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Do anticoagulant and antiplatelet drugs exert local
effects in chronic subdural hematoma expansion?

o/

Maji antikoagulacni a protidestickové léky
lokaInf Ucinky na zvétseni chronického
subduralniho hematomu?

Abstract

Introduction: Chronic subdural hematoma is a frequent neurosurgical condition often linked to
anticoagulant and antiplatelet therapy. Whether these agents exert local biochemical effects
on hematoma expansion is unclear. This study examined the presence of active metabolites of
acetylsalicylic acid, warfarin, clopidogrel, and enoxaparin in hematoma fluid and capsule tissue
obtained during burr-hole surgery. Materials and methods: A prospective observational study
included 42 patients (25 males, 17 females; mean age 68.5 years) who underwent burr-hole
drainage without discontinuation of anticoagulant or antiplatelet therapy. Hematoma fluid
and capsule samples were collected intraoperatively and analyzed by high-performance liquid
chromatography. Results: Patients were on acetylsalicylic acid (N = 12), warfarin (N = 8), clopidogrel
(N = 6), enoxaparin (N = 7), or the combination of acetylsalicylic acid and clopidogrel (N = 9).
None of the active metabolites were detected in any hematoma fluid or capsule sample. No
intraoperative complications occurred. Conclusion: Anticoagulant and antiplatelet agents are
recognized systemic risk factors in chronic subdural hematoma development and progression.
However, this study found no evidence of local accumulation within hematoma tissue. The results
indicate that their role in chronic subdural hematoma pathogenesis is mediated through systemic
hemostatic mechanisms rather than local biochemical effects.

Abstrakt

Uvod: Chronicky subdurdni hematom je ¢astym neurochirurgickym stavem, ktery je ¢asto spojen
santikoagula¢nfa protidestickovou terapii. Nenijasné, zda tyto latky majf lokdInf biochemicky vliv na
zvétsenihematomu. Tato studiezkoumala pfitomnost aktivnich metabolitl kyseliny acetylsalicylové,
warfarinu, klopidogrelu a enoxaparinu v tekutiné hematomu a tkéni kapsuly ziskanych béhem
operace s pouzitim trepanace. Materidly a metody: Prospektivni observacni studie zahrnovala 42
pacientd (25 muzd, 17 zen; primérny vék 68,5 roku), ktefi podstoupili drendz pomoci trepanace
bez preruseni antikoagula¢ni nebo protidestickové [é¢by. Vzorky tekutiny hematomu a kapsuly
byly odebrany intraoperativné a analyzovany pomoci vysokoucinné kapalinové chromatografie.
Vysledky: Pacienti uzivali kyselinu acetylsalicylovou (n = 12), warfarin (n = 8), klopidogrel (n = 6),
enoxaparin (n = 7) nebo kombinaci kyseliny acetylsalicylové a klopidogrelu (n = 9). V zddném
vzorku tekutiny hematomu ani kapsuly nebyly detekovény zddné aktivni metabolity. Nevyskytly
se zadné intraoperacni komplikace. Zdvér: Antikoagulancia a protidestickové Iéky jsou uzndvanymi
systémovymi rizikovymi faktory pro vznik a progresi chronického subduralniho hematomu.
Tato studie vsak nezjistila zddné ddkazy o jejich lokdIni akumulaci v tkdni hematomu. Vysledky
naznacuji, Ze jejich role v patogenezi chronického subdurdlnfho hematomu je zprostfedkovana
spise systémovymi hemostatickymi mechanismy nez lokalnimi biochemickymi ucinky.
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Introduction

Chronic subdural hematoma (CSDH) is a col-
lection of blood and blood breakdown
products between the dura and arach-
noid membranes, encapsulated by a pseu-
domembrane. The condition is frequently
encountered in neurosurgical practice. First
described in 1857 by Virchow as “hemor-
rhagic pachymeningitis,” CSDH typically oc-
curs after trauma but may also arise from
non-traumatic causes such as arteriovenous
malformations or intracranial tumors [1].
Several factors contribute to its develop-
ment and expansion, including cerebral at-
rophy, intracranial hypotension, iatrogenic
over-drainage of CSF, hematological disor-
ders (e.g., coagulopathies and hemophilia),
and the use of anticoagulant or antiplatelet
drugs [2].

