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Abstract

Purpose of review Subdural hematomas (SDH) represent common neurosurgical problem
associated with significant morbidity, mortality, and high recurrence rates. SDH incidence
increases with age; numbers of patients affected by SDH continue to rise with our aging
population and increasing number of people taking antiplatelet agents or anticoagulation.
Medical and surgical SDH management remains a subject of investigation.
Recent findings Initial management of patients with concern for altered mental status with
or without trauma starts with Emergency Neurological Life Support (ENLS) guidelines, with
a focus on maintaining ICP G 22 mmHg, CPP 9 60 mmHg, MAP 80–110 mmHg, and PaO2 9
60 mmHg, followed by rapid sequence intubation if necessary, and expedited acquisition
of imaging to identify a space-occupying lesion. Patients are administered anti-seizure
medications, and their antiplatelet medications or anticoagulation may be reversed if
neurosurgical interventions are anticipated, or until hemorrhage is stabilized on imaging.
Summary Medical SDH care focuses on (a) management of intracranial hypertension; (b)
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maintenance of adequate cerebral perfusion; (c) seizure prevention and treatment; (d)
maintenance of normothermia, eucarbia, euglycemia, and euvolemia; and (e) early initi-
ation of enteral feeding, mobilization, and physical therapy. Post-operatively, SDH pa-
tients require ICU level care and are co-managed by neurointensivists with expertise in
treating increased intracranial pressure, seizures, and status epilepticus, as well as
medical complications of critical illness. Here, we review various aspects of medical
management with a brief overview of pertinent literature and clinical trials for patients
diagnosed with SDH.

Introduction

Subdural hematomas (SDH) are a frequently encoun-
tered neurosurgical problem with an increasing preva-
lence and incidence, especially among the elderly. Balser
et al. recently reported the overall incidence of 79.4/
100,000 person-years with age-standardized incidence
of 39.4/100,000 person-years [1, 2•, 3–5]. Chronic SDH
alone affect 8.2/100,000 people over 70 annually [6].
SDH are more common in men; one fifth occur bilater-
ally at presentation [5]. Incidence of SDH in infants and
toddlers is higher than in children or adults, amounting
to 20–40/100,000; over half of these are attributed to
nonaccidental trauma, while others result from birth
trauma, external hydrocephalus, hematologic disorders,
vascular malformations, genetic disorders or infection
[7–9]. SDH are associated with significant morbidity
and as high as 32% mortality, with recurrence rates
ranging anywhere from 1 to 33%;mortality rates as high
as 60–90% have been reported in patients with acute
traumatic SDH and GCS ≤ 8 [7, 10–13].

SDHs arise within inner dural cellular layer between
dura mater and the arachnoid, with subsequent devel-
opment of thin membranes along their inner border
[14], which may result in formation of multiple
septations containing varying ages of hemorrhage. This
can negatively affect treatment by precluding complete
evacuation and promote recurrence. SDH enlarge via
leaky endothelial gap junctions that allow blood extrav-
asation due to increased permeability along thick outer
SDH membrane, and repeated membrane micro-
hemorrhages from their fragile neovasculature [15–17].
Pathogenesis of SDH expansion has multiple proposed
mechanisms, which include: (a) recurrent hemorrhage
due to hyperfibrinolytic state associated with increased
fibrinogen levels triggered by tissue plasminogen activa-
tor and increased plasmin levels, which induce pro-

inflammatory kallikrein system, (b) SDH liquefaction
resulting in an osmotic gradient, which when coupled
with increased vascular permeability, may increase SDH
compartments; and (c) inflammation and neovascular-
ization, which promote new septations that stretch un-
der pressure exerted by increasing SDH content,
resulting in further micro-hemorrhages [15–17].

SDHs can be acute (≤ 3 days old), subacute (4 to
20 days) or chronic (≥ 20 days) based on age, and
traumatic or spontaneous based on etiology (Fig. 1).
They may be unilateral or bilateral, and are diagnosed
by computed tomography (CT) or magnetic resonance
imaging (MRI). Acute SDH arise from relatively low-
pressure venous bleeding due to damaged bridging
veins, which may be traumatic or spontaneous, and
may cease due to clotting or intracranial hypertension;
20–30%percent of SDH are attributed to arterial rupture
[18–20]. Prevalence of acute SDH in patients with trau-
matic brain injury (TBI) is 11–20%, though to result
from linear brain acceleration within the skull causing
stretch/torque injury to veins or arteries [21–23]. Half of
these patients present in a coma due to herniation,
especially common with posterior fossa hemorrhages;
those initially not comatose may undergo further neu-
rologic decline as a result of intracranial hypertension
due to compression, decreased perfusion, or ischemia
within 6 h after injury [24–26].

