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(ABSTRAGE

An estimated 69 million people worldwide suffer from traumatic brain injuries each year. Direct head t
can cause traumatic brain hemorrhage, which can bethifeateningif not treated quickly. Current studie
suggest the use of antithrombotic therapy for treatment, but the optimal duration of such theraf
neurosurgeryremainscontroversial.Thisarticle critically reviewsrecommendationgegardingthe ideal timing
of antiplatelet and anticoagulant therapy for diseases such as subarachnoid hemorrhage, subdural her
skull fractures, brain contusions, and diffuse axonal injury. . Additionally, the role of these agents in the
of prosthetic valves and stentgill be examined, and their effects on bleeding time and platelet aggregatiol
be evaluated. This review highlights possible directions for future research in this area and highlig
limitations inherent in the current literature. In the caset@morrhage in TBI, the standard of care is to rest
appropriate AAT at intervals to reduce the risk of ICH, but timing and treatment vary among clinicians.
studies have shown that restarting AAT reduces the Hemon risk of thrombotic events antchemic stroke
However, this benefit should be weighed against the risk of her developing ICH if AAT is restarted tc
Timing of resumption of AAT should be determined based on multidisciplinary risk stratification cons
patient risk factors ad comorbidities that may predispose to thromboembolic complications due to prolol
discontinuationof AATcessation.

Keywords: Traumatic brain bleeds can occur in TBI due to various

Traumatic brain injury, Subarachnoid hemorrbagubdural Meéchanisms, such as blunt force trauma, penetrating injuries,
hematoma,Aspirin,Clopidogrel Antiplateletand anticoagulant OF acceleratiordeceleration forces, leading to damage to the

therapy. brain vasculature [3].When traumatic brain hemorrhage
. ) occurs in association with traumatic brain injury, treatment of
Abbreviations: these injuries becomes even more complex. Two examples of

TBI: Traumatic Brain Injury; SAH: Subarachnoid Hemorrhagsimatic brain hemorrhage commonly seen in TBI patients
SDH: Subdural Hematoma; DAI: Diffuse Axonal Injury; ICH: are subarachnoid hemorrhage (SAH) or subdimiatoma
Intracranial Hemorrhage; AAT: Antiplatelet and Anticoagula¢(BDHJ4]. SAH is most commonly caused by TBI, and traumatic
Therapy; CT: Computerized Tomography; CATE:Secondary SAHcan lead to progressiveneurological deterioration and
Cardiogeni@rterial ThromboembolismDAPTDualAntiplatelet increased patient morbidity and mortality [5]. Similarly, SDH is
Therapy; CFR: Cyclic Flow Reduction; NOAC: Novel Oral another possible consequence of TBI. 11% of mild to moderate

AnticoagulantsDOACDirect Oral Anticoagulants TBIs and 20% of severe TBls present with SDH [6]. SDH further
) compoundsthe challengesfaced by patients with TBI, as
Introduction evidenced bythe 60% of patients who either die or become

Traumatic brain injury (TBI) refers to a devastatingand severely disabled following SDH [7]. This highlights the
complex medical condition that can cause death or severe important role played by thecerebrovascular system in
disability [1]. TBI typically arises from direct physical trauma figaintaining the health of nervous tissue. Damage to these
the head, and it is alarmingly prevalent, with an estimated ¢300d vessels can lead to kfiereatening complications.

million individuals worldwide suffering from TBI annually. Along with SAH and SDH, other complicatiofsTBI may also
Individualsin Asia and the Western Pacific experience the result in traumatic brain bleeds, including skull fractures,
greatest burden of disease, including more severe symptomsa@@rebral contusions, and Diffuse Axonal Injury (DAI). Notably,
an increased mortality rate; however, Europe and North skullfracturesresultingfrom TBIserveasa significantpredictor
Americahavethe highestnumberof recordedTBIcaseq?2]. of IntracranialHemorrhage(ICH)[8]. One study by Lukas
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Leitner, et alassessed ovet700 patientswith TBI and found to culminateinto life-threateningtraumaticbrainbleeds.

