrial fibrillation. In patients with traumatic ICH, resumption 
of warfarin therapy is associated with a lower rate of ischemic stroke or systemic embolism. 
The resumption of therapy was associated with a significantly lower ICH recurrence rate. 
Of course, the finding that warfarin resumption lowers ICH recurrence is due to the failure 
to remove all confounding variables. However, warfarin resumption did not significantly 
increase ICH recurrence despite confounding.27)

In summary, the resumption of anticoagulant agents in patients with TBI should be initiated 
as early as possible, taking into account individual risks and benefits. Although there are 
reports that IVC filter insertion reduces the incidence and mortality of pulmonary embolism, 
its effectiveness remains controversial, and no significant effect has been demonstrated in 
deep vein thrombosis. Therefore, after the risk of hemorrhage is resolved, pharmacological 
prophylaxis should be actively considered.12,15,17,33)

In particular, early resumption of anticoagulation therapy should be considered in patients with a 
high risk of thromboembolic events due to a mechanical valve or left ventricular assist device.6,16,32)

According to previous studies, antiplatelet agents tend to resume earlier than anticoagulants 
in patients with intracranial hemorrhage. The effects of antiplatelet therapy after stroke due 
to intracerebral hemorrhage (REstart or STop Antithrombotics Randomized Trial, RESART), 
the first randomized controlled trial to ensure the safety of resumption of antiplatelet agents, 
compared 268 patients with ICH who restarted APT with 269 patients who avoided APT. They 
reported no difference in the recurrence rate of ICH or the incidence of major hemorrhagic 
events between the two groups. They argued that the benefits outweighed the risks of 
resuming APT. However, the optimal resumption timing was not presented in this study.1)

Puckett et al.32) reported a retrospective study to determine the optimal timing of the 
resumption of anticoagulation/antiplatelet therapy in 256 patients with TBI. They claimed 
that adverse events were minimized when therapy was restarted 7–9.5 days after injury.32)

Naylor et al.25) conducted a retrospective, single-center study of 456 patients with traumatic 
subdural hemorrhage. In this study, anticoagulation therapy was restarted on average 30 days 
after injury, and APT was restarted on average 16 days after injury. There was no significant 
difference in the evacuation rate owing to hematoma expansion between the resumption and 
control groups.25)

CONCLUSION

According to the AMA/ASA, patients with spontaneous ICH should consider anticoagulant 
resumption 7–8 weeks after the event. Considering the etiology of TBI, anticoagulants can 
be administered earlier in patients with TBI than in those with spontaneous ICH. After 
confirming that the hematoma has stabilized through a follow-up brain CT, anticoagulant 
treatment should be resumed, considering the individual risks and benefits.
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