Conversely, spontaneous SDH are associated with
antiplatelet or anticoagulation use, hemorrhagic dural
lesions (e.g., metastases, meningiomas) [27, 28], intra-
cranial hypotension [29], ruptured aneurysms, dural
arteriovenous fistulas or malformations adherent to
the arachnoid with associated arterial bleeding [30,
31], and age- or alcohol-related brain atrophy which
places bridging veins under stretch. Pathophysiology of
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infantile SDH is not entirely understood; the role of
venous hypertension associated with fluctuations in ve-
nous pressure during head movement due to unfused
bony calvarium with resulting ischemia have been pro-
posed as a mechanism leading to endothelial injury
[32]. Unfortunately, many pediatric SDH result from
nonaccidental trauma, requiring comprehensive investi-
gation of a multi-disciplinary team; poor prognosis as-
sociated with nonaccidental TBI reflects the extent of
parenchymal injury and significant forces required to
sustain SDH [33]. Patients undergoing intracranial sur-
gery, e.g., decompressive hemicraniectomy for malig-
nant stroke or trauma, are at risk of developing symp-
tomatic subdural hygromas due to perturbations in CSF
flow dynamics, which often require treatment.

Initial management of SDH patients
Management of patients with acute or symptomatic
chronic SDH starts with Advanced Trauma Life Support
(ATLS) protocols instituted in the pre-hospital and emer-
gency department setting to maintain circulation, air-
way, and breathing. The Neuro-Critical Care Society de-
veloped Emergency Neurological Life Support (ENLS)
guidelines [34] to streamline resuscitation and early
physiologic management with recommendations that

should be individualized (Fig. 2). Recommendations
include MAP goals 80–110 mmHg with SBP goals of
100–180 mmHg to prevent excessive and continued
intracranial hemorrhage, whilemaintaining cerebral per-
fusion pressure (CPP) of 9 60 mmHg in adults and 40–
65 mmHg in children, although there is no class I evi-
dence to support these specific parameters [35–38, 39••,
40••] (Fig. 2). Brain oxygenation to PaO2 9 60mmHg is
of paramount importance, as hypoxia with PaO2 G
30 mmHg results in irreversible damage within 3 min,
with concomitant vasodilation and ICP elevation as a
result of hypercarbia due to inadequate ventilation;
however, hyperoxia (PaO2 9 300mmHg) can be equally
damaging with resulting cerebral ischemia due to vaso-
constriction [39••, 41]. Adequate oxygenation may re-
quire intubation when severe extracranial injuries are
present, or if the patient is agitated, intoxicated or has a
declining mental status. Intubation is best achieved with
pre-oxygenation to SpO2 ≥ 90%, followed by rapid se-
quence intubation with concomitant sedation and neu-
romuscular blockade to minimize the risk of aspiration
[39••, 42–45]. Induction with 0.3–0.4 mg/kg etomidate
(sedative, hypnotic), 1–2.5 mg/kg propofol (anesthetic,
hypnotic, sedative), or 1.5–2 mg/kg ketamine (dissocia-
tive, anesthetic) in combination with 2–3 μg/kg fentanyl
(analgesic) is frequently used in the trauma setting, with

Fig. 1. Types of subdural hematomas: a–h axial and coronal CT imaging of subdural hematomas including a, b right unilateral
chronic SDH; c, d bilateral chronic SDH; e, f left mixed SDH with septations; and g, h left acute SDH.
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1.5 mg/kg IV lidocaine administered to prevent airway
manipulation-associated increases in ICP [39••]. Neu-
romuscular blockade is achieved with 1.5–2mg/kg short
acting IV succinylcholine, or longer-acting non-
depolarizing agents, e.g., 1.2–1.4 mg/kg rocuronium or
0.15 mg/kg cisatracurium [39••]. Upon intubation,

sedation should be titrated to a RASS of 0 to 2 depending
on the clinical scenario (e.g., paroxysmal sympathetic
hyperactivity, ventilator dyssynchrony, intracranial hy-
pertension). Commonly used sedatives include
propofol, dexmedetomidine, or midazolam, while fen-
tanyl or remifentanil are used as analgesia adjuncts.