a statistically significant correlation between skull fractures Traumatic ceretsl hemorrhage can cause various sequelae
and ICH,as wellas ICHelated outcomes [8]. Survivalrates ihat require emergency treatment to improve patient
for patients with ICH remain distressingly low, with less thgfiognosis. Elevated blood pressure is associated with poor
50% d patients surviving to the ongear mark [9]. Those whoprognosis in traumatic cerebral hemorrhage, with an additional
do survive face the sequelae of complications resulting frafak of contributing to hematoma expansigl12]. Although the
traumaticbrainbleeds substantiallycompromisingheir quality |,se of antithrombotic therapy (AAT) is often indicated for the
of life. Cerebrakontusion,anothercomplicationassociatedvith  yreatment of traumatic cerebral hemorrhage, there are a
TBI, is also linked to ICH. These contusions inflict permangfifnper of patient factors that need to be considered before
damage to cerebral tissue, stemming from the absorption gfitiating AAT, as shown in Figure 1. For example, giien
!(lnetlc energy'durln.g direct headtrauma. This trauma resultshigh prevalence of traumatic brain injury in the elderly, many
in_hemorrhagiclesions that can expand and worsen over patients may have other comorbidities such as atrial fibrillation
time. Potential omplications of contusions include seizuregng deep vein thrombosis, and may be at risk for stroke or
hydrocephalus, severe disabilitgoma, and death [10]. DAl pjood clots. AAT is required to reduce the risk of associated
is also a TBielated complication with many adverse effectseyents [1317]. The usefulness of AAT in other such diseases

the most prominent of which is dysautonomia [11]. Overajlay complicate its use in the treatment of traumatic cerebral
damageresultingfrom TBIvariesgreatlyand hasthe potential - hemorrhage.

( )

Anticoagulation/Antiplatelet Therapy in Patients with
Traumatic Brain Injury

Initial Evaluation

« Assess the patient's Glasgow Coma Scale (GCS)
score, vital signs, and neurological status.
« Perform a thorough neurological examination and

imaging studies (CT or MRI) to determine the
extent and severity of TBI.

Mild TBI Moderate TBI
l (GCS 13-15) 1 - (GCS 9-12)
ngn?|:r$E;Ze Hen‘:glrjrtﬁage * In the presence of skull fractures or .
contusions without contraindications:
l o Consider delaying AAT for a defined
period (typically 24-48 hours) post-injury.
l Assess Risk « If there is a high thrombotic risk due to
factors l underlying medical conditions, consider
No Yes bridging therapy (heparin) with close
monitoring of neurological status.
l l ‘ ¢ Consult with a neurosurgeon and
hematologist for individualized management
< AAT maybe 5 Repeat Head CTﬂv SeYig?g;rBl — decisions.
continued or No acute Acute
initiated as per  emorrhage Hemorrhage
the patient's
pre-injur
mediéali):)n ‘J * ¥
regimen, after a
thorough risk- o AAT are
benefit generally avoided
assessment.

Figurel: Theuseof AATIn Patientswith TBI.
. J

If a patient sustains a traurtia brain injury while taking AAT’appropriate d_ura_tion of AAT in the context o_f traumatic brain
these drugs can affect the blood's ability to clot, increasing thi£€ds.Our aim is to provide a comprehensive review of the
risk of brain hemorrhage. Furthermore, excessive use of ARjfrent literature regarding the ideal duration of AAT
may also falsely induce hypotension, which may reduggdministration after traumatic SAH and in acute or chronic
cerebral blood flow [12, 18]. Thereformedical professionals SDH' Additionally, -we Exana the opum_al durat|o_n of
should continue or use these medications during the acuggtlplatelet th_erapy an_d Its Impact on patient care in skull
phase of TBI treatment, striking a delicate balance betwe chturtes% Xf_;_n contus![(r)]n?, anclj DAI. \(;VetW|LI alsodl?r:)k_at thet
preventing further intracerebral hemorrhage and minimizin pact 0 on Prosinetic vaves and stents, and the impac

the risk of blood clotelated complications. The bengfiand f AAT. on bleeding time and _platelet a_lggafagn.. Our
. . : . : discussionwill extend to the potential future implications for
risks of discontinuation must be carefully weighed [19].

_ i ) _ i research concerning the utility of AAT in the context of
Thispaperaimsto reviewthe literature to better ascertairthe  traumatic brain bleeds, emphasizingthe existing limitations
within the current
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bodyof researchon this topic. papers findng an association between administration of the

o ) . oral anticoagulant warfarin and increased risk of ICH,
AATDurationin TraumaticSAHand Acuteor Chronic  prompting further research on this topic [ 21 ].

SDH

Researchers have long endeavored to elucidate and suppofdditionally, antiplatelet drugs such as aspirin are being
the specific decisiomaking processes involved in decidingstudied for their role in preventing inflamation and
whether a patient should continue AAT after traumatic SAHneurysm  rupture, as  shown in  Figure 2.
[20]. This is an increasingly common topic, with many research

( A

Macrop nages

Ej:* ~S-[Fe] —|

IL6
other

Aspirin chemokines

; z inflammation
inflammation

Artery Aneurysm Aneurysm rupture
\FigureZ: Therole of aspirinin patientswith SAH )
TheRoleof Aspirinin Patientswith SAH based on data from 400 patients suffering from traumatic SAH

