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ABSTRACT

BACKGROUND: Acute subdural hematoma (ASDH) is a critical and often fatal condition, particularly in elderly patients receiving
anticoagulant therapy. With a growing global aging population, the incidence of traumatic brain injuries, including ASDH, is projected to
rise, presenting significant challenges in clinical management. This study evaluates the outcomes of surgically treated ASDH in patients
aged 65 years and older, comparing those who received anticoagulant therapy with those who did not. It also aims to identify the main
risk factors for poor outcomes and explore preventive strategies in this vulnerable population.

METHODS: A retrospective analysis was conducted on 90 patients aged 65 years and older who underwent surgery for ASDH at
our institution between 2018 and 2023. Patients were categorized into two groups based on anticoagulant therapy use. Demographic
data, mechanisms of injury, clinical presentations, and outcomes, including mortality and reoperation rates, were analyzed. Radiological
assessments included hematoma thickness, midline shift, and the presence of residual hematoma.

RESULTS: No significant differences were observed in hematoma thickness, midline shift, or mortality between patients receiving
anticoagulant therapy and those not on anticoagulants. However, a significant association was found between anticoagulant use and
the mechanism of injury; patients on anticoagulants were more likely to sustain ASDH from low-energy trauma, such as a fall from
the same level (p=0.005). Despite the high mortality rates associated with ASDH in elderly patients, the multidisciplinary approach
employed, including the prompt reversal of coagulopathy, likely contributed to the observed outcomes.

CONCLUSION: Acute subdural hematoma in elderly patients, particularly those receiving anticoagulant therapy, remains a challeng-
ing problem with a high rate of poor outcomes. This study highlights the urgent need for preventive measures to mitigate the risks
associated with even minor trauma, especially in patients on anticoagulants. Our findings underscore the importance of appropriate
management protocols, including the timely reversal of coagulopathy, in improving survival rates within this high-risk population. Fur-
ther research is needed to develop and validate comprehensive preventive strategies and to investigate long-term outcomes in these
patients.
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INTRODUCTION ing this age group the fastest-growing segment of the global

population.l This demographic shift is associated with a rising
In 2019, it was estimated that one in eleven people (9%)

worldwide were over the age of 65, and by 2050, this propor-
tion is projected to increase to one in six people (16%), mak- childhood, adolescence, and older adulthood, with the high-

incidence of traumatic brain injury (TBI), which peaks during
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est rates observed in older adults.) As the elderly popula-
tion continues to grow, the incidence of TBI in this group is
expected to rise correspondingly. Acute subdural hematoma
(ASDH), identified on computed tomography (CT) as an ex-
traaxial hyperdense crescent-shaped lesion located between
the dura mater and brain parenchyma, is one of the most se-
vere and common forms of traumatic intracranial lesions in
the elderly.?4! Elderly individuals are particularly susceptible
to ASDH due to several factors, including falls, an increased
subdural space resulting from age-related brain atrophy, frag-
ile bridging veins, and pre-existing chronic medical conditions
such as kidney disease, diabetes, and heart disease.** The use
of anticoagulant medications, increasingly common with ad-
vancing age and the presence of comorbidities, significantly
elevates the risk of developing and expanding ASDH following
TBI, potentially leading to higher mortality rates and poorer
functional outcomes.!

Anticoagulant-associated traumatic ASDH in elderly patients
represents a devastating injury with high morbidity and mor-
tality. Despite the clinical challenge posed by this growing pa-
tient population, there is limited evidence to inform effective
management strategies. This study aims to quantify the mor-
tality rate associated with the surgical treatment of ASDH in
patients over 65 years of age on anticoagulants, compare it to
outcomes in patients not receiving anticoagulants, identify po-
tential risk factors for poor outcomes in this group, and assess
the preventability of these outcomes.

MATERIALS AND METHODS

Patient Population

Data from patients over 65 years of age who underwent sur-
gery for ASDH at our clinic between 2018 and 2023 were an-
alyzed retrospectively. Patients were divided into two groups:
those receiving anticoagulant therapy and those not on anti-
coagulant therapy. Patients under 65 years of age, those man-
aged non-surgically for ASDH, and those with intracranial
pathologies other than ASDH were excluded from the study.