Fig. 2. Medical management of subdural hematomas.
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Imaging
Following resuscitation, patients with AMS require in-
tracranial imaging. Widely available rapid CT imaging
has over 96% sensitivity and 98% specificity, while MRI
is nearly 100% sensitive in patients with thin SDH along
falx or tentorium, and can identify underlying etiologies
(e.g., vascular or neoplastic). Intracranial imaging pro-
vides information regarding chronicity and size of hem-
orrhage, presence of midline shift, ventricular trapping,
and basal cistern effacement. Patients suspected to have
a vascular lesion may require CTA, MRA, or convention-
al digital subtraction angiography. Clinical deterioration
(e.g., decreasing level of arousal, sluggish or dilated
pupils, or extensor posturing) reflects intracranial hyper-
tension, for which emergent imaging and surgical inter-
vention could be life-saving.

Management of intracranial hypertension
Intracranial hypertension with increased intracranial
pressure (ICP ≥ 22) is associated with worse outcomes
and higher mortality rates in TBI patients; ICP values as
high as 40–85mmHg have been reported [46, 47]. Thus,
following a treatment algorithm to ensure timely initia-
tion of pressure lowering strategies, including surgical
decompression, is critical (Fig. 2). According to the
Monro-Kellie doctrine, fixed intracranial vault containing
brain parenchyma, blood, and cerebrospinal fluid must
accommodate any increase in volume through displace-
ment of one or more of the other components. SDH,
often with associated edema, functionsmechanically as a
space-occupying lesion that can exhaust the brain’s com-
pliance through autoregulatory failure, resulting in intra-
cranial hypertension. Simple initial measures for ICP
management include head-of-bed elevation to ≥ 90°
and loosening the cervical collar to prevent venous out-
flow obstruction [25]; these can be followed by short-
term hyperventilation to a PaCO2 of 28–30 mmHg to
decrease ICPs via vasoconstriction [48, 49].

Use of hypertonics (30–120 cm3 of 23.4% saline) or
hyperosmolar therapy (0.5–1.5 g/kg mannitol) which
result in osmotic gradients and promote fluid shifts
from intracellular and intercellular brain compartments
into circulation may be counterproductive, and are used
only as a temporizing measure until emergent surgical
interventions can be implemented. EVD placement is
not recommended, as CSF drainage may increase stretch
on the draining veins. Long-term use of hyperventilation
may not be beneficial due to resulting respiratory alka-
losis and secondary ischemia, yet it remains an appro-
priate adjunct in an acutely deteriorating patient on the

way to the operating room. In a recent RCT evaluating
the utility of maintaining PaCO2 goals of 25 mmHg for
5 days in patients with TBI, hyperventilation correlated
with worse clinical outcomes [50]; however, it may be
successfully used to treat reactive post-operative hyper-
emia resulting from ICP elevation [51].

Likewise, while Na levels of 9 165 mEq/L have been
associated with poor outcomes, there is no data
supporting specific sodium levels or osmolality to cor-
relate with effectiveness of medical ICP management.
Choices between hypertonic vs hyperosmolar therapy
are made depending on volume status, blood pressure,
or medical history (e.g., congestive heart failure, renal
failure), making hypertonic therapy the preferred option
in hypotensive patients with low volume status, while
mannitol is preferred in patients with congestive heart
failure. Several institutions across the country are partic-
ipating in HOPES trial, an RCT investigating the effects
of hypothermia to 33 °C on TBI patients with acute
surgical SDH, that may have a positive effect by decreas-
ing ICPs through reduction in cerebral blood flow and
improve cerebral edema via decreasing metabolic de-
mands [52••]. Recently completed RCT EuroTherm re-
ported a reduction in the number of emergent decom-
pressive hemicraniectomies and necessity for barbiturate
coma for ICP control, but suggested that cooling TBI
patients to 32–34 °C may result in more complications,
including infections and arrhythmias [52••, 53].