The optimal timeframe for initiating oral anticoagulation @"d acute and chronic SDH. The study found that a higher HAIR

therapy depends on numerous personalized patient factorscO"® Was associated with increased htspmortality among
Taking this into account, YanHuang Li, et al. proposed a their patients [22]. Another study examined the aneurysmal

straightforward three-step model for determining the ideal UPtUre risk scores in patients with SAH in a large prospective
timing of AATadministration[20]. study involving a cohort of 319 patients. Surprlsm_gly, this Feam
L . . of researchers concluded that the aneurysmakrscores did
{ A patient's risk of developing further thromboembolism or, § JEE o8 A]sz % S] VE[+ ]V E - E
!CH IS eva}luated by ‘?O”S,'d‘?””g a variety _Of faC'[Ofﬁtracranial bleeding [23]. This discrepancyetween studies
including history of atrial fibrillation, mechanical Valv%alls for more researchin the developmentof models that
defects, and previous experience adep vein thrombosis LE 8 0C % E ] & %o S] VE[+ E]el oo eou

or pulmonary embolism. The decision to weigh the prgf;etter conclusionsegardingthe duration of AAT.
and cons of continuous anticoagulation therapy depends

on the patient's specific brain disease [20]. TheOptimal Timingfor AATin SAHand SDH

{ The correct AATis chosen,and the optimal timing for A retrospective study by Yana Puckett aimed to determine the
therapy is determined based on the conclusions drawRest timing for resuming AAT in 256 featts with TBI between
from step one. It is essential to recognize that the decisi@®09and2012.Thestudyreportedthat resumingAATbetween
to initiate AAT shoulbe amultidisciplinaryeffort, with 7 and9.5daysafter TBImayleadto fewer adverseeventswhen
the involvement of neurologists, neurosurgeons,and Ccompared to previous recommendations ofl8 days. The study

interventional cardiologists, promoting a tean+based analyzedatientmetrics,suchascoagulatiorstudiestype of TBI,
approachto patientcare[20]. treatment, and AATresumptiontiming, andit evaluatedpatient
outcomes during a simonth follow-up. Rates of complications

{ Clinicians take additional measures to manage any chronic ) . . L ;
ere also assessed, including mortality, myocardial infarction,

;Zhmorg?éaiiso:]hﬁéat:ﬁaﬁs:fr:rggﬁetigsﬁzxop]enencmg’ Suc\_ﬁroke,re-bleeding,venousthromboembolism,and pneumonia.
i yp ' ' o ) Adversesventswereleastobserved10%)n the grouprestarting
The first step of this model focuses on evaluating risk SCOIRRT petween 7.4 days, while the group not resuming AAT had
for thromboembolism and ICH which can prove to be a the highest rate of adverse events (68.8%). One limitation of
complicatedorocessForinstance onestudyby VivienHLee et  thjs studywaslow statisticalpower dueto follow-up limitations

al. establisheda simplescoringsystemknownasthe HAIRScore  4nq a patient cohort with shorter hospital observation periods
(Hunt and Hess score, age, intraventricular hemorrhage, g more benign brain injuries [17]. Further research should
bleed)[22]. Thisscoringsystemyangingfrom Oto 8, offersinsight  focys on patients with more severe TBIs with longer durations
into the variousrisksassociatedvith SAHandwasformulated  of hospitalization.

Another review article by JochenA. Sembill concludedthat
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physicianstypically initiated AAT as early as one week for upon other clinical and radiological assessments. However, the
patients without significantrisk factors like atrial fibrillation optimaldurationof AATfor patientswith skullfracturesremains

or a history of thromboembolism [24]. For patients with othea topic of ongoing research. This highlights the need for further
relevant medical histories, the timing of re-initiation was clinical trials and consensusguidelinesto provide clearer
adjustedbasedon individualrisk factors. On the other hand, recommendations to healthcare practitioners managing these
a survey of multiple neurosurgeons by Yan Xu et al. revealedoanplexcaseq16].

lack of consensus regarding the timing ofiméiating therapy, AATIndicationsfor SevereTBI,CerebralContusionsand

with 40% of physicians preferring to recommence treatmema|

between 14 days and 3 months after the initial injury [25]. In
conclusionthe literature offersvaryingrecommendationsyith
some favoring rénitiation of therapy within one week, others