The pathophysiology underlying the ex-
pansion of CSDHs remains a subject of
ongoing debate, with multiple etiologi-
cal factors implicated. In recent years, the
widespread use of anticoagulant and anti-
platelet agents, driven by the rising preva-
lence of cardiovascular and cerebrovascular
diseases, has contributed to the increasing
incidence of CSDH. The ARISE | Consen-
sus Statement (2024), an international mul-
tidisciplinary consensus document on the
management of CSDH, also recognizes the
growing global burden of CSDH and high-
lights the increasing use of antithrombotic
therapy as one of the major contributing
factors [3].

The originality of this study lies in its focus
on the direct detection of anticoagulant and

Tab. 1. Patient demographics and me-
dication profile.
Variable Value
number of patients 42
sex (M/F) 25/17
mean age (years) 68.5+10.2
drug types (N)
- acetylsalicylic acid 12
— warfarin 8
- clopidogrel 6
— enoxaparin 7
- acetylsalicylic acid
+ clopidogrel ?
F —female; M — male; N — number

antiplatelet agents within hematoma mate-
rial. Although numerous studies have exam-
ined the association between these drugs
and CSDH expansion, few have investigated
the presence of these drugs or their metab-
olites in hematoma samples using analyti-
cal methods. In this study, we measured the
levels of acetylsalicylic acid, warfarin, clopi-
dogrel, and enoxaparin active ingredients
in hematoma fluid and capsule tissue ob-
tained from patients with CSDH to evaluate
whether these agents exert a local effect on
hematoma expansion.

Materials and methods

This prospective observational study was
conducted at a single tertiary care hospi-
tal. Forty-two symptomatic adult patients
(> 18 years) with a radiologically confirmed
diagnosis of CSDH who were receiving an-
ticoagulant or antiplatelet therapy at the
time of presentation and underwent emer-
gency burr-hole surgery without discon-
tinuation of these medications were in-
cluded. Because this study included cases
requiring emergency surgery, the exact tim-
ing of the last anticoagulant or antiplatelet
dose could not be reliably documented, re-
flecting an inherent limitation of emergency
CSDH management.

Inclusion criteria were: (1) CSDH con-
firmed by imaging, (2) ongoing use of anti-
coagulant and/or antiplatelet therapy, and
(3) emergency burr-hole decompression. Pa-
tients with subacute/acute hematoma, in-
dividuals with known non-drug-induced
coagulopathy, and those with missing data
were excluded.

Clinical data, including patient age, sex,
comorbidities, Glasgow Coma Scale score
at admission, type of medication used, and
dosage, were recorded. During surgery, ap-
proximately 5-10 mL of hematoma fluid

sample and capsule tissue were collected
and stored under appropriate conditions for
analysis.

Concentrations of the drug active ingre-
dients were determined using high-perfor-
mance liquid chromatography (HPLC). The
HPLC system (Shimadzu, Kyoto, Japan) was
equipped with a pump (LG20AT, controlled
by CBM-20A), autosampler (SIL-20A), degas-
ser (DGU-20A), column oven (CTO-20A), and
UV-VIS detector (SPD-20A). A C18 column was
used for separation, and active ingredient
levels of acetylsalicylic acid, warfarin, clopi-
dogrel, and enoxaparin were quantified.

Descriptive statistics were generated
using the SPSS v26.0 program (IBM, Armonk,
NY, USA).

This study was conducted and reported
in accordance with the Strengthening the
Reporting of Observational Studies in Ep-
idemiology (STROBE) Statement for cohort
studies [4]. A completed STROBE checklist is
available only online as supplementary ma-
terial (Supplement 1).