A total of 90 patients met the inclusion criteria. Demographic
data (age and gender) and injury-related variables (mechanism
of trauma, initial Glasgow Coma Scale [GCS] score, pupillary
reaction, presence of seizures, reoperation rate, and mortal-
ity) were collected. The clinical severity of TBI was classified
using the GCS score as follows: mild TBI (GCS score |3-15),
moderate TBI (GCS score 9-12), and severe TBI (GCS score
3-8) 8.

The study protocol was approved by the Giilhane Training
and Research Hospital ethics committee (2024-169).
Radiological Evaluation

Preoperative and postoperative CT scans were used to evalu-
ate hemorrhage localization (right, left, or bilateral), intensity,
maximal hematoma thickness, midline shift, and the presence
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of residual hematoma. The thickness of initial and residual
hematomas was determined using axial sections. Computed
tomography scans were performed 3-4 weeks after the trau-
matic event and subsequently every month for surveillance
(Figures | and 2). Additionally, any new neurological symp-
toms prompted an immediate CT scan.

Anticoagulant Therapy

Elderly trauma patients often present with significant comor-
bid medical conditions and are frequently on medications that
can complicate both the injury and subsequent resuscitation
efforts. Anticoagulants are commonly used in this popula-
tion for various indications, including atrial fibrillation, cardiac
valve replacement, previous deep vein thrombosis or pulmo-
nary embolism, chronic heart failure, pacemaker placement,
coronary artery disease, and peripheral vascular disease.

The study population was divided into two groups: anticoagu-
lant drug users and non-users. Specific anticoagulant agents

Figure 1. Axial (a) and coronal (b) computed tomography (CT)
scans of an 80-year-old man on anticoagulant therapy for coro-
nary artery disease, with an international normalized ratio (INR)
within the normal range, who developed confusion after a same-
level fall at home. The scans show a left temporoparietal subdural
hematoma (SDH). Preoperative neurological examination revealed
a Glasgow Coma Scale (GCS) score of 6 and anisocoria in the
pupils. The patient underwent urgent surgery, and the SDH was
evacuated via open craniotomy. Postoperatively, the patient was
monitored under standard conditions in the intensive care unit for
the first two days and then transitioned to the inpatient clinic for
three days before being discharged home. Axial (c) and coronal
(d) CT scans performed four weeks after the traumatic event show
minimal subdural effusion and a reduction in brain compression.
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therapy, who developed confusion following a traffic accident, reveal a right frontoparie-
tal SDH. Preoperative neurological examination indicated a GCS score of 9. The patient
underwent an urgent surgery, and the SDH was evacuated via open craniotomy. Early
postoperative axial (b) and coronal (e) CT scans demonstrate regression of the midline
shift caused by the hematoma and pneumocephalus. Axial (¢) and coronal (f) CT scans
performed one week after the traumatic event show the resolution of the pneumocepha-
lus, and no reoperation or additional intervention was required as there was no evidence

of a compression effect.

and the medical indications for their use were recorded.
Blood tests, including the determination of International
Normalized Ratio (INR), were performed for all patients
upon hospital admission. Patients with INR values above
1.4 received prothrombin complex to reverse the effects of
warfarin. Prophylactic anticoagulation was initiated in non-
ambulatory patients 48 to 72 hours after the traumatic event,
provided the hemorrhagic findings remained stable on two
consecutive CT scans.

For patients without residual subdural hematoma (SDH),
warfarin was restarted with bridging using low-molecular-
weight heparin until a therapeutic INR level was achieved.
Patients with cardiac valve replacements were bridged using
intravenous unfractionated heparin instead. For patients with
residual SDH, intravenous unfractionated heparin was admin-
istered at a lower Partial Thromboplastin Time (PTT) target
without a bolus injection. A follow-up head CT scan was per-
formed 48 to 72 hours later to confirm the absence of new
hematoma. If no new hematoma was detected, the patient
was started on warfarin and transitioned to low-molecular-
weight heparin as bridging therapy, except for cardiac valve
replacement patients, who continued intravenous unfraction-
ated heparin while warfarin was introduced until a therapeu-
tic INR was achieved.