In casesinvolving severe TBIs characterizedby extensive
contusionsor DAI, the potential benefits of AAT must be
suggestiga 1-2 weekdelay,andstill othersadvocatingor even Car?“.‘”y weighed against th'e' agsqciated bleeding risks. This
longerintervalsexceedingne month [17,2429]. decision .often requires multidisciplinary co'llaboratlor) among
neurologists, neurosurgeons,and hematologiststo optimize
Lastly, in terms of how long AAT should be administered, gagtient outcomes whileminimizing complicationsHowever,
studyby HormuzdiyaiH Dasenbrocket al. foundthat longterm - yanig AAT reversal is recommended in patients with ICH, with
AAT was associated with several significant benefits, i”C|Udfcﬂ9telettransfusionbeingthe suggestedapproachfor reversing
shorter hospital stays, reduced risk of venous thrombotic aspirin or clopidogrel therapy [13, 19]. In cases of warfarin
events, and a decreasedlikelihood of cardiaccomplications induced coagulopathies, effectivieeatment can typically be
[30]. Similarly, another study concludedthat the longterm achievedwith freshfrozen plasmaand intravenousitamin
administration of this therapy (>2 weeks) substantially k. However, the use of recombinant activated factor VII in
lowered the overall incidence of delayed cerebral ischemiggfarin-associated traumatic ICH remains uncertain, mainly

particularlywhenit wasconcurrentlyappliedwith endovascular q4ye to limited clinical benefits, cost considerat® and safety
treatment [31]. Moreover, it was associatedvith improved concerngn traumacaseq13]

patient outcomes and reduced mortality rates. Conversely,

Albrecht, et al. conducted a retrospective investigation into
the risk of adverse outcomes in TBI patients hospitalized for
%¥1e year. They compared those who resumed warfarin therapy
to those who did not, revealing a reduced risk of thrombotic
events (RR,0.77; 95% CI, 0.67t0.88) and hemorrhagic or
ischemic strokes (RR, 0.83; 95% CI, f:A@5) associated with
warfarin resumption. However, warfarin resumption was also
AATindicationsfor other complicationsof TBI linked to an inceased risk of hemorrhagic events (RR, 1.51;

Skull fractures, anterior cranial and temporal bone contusior®>% Cl, 1.29t1.78). These findings suggestan overall net
and administratio of AAT after DAl are topics of ongoinBenef't in resuming anticoagulationfor most patients [33].
research and clinical discussion. However, the lack of stroAgother study, which included 3355 participants, reviewed the
research such as randomized controlled trials has limited thgtcomes related to neurologicaleterioration or progression
availability of evidencdased clinical recommendations in thi®f hemorrhagic TBI on repeat head CT scans in patients who
area [19]. Decisions regdrd) the management of AATreceivedanticoagulatiorwithin 60dayspostinjury. Themedian
administration are complex and multifactorial, taking int@dministration time for anticoagulation after injury was found
account the patient's general health status, injury severity ad@ be 9 days, and there were no indications of neurological
location, and risk of thromboembolic and hemorrhagic eventdecline attributable to the administration of anticoagulation;
Therefore, the approach to managing theseipat cohorts is hOW-ever, 6 patients exhibited an advancement of hgmorrhag_ic
highly dependent on the empirical assessment and cliniddp! in followup head CT scans. Furthermore, multiple logistic
experience of the physicians. This reliance on clinical judgmE&@ressionanalysis revealed that patients aged 65 and older
may contribute to the lack of an established protocol fofere significantly linked to the advancement of hemorrhagic

determining the optimal time frame for resumption of AAT iff Blfollowingtherapeuticanticoagulation(oddsratio, 15.2;95%
patients after TBI [14, 17, 19]. confidenceinterval, 1.1-212.7;P=0.04]34].

AATIndicationsfor Minor TBland SkullFractures Tykockiand Guzek,et al. alsoreported a relatively low risk
of hemorrhagic complicationsin the early resumption of

The curren;c] Iitzratu_re prtfes:;‘_[?fa”rar)ge 'quBlr elfomme”daﬂo%tithrombotictherapywithin3-17.5daysafterTB|Furthermore,
concerningthe duration o oflowing TBI. Forinstance, g findingsindicatethat the riskof suchcomplicationanaybe

in cases of minor skull fractures or minor TBI with negatifen jower when nosvitamin K antagonist oral anticoagulants

Computerized Tomography (CT) images, there is typicallyaﬁlgused comparedto vitamin K antagonists [35].
recommended revesal of AAT. Instead, it is advised to monitor ’

the patient in the intensive care unit and perform repeat scarfsntiplatelet Therapies
to rule out any potential bleeding [13,19]. If the subsequertheEffectsof AATson ProstheticValvesand Stents

scans do not reveal any bleeding, the resumption of AAT MAR 1yherapyisalso indicatedor use intraumaticbrain bleeds
be consideredwithin a matter of daysto weeks,contingent ¢ natients with prosthetic valvesand stents. For instance,

and demonstrated the potential risks of hemorrhage and

thrombosig[32]. Consequentlythesedivergentfindings suggest
that there isanidentifiableoptimal timing for resumingtherapy