Results
A total of 42 patients (25 males, 17 females)
were included in the study. The mean age
was 68.5 years. All patients were using at
least one anticoagulant/antiplatelet drug
before surgery. Patient demographics and
medication profile are presented in Tab. 1.
High-performance liquid chromatogra-
phy analysis revealed no detectable levels
of the active ingredients of acetylsalicylic
acid, warfarin, clopidogrel, or enoxapa-
rin in either hematoma fluid or capsule tis-
sue samples. All measurements were below
the established limits of detection (LOD:
0.01 pg/mL) and limit of quantification (LOQ:
0.03 ug/mL). Samples were stored at —80 °C
and subjected to a single freeze-thaw cycle
before analysis (Tab. 2).

capsule tissue samples.

Drug No. of patients

Tab. 2. High-performance liquid chromatography analysis of hematoma fluid and

Detection Detection

+ clopidogrel

on therapy in hematoma fluid  in capsule tissue
acetylsalicylic acid 12 not detected not detected
warfarin 8 not detected not detected
clopidogrel 6 not detected not detected
enoxaparin 7 not detected not detected
acetylsalicylic acid 9 not detected not detected
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Discussion

Chronic subdural hematoma is a complex
pathology comprising three main morpho-
logical components: the outer membrane,
the hematoma cavity, and the inner mem-
brane. While the inner membrane contains
relatively few vessels, the outer membrane
often harbors numerous fragile macrocapil-
laries that are a source of recurrent, multifo-
cal bleeding [5]. Several factors contribute to
CSDH expansion, including recurrent bleed-
ing, exudation from the outer membrane
into the interior, orthostatic mechanisms,
and rapid expansion secondary to CSF com-
pression [6]. Clinically, advanced age and the
use of anticoagulant or antiplatelet agents
are recognized as the most significant risk
factors for hematoma progression. In large
hematomas, increased tension in the bridg-
ing veins predisposes to minor rebleed-
ing, which further augments hematoma
volume [7].

Excessive fibrinolytic activity has also
been identified as an important contributor
to CSDH progression. Fibrinolysis compro-
mises the integrity of membranous and vas-
cular structures, thereby promoting hema-
toma enlargement [8]. Shim etal. reported
significantly higher levels of fibrin degrada-
tion products in CSDH fluid compared with
patient plasma [9], indicating increased fi-
brinolytic activity in the subdural space. Fi-
brin degradation products exert both anti-
coagulantand vasodilatory effects. Although
physiological levels of fibrinolysis are neces-
sary for clot resorption, abnormal upregu-
lation of this process can lead to recurrent
bleeding from the membranes surrounding
the hematoma. Therefore, excessive local fi-
brinolytic activity plays a critical role in the
pathophysiology of CSDH expansion [10].

Previous clinical studies have primar-
ily focused on the association between an-
tithrombotic therapy and the development,
recurrence, and perioperative management
of CSDH [11,12]. In contrast, previous patho-
physiological studies have mainly investi-
gated angiogenesis, vascular proliferation,
inflammatory activity, and hyperfibrinolysis
within the hematoma cavity [5,9]. However,
the direct evaluation of commonly used an-
ticoagulant and antiplatelet agents within
hematoma fluid and capsule tissue has re-
ceived little attention. The present study ex-
tends the existing literature by evaluating the
local presence of these agents using HPLC,
and our findings suggest that their contribu-
tion to CSDH progression is more likely me-

diated through systemic hemostatic altera-
tions rather than direct local accumulation.

Clinically, anticoagulant and antiplate-
let drugs are recognized as major risk fac-
tors for the development and recurrence
of CSDH [13]. However, it remains uncertain
whether their effect is mediated exclusively
through systemic alterations in hemostasis
or also through local accumulation within
the hematoma. In this study, we analyzed
hematoma fluid and outer membrane sam-
ples obtained during emergency burr-hole
drainage from patients who continued anti-
coagulant and/or antiplatelet therapy at the
time of surgery. Specifically, we investigated
the presence of acetylsalicylic acid, warfarin,
clopidogrel, and enoxaparin. None of the ac-
tive ingredients of these drugs was detected
in any of the samples.