Surgical Procedure

Subdural hematoma was drained using either open craniot-
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omy or burr hole techniques in all cases. Postoperative CT
scans were performed in the early postoperative period to
evaluate possible residual hematomas in all cases. Patients
were monitored in the intensive care unit under standard
conditions for the first two days following surgery and were
then transferred to the inpatient clinic.

Statistical Analysis

IBM SPSS Statistics software version 29.0.2.0 (20) (IBM, SPSS,
Chicago, lllinois, USA) was used for statistical analysis of the
study data. The collected data are expressed as mean * stan-
dard deviation. The Shapiro-Wilk test was utilized to assess
the normality of parameter distribution. The Mann-Whitney
U test was applied to compare data without normal distribu-
tion between groups. Spearman’s rank correlation test was
employed to determine the direction and degree of relation-
ships between variables. All tests were two-sided, and a p
value of <0.05 was considered statistically significant.

RESULTS

A retrospective review identified 216 patients who under-
went surgery for "traumatic SDH" in our department during
the specified period. Of these, 126 patients were excluded
due to failure to meet age criteria, absence of acute SDH,
or insufficient data. A total of 90 patients met the inclusion
criteria, comprising 54 patients (60%) who were on antico-
agulants before the traumatic event and 36 patients (40%)
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Table I. Demographic and clinical characteristics of elderly patients with acute subdural hematoma

Age
Mean (SD): 74.600 + 7.658
Range: 66-92

Hematoma Location
Right: 45 (50%)
Left: 36 (40%)
Bilateral: 9 (10%)

Etiology

Fall from own height : 51 (56.7%)
Fall from height: 24 (26.7)

Motor vehicle accident: 9 (10%)
Pedestrians hit by car: 6 (6.7%)

GCS score

Severe 3-8: 39 (43.3%)
Moderate 9-12: 12 (14.4%)
Mild 13-15: 39 (43.3%)

Surgical technique
Burr-hole: 3 (3.3%)
Craniotomy: 57 (63.3)
Craniectomy: 30 (33.3)

Anticoagulant use
Yes: 54 (60%)
No: 36 (40%)

Sex
Female: 36 (40%)
Male: 54 (60%)

Hematoma
Thickness : 21.216 + 8.252
Midline shift: 10.266 + 8.037

Anticoagulant use
Yes: 54 (60%)
No: 36 (40%)

Pupil

Normal: 51 (56.7)
Anizocoria: 18 (20%)
Fix: 21 (23.3)

Reoperation
Yes: 12 (113.3%)
No: 78 ( 86.7)

Mortality
Alive: 21 (23.3%)
Ex: 69 (76.7%)

Table 2. Comparison of radiological parameters in elderly ASDH patients with and without anticoagulant therapy

Parameters Under anticoagulant therapy Not under anticoagulant P value
therapy
MeantSD Mean+SD
Age 76.083+7.868 72.37546.901 0.082
Hematoma thickness 20.027+7.012 23.000+9.713 0.250
Midline shift 10.500+7.835 9.916+8.489 0.650

Mann-Whitney U test, p<0.05

who were not. The demographic and clinical characteristics
of the patients are summarized in Table I.

Comparison between patients with and without anticoagu-
lant therapy revealed no significant differences in age, maxi-
mum thickness of SDH, or midline shift (p>0.005) (Table 2).

Spearman’s rank correlation test indicated no significant re-
lationship between anticoagulant therapy use and the occur-
rence of seizures, reoperation, or mortality. However, a sig-
nificant correlation was observed between anticoagulant use
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and etiology (p=0.005) (Table 3). The most common etiology
of ASDH in patients on anticoagulants was a fall from their
own height, while in patients not on anticoagulants, it was a
fall from a height.