that fallswithin the current window forre-initiation.
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one study by Makkar, et al. found that clopidogrel and aspifiFheEffectsof AATson IntravascularThrombosis

therapy significantly reduced thrombus formation in ex vivoThe debate regarding AAT also extends to the topic of
porcine models with deployed nitinol stents in external i ayascular thrombosis. For instance, one doubleblinded
arteriovenous shunts.f study investigated the acute actiongangomized control trial studied two groups of cats receiving
of these regimens and found that a combination of clopidogrglner aspirin or clopidogrel to investigatethe incidence of
and aspirin demonstrated significant effects for reducing acuﬂeecondaryCardiogenic Arterial Thromboembolism (CATE).
thrombus formation over the deployed stents, even at 10w g researchersfound that clopidogreltreated cats had a
doses. Aspirin showed synergistic effects when combined wiffaificantly decreasedlikelihood of recurrent CATEand an
clopidogrel, enhancing its artifirombotic effects, but models jncreased median time for the event to occur. Additionally, the

treated with aspirin alone had almost complete obliteration Oélopidogrel group was less likely to die due to cardiac causes
the stentbythe thrombus.Similarly pigstreated with clopidogrel [40].

alonehadaninsignificantevelof diminishedthrombosisunless

given in relatively high doses when compared to the combine he aforemen_tioned stu_dy by H_a”‘_?“ et al. also found that
treatment regimen[36]. although heparin ad clopidogrel significantly reduced platelet

) ) ) ] aggregation on the placed stent, they did not decrease the
In. another study mvo'lvmg a rabbit model, the combined platelet deposition on a vasculargraft when compared to
regimen was assessed in ex vivo heart valves and compared Withhidogrel alone. Contrastingly, clopidogrel combined with
the acute effects of warfarin. The study found that clopidogrgkpirin diminished graft plateledepositions dramatically [38].
andaspirintherapyresultedin agreaterreductlonof thrombus  apother study measured the acute Cyclic Flow Reduction (CFR)
overthe heartvalvesthan warfarinor control groups[37]. in the coronary arteries of pigs with induced unstable angina
Simikrly, in adifferent experimentinvolvingbaboonsHarker,et and its relation to clopidogrel and aspirin when used alone or
al.examinedhe efficacyof clopidogrelandaspirinin preventing combined.Thesearesearchersoundthat clopidogrelandaspirin
platelet depositions on externally placed arteriovenous shuntisgether,evenat low dosesexhibitedrapid and effectiveaction
with stainless steel stents. The study examined the cumulativedecreasing the CFR whilst inhibition of platelet aggregation
effect of clopidogrel in inhibiting platelet depositions over siwas delayed. In fact, aspirin or clopidogrel alone with the same
days on the hypercoagulable stent; it studied low doses of thlesesdid not showany effectsat all[41].
clopidogrel and examined the additive effects of aspirin WheRrne antithrombotic effects of clopidogrel, ticlopidine, and
_combined\_/vith clopidogrel.Thestudyalsoinve_stigatec_heparin _prasugrel weresingly comparedn rat models after induction
in an ex vivo placed stent, both alone and in combination W'@f carotid arterial thrombosis in a different study. The study
clopidogrel. The study demonstrated that heparin did not  meagured vessel occlusion time after induction of thrombosis
significantly reduce platelet depositions over the placed steQhq treatment in comparison to the non-treated group.
unlesdt wascombinedwithclopidogrelT hestudyalsofoundthat Prasugrel displayed more potent and faster actions, compared
the combindion of theseregimensdid not significantlyincrease clopidogrel and ticlopidine, in keeping patent vessels and
the bleedingtime when comparedto clopidogrelalone[38].  roqycing thrombus formation [42]. Moreover, these drugs

McKellar, et al. also contrasted the effects of clopidogrel amgere examined for their ability to prevent arteriovenous shunt
aspirin with dalteparin in preventing thrombus formation ovethrombosis in rats; their results were strikingly similar to the
various periods of time. The study involved a postmortem previously mentioned study [42,43]. In another experiment
analysis of thrombusize over implanted aortiwalves.The involving rat models, aspirin, clopidogrel, enoxaparin, and
researchersstudied swine for 30 days divided into three heparinwere comparedwith each other as single therapies
treatment groups: 1. combined treatment with clopidogrel or in combination with aspirin for the inhibition of CFR post
and aspirin, 2. single treatment withogidogrel, aspirin, or induction of carotid artery thrombosis. This study concluded
dalteparin, or 3. non-treated group. Swine receiving Dual that clopidogrelcombinedwith aspirinwasmore effectivethan
AntiplateletTherapy(DAPThadadrasticreductionin thrombus enoxaparin and aspitior heparin and aspirin in the reduction
size in comparison to the control group. Additionally, swirgfthrombusformation [44]. Combinedherapywith aspirinand
treated with single therapies had a larger thrombus size whefopidogrel is more effective in treating intravascular thrombosis
compared to the DAPTSs, but their effects were deemed to kigan other combinationor stand-alonetreatment regimens.
insignificant. The swine receiving dalteparinad the largest TheEffectsof AATon Platelet Aggregation
thrombus size compared to the other treatment groups, . . — .
followed by aspirinand clopidogrel. Dalteparitreated swine Clopldqgre_l substantially inhibits - ADRinduced platelet
aggregation in a dosdependent manner; however, it has no