Several explanations may account for
this negative finding. First, pharmacokinetic
properties such as metabolism, tissue distri-
bution, and plasma half-life likely limit the
passage of active metabolites into the he-
matoma cavity. For example, acetylsalicylic
acid is rapidly deacetylated in plasma. Clopi-
dogrel is a short-half-life prodrug, and its ac-
tive metabolite binds extensively to plasma
proteins. Enoxaparin, however, cannot cross
into intracranial regions due to its molecu-
lar size and polarity. Second, the timing of
the last drug dose prior to surgery could not
be precisely determined. Third, biochemical
degradation or dilution within the hema-
toma matrix may have reduced concentra-
tions below the analytical sensitivity limit
despite systemic exposure.

Our findings suggest that the contribution
of anticoagulant and antiplatelet agents to
the pathophysiology of CSDH occurs primar-
ily through systemic rather than local mech-
anisms. These agents may promote hema-
toma formation and expansion by increasing
the susceptibility of fragile neocapillaries in
the outer membrane to microbleeding. How-
ever, they do not appear to act via direct ac-
cumulation within the hematoma cavity. This
interpretation aligns with previous reports in-
dicating that endogenous mechanisms, such
as local hyperfibrinolysis, play a central role in
driving hematoma growth [9].

Clinically, the absence of local accumula-
tion of anticoagulant and antiplatelet agents
within hematoma tissue suggests that
emergency surgical interventions may be
safely performed in selected patients, pro-
vided that systemic hemostasis is carefully
evaluated. In clinical practice, such assess-

ment typically includes platelet count, coag-
ulation parameters (prothrombin time / in-
ternational normalized ratio and activated
partial thromboplastin time), identification
of the antithrombotic agent used, and con-
sideration of appropriate reversal strategies
when indicated. Nevertheless, larger cohorts
and well-designed prospective studies are
needed to confirm these findings and to fur-
ther clarify the role of antithrombotic agents
in the pathophysiology of CSDH.

Several methodological considerations
should be taken into account when inter-
preting the findings of this study. Because
the work was conducted in an emergency
setting, the exact timing of patients’ last an-
ticoagulant or antiplatelet doses could not
be reliably determined. This factor is partic-
ularly relevant for drugs with short half-lives,
as dose timing may influence the detecta-
bility of drug or metabolite levels within the
hematoma. In addition, due to the practical
limitations of obtaining extra blood samples
during urgent surgery, concurrent plasma
drug or metabolite concentrations could
not be measured. This limits the ability to di-
rectly correlate systemic exposure with local
intrahematomal levels.

Furthermore, the complex biological ma-
trix of hematoma tissue may reduce ana-
lytical detection sensitivity. Factors such as
high protein content, enzymatic degrada-
tion, and local fibrinolytic activity can affect
metabolite stability. Although all samples
were stored at —80 °C, degradation of cer-
tain antithrombotic metabolites during the
freeze—thaw process cannot be entirely ex-
cluded. Therefore, the absence of detectable
drug or metabolite levels in HPLC analysis
does not necessarily indicate true absence;
concentrations may simply fall below the
detection limits of the analytical method.

This study has several limitations. The rela-
tively small sample size and the single-center
design may limit the generalizability of the
findings. The exact timing of the patients’
last anticoagulant or antiplatelet doses could
not be reliably determined, although all pa-
tients were receiving active antithrombotic
therapy at the time of admission. This reflects
a limitation inherent to emergency clinical
practice rather than uncertainty regarding
ongoing antithrombotic therapy. In addition,
concurrent plasma drug or metabolite lev-
els were not obtained. Due to the complex
biological composition of hematoma mate-
rial, matrix validation for the HPLC method
could not be performed, and the possibil-
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ity of low-level metabolite degradation dur-
ing processing or storage cannot be entirely
ruled out. These methodological limitations
should be considered when interpreting the
absence of detectable drug or metabolite
levels within the hematoma.

In conclusion, this study demonstrated
that anticoagulant and antiplatelet agents
did not accumulate locally in CSDH material.
Their contribution to CSDH pathogenesis
appears to occur primarily through systemic
hemostatic alterations rather than local
pharmacological effects. These findings may
have important clinical implications, particu-
larly in guiding the safety of emergency sur-
gical interventions in patients receiving an-
tithrombotic therapy.
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