DISCUSSION

The incidence of TBI in individuals aged 65 years and old-
er has noticeably increased in recent years.”’ Recent stud-
ies conducted among the working-age population in Finland
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Table 3. Outcomes and etiology of acute subdural hematoma: impact of anticoagulant therapy in elderly patients

Yes (n:54) No (n:36) P value
Seizure
Yes (n:15) 9 6
No (n:75) 45 30 1000
Reoperation 9
Yes (n:12) 3
No (n:78) 45 33 0361
Mortality
Alive (n:21) 9 (16.6%) 12 (33.3%) 0.139
Ex (n:69) 45 (83.4%) 24 (66.7%) ’
Etiology
Fall from own height : 51 o 12 (33.3%)
Fall from height: 24 39 (72.2%) 15 (41.7%)
. . 9 (16.7%) o
Motor vehicle accident: 9 6 (16.7%)
Pedestrians hit by car: 6 3 (5-6%) 3 (83%) 0.005*
i it by car: 3 (5.6%) .3%

Spearman’s rank correlation test.

highlight a changing epidemiology of TBI, showing an increase
in TBl-related hospitalizations in the 60-69 age group and
the lowest incidence in the 30-39 age group.l'” In the United
States, children aged 0-4 years, adolescents aged |5-19 years,
and adults aged 75 years and older are the most likely to have
TBl-related emergency department visits or hospitalizations.
Among all age groups, adults aged 65 years and older have the
highest rates of TBl-related hospitalization and mortality.!'"]

Acute subdural hematoma is the most common type of in-
jury in elderly patients admitted to the hospital following TBI.
Due to cerebral atrophy associated with aging, the blood ves-
sels between the brain and dura mater are stretched and are
more prone to rupture. Therefore, older individuals are at
a greater risk for developing subdural hematoma.l' Acute
subdural hematomas are highly lethal injuries across all age
groups. Historical reports from the pre-CT era cite mortality
rates of 65% to 90%. However, more recently, mortality rates
have decreased, likely due to advancements in the rapid diag-
nosis and treatment of patients with head injuries.['*!

The Surgical Management of Traumatic Brain Injury Author
Group recommends surgical evacuation for acute SDH with
a thickness greater than 10 mm or a midline shift exceeding
5 mm, regardless of the GCS score at presentation. Addition-
ally, in comatose patients (GCS score less than 9) with an
SDH less than 10 mm in thickness and a midline shift less than
5 mm, surgical evacuation of the lesion is advised if the GCS
score has decreased by 2 or more points between injury and
admission and/or the patient exhibits asymmetric or fixed
and dilated pupils and/or intracranial pressure (ICP) exceeds
20 mmHg.l'"1 In patients with acute SDH and indications for
surgery, surgical evacuation should be performed as soon as
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possible.['! We adhered to these criteria when making surgi-
cal decisions and operated promptly on patients for whom
surgery was indicated.

Mortality following acute subdural surgical evacuation in-
creases sharply with advanced age, with rates estimated to
reach as high as 90% in elderly patients with ASDH requir-
ing neurosurgical intervention.l'¢'”] In our study, the mortality
rate was 76.7%, consistent with the literature (Table 1).

Anticoagulants are commonly prescribed for elderly patients
with conditions such as mechanical heart valves or atrial fi-
brillation, which are associated with an elevated risk of falls
and TBI. While these medications are beneficial in preventing
thromboembolic events, they unfortunately complicate the
management of these patients.['®!”] Sreerama et al.?? high-
lighted that anticoagulant drug use plays a significant role in
the development of SDH and recommended that patients us-
ing anticoagulants, even after minor trauma, should be evalu-
ated for the potential of bleeding into the subdural space.
Hematoma enlargement is a well-known, life-threatening risk
factor in ASDH, and coagulopathy is one of the most critical
risk factors for ASDH enlargement.?'! The risk of SDH in-
creases 4-15 times in patients receiving oral anticoagulation,
as the hematoma can easily enlarge, thereby increasing the
risk of death and leading to worse outcomes.? Appropriate
reversal of coagulopathy is the cornerstone of medical man-
agement to improve outcomes in ASDH.?! In our study, no
significant differences were observed in hematoma thickness
(p=0.250) or midline shift (p=0.650) in ASDH patients over
65 years of age, regardless of anticoagulant therapy status
(Table 2). We believe this is because we administered pro-
thrombin complex to reverse the effects of warfarin in all
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patients with INR values above |.4.