had a thrombus size nearly three times largerthan DAPTSs. ) X : o
DAPTs were also compared to the control group over 150 dag/z.e‘:t on collagesinduced aggregatlo_n. (_:ontrastmgly, aspirin
Mean thrombus size in the aspirin and clopidogrel combin jevents collageslependent aggregation in a dostependent

group was significantly smaller thahe control group, with a pattern with a minimal effect on ADiRduced aggregation. A

four times greater size reduction. Interestingly, there were n%omblnatmn of both regimens resulted in a delayed effect on

reported deaths due to thromboembolic events in the ShonADPdependent aggregationwithout a significant effect on

term, longterm, or nontreated group [39]. Hence, it can becoIIageninducedaggregatior{41].Ontheotherhand,prasugrel

concluded that a combination of aspirin astbpidogrel is the Qisplayed stronger and fas_ter_inhipition of platglet aggregation
both mechanisms, and its inhibitory effects increased when

most effective treatment for thrombi in prosthetic valves and’ ) ; .
stents P combinedwith aspirin, everat low doses [45,46].
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TheEffectsof AATson BleedingTime unlike prasugrel and clopidogrel. Additionally, in vivo and ex

The aforementioned study by H. J. Daykin, et al. Compaﬁéﬁo studies revealed no significant difference in bleeding time
bleeding time in association with the administration of AAT alorfd'dthrombusformation betweenticagrelorandprasugre[49]

orin combinationwith aspirin.Thetail bleedingtimesassociated Futuremplicationsfor Researcton the Useof AATs
with heparin and enoxaparin were significantly increased FH Traumatic Bain Bleeds

higher doses when compared to aspirin or clopidogrel alone. . . .

Cgmbining anticoagulantz with aspi?in furtherpinc?eased rBualltyof Efficacyand SideEffects

bleedingtime in contrastto the combination of clopidogrel The core concern when administering AAT in cases of traumatic
and aspitin [44]. Similarly,rivaroxabanhad a minor increase brain bleeds revolves around the balance between potential
in bleeding time compared to clopidogrel with aspirin, but néerapeutic benefits and associated risks. These medications
statistically significant differences were found [47]. Clopidografe invaluable for mitigating the danger of thrombotic events
and prasugrel also had no significant difference in the bleedilgch as ischemic strokes. However, their mechanism of action
time [46]. Further research should focus on assessing bleedigo significantly elevates the risk of further hemorrhagic
time with combinationtherapieswith largersamplesizes. complicationssuch as increasedintracranial pressure, brain

. . herniation, neurological deficits, epilepsy, and cerebral edema
Ticagrelor Prasugreland Clopidogrel R .
g grela pidog [50]. While it is widely accepted that platelets regulate primary

Another experimental study involved ex vivo and in vivo ribmostasis, the impact of antiplatelet medications on subdural
and dog models to compare ticagrelor therapy to clopidogrgbmatomas or subarachnoid hemorrhages remains an area of
and compounds072 and 105, chemicalcompoundsidentical 4ctive investigatn [51]. However, antiplatelet use has been
to prasugrel and its active metabolite, respectively. J.J.J. YaQociated with an increased risk of acute ICH {bestd trauma,
Glezen., et al. found that ticagrelor has distinguishing ?hem'ﬁ%eit with a low risk for delayed ICH [52]. Thus, immediate
propertieswhen compared to both prasugrel and clopidogrelieaq CT imaging is recommended for all such patients [55]. In
For instance, ticagrelor is an active compound that does N@hical scenarios wére anticoagulation is crucial for the patient,
need to be converted by the liver to exert its effects, unlikg,ch as in atrial fibrillation or specific cardiac conditions, the
thienopyridines. Additionally, the high affinity of ticagrelor geisionto recommencereatmentshouldbe more meticulously

saturates active s and leaves it able to more rapidly reacRycyjated. Overall, the drugs that are currently in use in the
equilibrium when compared to clopidogrel and prasugrel [48]onext of traumatic brain bleedsare outlined in TableL.
Ticagrelotisalsocapableof reversiblybindingto the activesite,

Tablel: Drugscommonlyusedto managecoagulopathyn traumaticbrainbleeds.