While patients receiving anticoagulant therapy face an in-
creased risk of SDH development and enlargement, they
are also at a higher risk of rebleeding after intracranial he-
matoma drainage, which can result in fatal outcomes. Thus,
strict management of their overall condition is important.*
However, oral anticoagulant therapy may not increase the
risk of postoperative hematoma reaccumulation if patients
receive reversal agents or platelet transfusion.”! Our study
found no significant difference in reoperation rates or mor-
tality between patients on anticoagulant therapy and those
not on anticoagulant therapy (Table 3). This aligns with some
existing literature and highlights the importance of a multi-
disciplinary approach and timely reversal of coagulopathy
in improving outcomes for these patients. However, these
findings contrast with certain previous studies that reported
higher mortality rates in anticoagulated patients with trau-
matic brain injury. The discrepancy may be attributed to the
rigorous management protocols we employed, including the
prompt reversal of anticoagulant effects.

Woijcik et al.?] compared warfarin-treated patients with a
control cohort of patients who did not use anticoagulation
before injury and found no significant difference in mortal-
ity. Unfortunately, this study did not evaluate the degree of
anticoagulation as measured by blood product transfusions
and INR. In a retrospective cohort analysis by Rozzelle et
al,”" the mortality rate was 27.8% in patients with SDH who
underwent anticoagulation compared to 30% in those who
did not, with no significant difference. Karni et al.,”® Mina
et al,[? Lavoie et al.,?” Franko et al.,?'! Cohen et al.,*? and
Pieracci et al.’¥] found a direct positive correlation between
warfarin use before traumatic head injury and mortality
compared to control patients. In these studies, the absolute
difference in mortality rates between control and warfarin-
treated patients ranged from 19% to 30%. Although previous
studies have predominantly established a clear link between
anticoagulant use and an increased incidence of ASDH and
mortality, our results show no significant difference in criti-
cal radiological parameters such as haematoma thickness and
midline shift between patients with and without anticoagulant
therapy (Table 2). These findings suggest that appropriate re-
versal of coagulopathy may mitigate the adverse effects of
anticoagulant use in this population.

Falls are the most common mechanism of injury causing
ASDH, which aligns with our observations.I''! However, our
study highlights a significant difference in the mechanism of
injury between the anticoagulated and non-anticoagulated
groups (p=0.005). While a fall from the same level was the
most common cause of ASDH in anticoagulated patients, a
fall from a height was more common in non-anticoagulated
patients (p=0.005) (Table 3). This suggests that anticoagulant
use increases susceptibility to ASDH even with lower-energy
traumas. Although it is already known that even minor trau-
ma can lead to ASDH in elderly patients on anticoagulants,
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our study provides a focused analysis of patients requiring
surgical intervention, detailing mortality, reoperation rates,
and neurological outcomes. We believe it may be possible to
prevent the occurrence of ASDH with such high mortality
and morbidity, particularly by protecting elderly patients on
anticoagulants from trauma.

The results of our study have important clinical implications
for the management and prevention of ASDH in elderly pa-
tients on anticoagulants. The fact that even low-energy trauma
can result in significant neurological injury in this population
underscores the need for preventive strategies. Protecting
these at-risk patients from trauma is critical, and clinicians
should remain vigilant in assessing the potential for ASDH
even after minor injuries. Additionally, our findings suggest
that careful management of anticoagulation, including timely
reversal and multidisciplinary care, can mitigate some of the
risks associated with surgical intervention in these patients.

The limitations of this study include its retrospective nature
and the focus solely on patients requiring surgical interven-
tion. The single-center design may also limit the generaliz-
ability of the findings to other hospitals that do not have the
same resources and ancillary services available in a Level |
Tertiary Referral Center. The complexity of interdisciplinary
teams may not be replicable in smaller hospitals, and conse-
quently, the results of this study may not be universally ap-
plicable. However, it is important to note that the multidis-
ciplinary approach and protocols for reversing coagulopathy
likely contributed to the outcomes observed in our study.
Future research should include non-surgical cases and expand
to multiple centers to validate these findings.