Drug Mechanism SideEffects Druginteractions Reversahgents
Warfarin VitaminK Antagonist BleedingBruising NSAIDsAntibiotics VitaminK,FFP
DabigatranPradaxa)| Directthrombininhibitor | GlUpset,Bleeding Antiplatelets Idarucizumab
RivaroxabariXarelto)| FactorXainhibitor BleedingLiverdysfunction| NSAIDsAntiplatelets Andexanetlfa
Apixaban(Eliquis) FactorXainhibitor BleedingNausea NSAIDsAntiplatelets Andexanetlfa
Heparin Antithrombinactivator BleedingHIT Antiplatelets ProtamineSulfate
Enoxaparir{Lovenox)| Lowmolecular weight Bleeding Bruising NSAIDsAntiplatelets ProtamineSulfate
heparin
Clopidogre(Plavix) | ADPreceptorinhibitor BleedingGlUpset PPIsOtherantiplatelets| None
Lisinopril ACHnhibitor CoughElevatedbloodK+ | NSAIDiuretics None
Amlodipine Ca2+Channeblocker EdemaHeadache Grapefruitjuice None
Metoprolol BetaBlocker Fatigue Bradycardia Antiarrhythmics Glucagon
Levetiracetam SV2Amnodulation Irritability, Dizziness OtherCNSlepressants | None

DrugInteractionsin Patientswith Multiple Comorbidities administered in the context of traumatic brain bleeds remains
In patients with multiple comorbidities, polypharmacyis a controvers;_ial. Majeed et aI_. concluded that the optimal timing
prevalent issue that further complicates the use of AAT. TIR§ restarting anticoagulation should be between 10 and 30
polypharmacyenvironmentsignificantiyheightensthe potential Weeks after the intracranial bleeding (55% had ICH), based on
for drug interactions, making it an area requiring comprehensif® highrisk of recurrent hemorrhagen the first 10 weeks
study. Certain medications, such as NSAIDsand specific that decreased over time, and a rise in ischemic complications
antibiotics, can interact with anticoagulants to exacerbate tH€yond 30 weeks [57]. Meanwhile, Park et al. proposed that
riskof bleeding Thesedruginteractionsarenot merelyadditive OAC be reiiated after 2 weeks to avoid the overriding effect

but can often produce synergistic effects, amplifying the risR& intracranial_ hemorrhage recurrence on the prevention of
associatedwith each medicatiofi56]. systemic thromboembolism and ischemic stroke [58]. Current

Durationof Therapy practice is largely empirical and there is a need for prospective,

_ : _ . randomizedrialsthat compareshortterm vslong-term therapy
As noted earlier, optimal duration for which AATshouldbe  to determinewhichprovidesanidealriskto-benefitratio.
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Alternative Therapies basd care that maximizes therapeutic benefits while minimizing

Whilecurrent AAT has provenefficacious in various settings, thaflverse outcomes. Strategiesfor achievingthis involve the
limitations, and associated risks in the context of traumatic brafieSignof rigorousrandomizedclinicaltrials, longitudinalcohort
hemorrhage illustrate the need for innovative pharmacologicgiudies, meta-analyses,standardizationof outcome metrics,
strategies. The development of drugs with targeted mechanisfgdPatientrisk stratification.

of actionthat provideanticoagulanbenefitswithout increasing Randomized clinical trials remain the gold standard in clinical
the risk of hemorrhage is of paramount importance. Promisirigsearch, providing robust evidence on the efficacy and safety
therapeutics include Novel Oral Anticoagulants (NOACS).-net interventions. However, longitudinal cohort studies offer
generation antiplatelet agents, antinypertensive medicationspmplementary insights into longerterm outcomes and
antiepileptics,andstatins. potential late complications associated with varying treatment

NOACsuchasdabigatranetexilatemesylate rivaroxabanand durations. Such studies could provide critical information on

apixaban represent a significant leap forward. A 2022 methe longitudinalsafetyandefficacyof anticoagulantegimensin

analysis revealed that Direct Oral Anticoagulants (DOACs) Ri@n hemorrhage patients. Additionally, mesaalyses, which

the riskof ICHby nearlyhalf comparedto VitaminK antagonists, Synthesize data from multiple independent studies, offer more
with dabigatran 110 mg identified as the safest DOAC in terfifiable estimates of treatment effects which is valuable when
of ICHrisk [59-61]. Anotherstudyfrom 2020found that despite Individual studies yield small or conflicting results. Outcome
DOACSeingreversedat nearlyhalfthe rate of warfarin, patients standadization is another pivotal aspect. Clear definitions of
with traumatic ICH on warfarin had highem@onth mortality what constitutes a successful outcome such as clot resolution,
rates,suggesting potential survivaladvantaggor DOACn this absence Qf rebleeding,.or reduced morbidity would facilitate
population[62]. Assuch,NOACsreincreasingljpecomingfirst- cOmparabilityacrossstudies.