CONCLUSION

Our study highlights the challenges associated with manag-
ing ASDH, particularly in elderly patients on anticoagulant
therapy. While mortality and reoperation rates did not differ
significantly between anticoagulated and non-anticoagulated
patients, the etiology of injury differed significantly, with mi-
nor falls causing serious consequences in anticoagulated pa-
tients. These findings demonstrate that even minor trauma
can result in life-threatening ASDH in this vulnerable popula-
tion, underscoring the importance of preventive measures.
Our study's comprehensive approach to managing anticoagu-
lated patients, including the prompt reversal of coagulopathy,
likely contributed to the observed outcomes and offers a
potential protocol to improve survival in this high-risk group.
Future research should aim to expand the patient population
to include non-surgical cases and validate these findings in
multiple centers.
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ORIJINAL CALISMA - 6Z

Yagli hastalarda akut subdural hematomun karmagikligini ¢6zmek: Antikoagiilan tedavinin
etkisi ve daha iyi sonuglarin pesinde

AMAC: Akut subdural hematom (ASDH), &zellikle antikoagiilan tedavi géren yasl hastalarda kritik ve siklikla 6liimcil bir durumdur. Yaslanan
kiresel nufusla birlikte, ASDH dahil olmak lzere travmatik beyin yaralanmalarinin gérilme sikliginin artmasi ve klinik yénetimde 6nemli bir zorluk
olusturmasi beklenmektedir. Cerrahi olarak tedavi edilen 65 yas Ustli ASDH hastalarinin sonuglarini degerlendirmeyi amaglayan bu galismada, anti-
koagtilan tedavi alanlar almayanlarla karsilastirilmistir. Ayrica, kotii sonuglar igin ana risk faktorlerinin belirlenmesi ve bu hassas poplilasyonda onleyici
stratejilerin potansiyelinin arastirilmasi amaglanmistir.

GEREC VE YONTEM: 2018-2023 yillari arasinda kurumumuzda ASDH nedeniyle ameliyat edilen 65 yas ve {izeri 90 hasta lizerinde retrospektif
bir analiz yapildi. Hastalar antikoagiilan tedavi kullanimina gore iki gruba ayrilmisti. Demografik veriler, yaralanma mekanizmalar, klinik tablolar ve
mortalite ve reoperasyon oranlari dahil olmak lizere sonuglar analiz edilmistir. Radyolojik degerlendirmeler hematom kalinligl, orta hat kaymasi ve
rezidiiel hematom varligini igeriyordu.

BULGULAR: Antikoagiilan kullanan ve kullanmayan hastalar arasinda hematom kalinligi, orta hat kaymasi veya mortalite agisindan anlamli bir fark
bulunmamistir. Bununla birlikte, antikoagtilan kullanimi ile yaralanma mekanizmasi arasinda anlamli bir iligki gézlenmistir; antikoagilan kullanan has-
talarda ayni seviyeden diisme gibi diisiik enerijili travma sonucu ASDH gelisme olasiligi daha yiiksektir (p=0.005). Yaslilarda ASDH ile iligkili yiiksek
mortalite oranina ragmen, koaglilopatinin derhal tersine ¢evrilmesini de iceren multidisipliner yaklasimimiz muhtemelen gézlemlenen sonuglara
katkida bulunmustur.

SONUC: Yasl hastalarda, ozellikle de antikoagtilan kullananlarda ASDH, yiiksek oranda koti sonuglara yol agan zorlu bir sorun olmaya devam et-
mektedir. Bu calisma, ozellikle antikoagiilan kullanan hastalarda kii¢lik travmalarla bile iligkili riskleri azaltmak igin dikkatli &nleyici tedbirlere duyulan
ihtiyacin altini gizmektedir. Bulgularimiz, koagtilopatinin zamaninda tersine gevrilmesi de dahil olmak lizere uygun yonetim protokollerinin bu yiiksek
riskli poptilasyonda sagkalimi iyilestirmek igin kritik 5neme sahip oldugunu géstermektedir. Kapsamli 6nleyici stratejiler gelistirmek ve dogrulamak
ve bu hastalarda uzun vadeli sonuglari arastirmak icin daha fazla arastirmaya ihtiyag vardir.

Anahtar sozclikler: Akut subdural hematom; antikoagiilan tedavi; geriatrik travma; travmatik beyin hasari; yasl hastalar.
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