line optionsfor strokepreventionin atrial fibrillation patientsat A notable deficiency in the current state of research is the lack
highrisk forICH [63]. of patientstratified studies, which would consider individual

Nextgeneration antiplatelet agents, such as cangrelor and riskfactorslike age,comprbidities,anc_jthe specificnature of the
ticagrelor, hold significant promise in the managementof Prain hemorrhage.For instance,anticoagulanttherapy poses
patients who have experienced traumatic brain bleeds [64},Unidue risk/benefit profile for elderly, strokerone patients
Unliketraditional antiplateletdrugslike clopidogrel thesenewer €ompared to younger cohorts [59]. Patient stratification could
agents offer more targeted and controllable platelet inhibitiorPae the way for more individualized treatment plans, allowing
For example, cangrelor is an intravenousy®2 inhibitor with fo_r t_hg qptlmlzed use of anticoagulants and antiplatelets while
rapid onset and offset of action, providing clinicians with th@inimizingadverse outcomes.
ability to quickly titrate its effects [65]. Ticagrelor, on the otheC onclusion

hand, is an oral agent that also acts on the P2Y12 receptor byt . .
. o S treatments for traumatic cerebral herrhage continue to
offers the benefit of reversibility [66 These features balance ) ) .
efvolve, the need for comprehensive comparative studies

the need for antithrombotic efficacy with a minimized risk a . . o :
. . . . Increases. Advances in personalized medicine are creating new
further hemorrhagic complications. This adaptability offers

clinicians greaterflexibility in tailoring therapy to individual opportunities for personalized treatment plans that take into

. . . SO .__account variables such as drug interactions, genetic
patient needs, which can be particularlgreficial in scenarios . - I . .
o o ) : . . edisposition, and comorbidities. This multifaceted approach
requiring surgical intervention or when there is a high risk 0

ould include not only evaluation of the optimal duration of
recurrent hemorrhage. ; . .
o ] ) _ ~ AAT, but also evaluation of new pharmacological alternatives
The utilization of antihypertensive agents like ACE inhibitokg;ch as NOACs and nepneration antiplatelet agents.

calcium channel blockers, and beta-blockers, although . .
somewhatcontroversial pffersanotherstrategyto mitigatethe In the case of _hemmhage n TBI, the standard of care Is to
resume appropriate AAT at intervals to reduce the risk of ICH,

risk of recurrent bleeds by maintaining optimal blood pressute’. ™~ .. . S .
R L . ut timing and treatment vary among clinicians. Various
levels.Antiepilepticmedications suchaslevetiracetammaybe . ’
. . . . tudies have shown that restarting AAT reduces the H@nm
utilized prophylactically to prevent seizures, which can elevate

) : . . rsk of thrombotic events and ischec stroke. However, this

intracranial pressurerad potentially exacerbate bleeding [67]. . K b iahed : he risk of developi it

While not directly aimed at reducing the risk of bleeding some must be weighe agams_tt_ € sk ot developing ICH if AAT
! iS restarted too soon. The timing of resuming AAT should be

clinicians consider the use of statins for their neuroprotectiv&etermined based on multidisciplinary risk stratification

effects, although further research is needed to validate their_ ~. = . ; ; L
) N ) e considering patient risk factors and comorbid#ti¢hat may
efficacy in this contex[68]. Lifestyle modifications also serv . g :
X . : . . ead to thromboembolic complications with lofigrm
as adjunctive strategies and should be monitored rigorously, ) : .
iscontinuation of AATessation.

Thesedncludesmokingcessationalcohollimitation, anddietary _ o o

StrengtheningDataRegardinghe Durationof AATUse @t can have significant andar-reaching consequencesin

the short and long term. Achieving an accurate diagnosis and
in the context of traumatic brain bleed, a comprehensive, gecisions related to AAT, should be based on the mositp
the quality of evidence allowingcliniciansio deliverevidence  eachpatient whilst takinginto considerationco-morbidities and
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clinically compliceing factors. The continually evolving body ofnanagementstrategiesin the older patients. J Blood Med.
literature on this subject highlights the critical importance #017;8:165174.

ongoing research efforts aimed at generating robust evidenge pyckett Y, ZhangK, Blasingamel, et al. SafestTime to

to guide the management and treatment of TBIs, especiallyasume Oral Anticoagulation in Patients with Traumatic Brain

the contextof continued AAT. Injury. Cureus2018;10(7):e2920.
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