Anti-seizure drugs
Administration of prophylactic anti-seizure drugs
(ASDs) remains controversial. Some literature reports
that 25% of traumatic SDH patients and 11–19% of
chronic SDH patients develop seizures either at presen-
tation or immediately post-operatively, especially with
SDH involving the tentorium, temporal lobe, or other
highly epileptogenic areas [54, 55] (Fig. 2). The Guide-
lines for the Management of Severe TBI provide level IIA
recommendations for phenytoin use to decrease the
incidence of early post-traumatic seizures [56•]; seizures
can result in increased ICPs and high tissue metabolic
demands [57, 58]. Other studies reportmuch lower rates
of seizures of 2% [59, 60]. In a retrospective review of
129 patients, 73 of which received prophylactic phenyt-
oin, 2 patients in the no-ASD group developed post-
operative seizures, both thought to be related to surgical
technique [59]. Phenytoin administration reduced sei-
zure incidence from 14 to 4% according to an RCT
comparing phenytoin vs levetiracetam, suggesting simi-
lar efficacy [57]. Several observational studies show a
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more dramatic reduction in seizure incidence from 32 to
2.4% in 98 patients treated with phenytoin [55]. While
phenytoin/fosphenytoin were the agents of choice due
to convenient route of administration and benign side
effect profile, levetiracetam is becoming the ASD of
choice with similar effectiveness. Valproate may benefit
patients with behavioral issues or psychiatric history [61,
62]. A prospective study of surface and depth EEG in
conjunction with microdialysis in 34 patients with se-
vere TBI, all requiring emergent surgical interventions,
reported 61% seizures or pseudoperiodic discharges,
42.9% of which were detected on depth EEG, with
resulting metabolic crisis as evident from the elevated
microdialysis lactate to pyruvate ratios when prolonged
[63]. A new internationalmulticenter translational study
termed EpiBioS4Rx (The Epilepsy Bioinformatics Study
for Antiepileptogenic Therapy) is underway, aimed to
understand epileptogenesis in TBI and identify bio-
markers of epileptogenesis in animal models and pa-
tients [64].

There is little data to support prophylactic ASD use in
the elderly or chronic SDH patients. Retrospective anal-
ysis of 218 chronic SDH patients undergoing burr hole
SDH evacuation reported 13.7% seizure incidence in
mixed density chronic SDH group, as compared to
2.4% isodense chronic SDH group, suggesting the cor-
relation between imaging characteristics and seizure risk
[65].Won et al. proposedGATE-24 scoring systembased
on 24-h post-operative GCS, anticoagulation use, time
to OR, and need for prior ASDs, to help assess seizure
risk [66]. Patients with acute SDH with GCS 14-15 not
on anticoagulation and taken to the OR within 24 h do
not require ASDs [66]. A retrospective cohort study of 88
chronic SDH patients undergoing burr hole evacuation,
71% (60/88) of which received ASDs, reported 12.5%
incidence of seizures in 11/88 patients, with pre-
operative ASD administration being a single predictor
of post-operative seizures, suggestive that timing of ASD
administration may play a role [67]. However, the exact
duration of ASD prophylaxis remains unclear. In pa-
tients with no documented post-TBI seizures, ASDs are
stopped prior to hospital discharge or weaned as an
outpatient. While ASDs are indicated in patients with
seizures and low seizure threshold, e.g., alcohol or TBI
affecting highly epileptogenic brain areas, ASD use has
been associated with increased fall risk in patients 9
65 years of age and should be used judiciously and
dosed appropriately for patient comorbidities, e.g., renal
disease [68]. Continuous or spot EEG may be beneficial
in these settings to assess need for ASD use.

Anticoagulation/antiplatelet use
The incidence of spontaneous acute SDH has been
steadily growing in our aging population, who are at a
higher risk of developing SDH due to medical comor-
bidities that require oral anticoagulant (AC) or anti-
platelet agents, many of which cannot be easily reversed
[69, 70, 71•] (Fig. 2). Timely AC reversal is the corner-
stone of acute medical management in patients with
acute SDH to prevent hematoma expansion and poor
functional outcomes [70, 71•]. Patients taking
coumadin or other vitamin K antagonists (VKA) should
receive 10 mg vitamin K, followed by four-factor pro-
thrombin complex concentrate (PCC) at 25–50 u/kg
depending on patient’s INR, with recombinant factor
VIIa available for emergency reversal of warfarin in the
setting of acute SDH [72–75]. Reversal of direct throm-
bin inhibitors (DTIs, e.g., dabigatran) or factor Xa inhib-
itors (e.g., apixaban, rivaroxaban, edoxaban) in patients
with acute SDH remain problematic; FDA approved
monoclonal antibody agent idarucizumab (Praxbind)
for DTIs (phase III trial RE-VERSE AD), andexanet alfa
for fXa inhibitors rivaroxaban/apixaban, and PER977
for edoxaban (phase II trial, awaiting FDA approval)
are under investigation; dialysis or plasmapheresis re-
main other available options [71•,76–79].

PATCH trial compared standard of care with platelet
transfusion in acute SDH patients on antiplatelet agents
and showed worse outcomes and increased risk of death
in patients who received platelet transfusions. Current
recommendations suggest avoiding platelet transfusion,
unless the patient requires neurosurgical interventions
or is thrombocytopenic (defined as G 75,000 platelet
count) [71•, 80]. Additional 0.4 μg/kg ddAVP may be
administered to patients with acute SDH [81]. Nearly
one third of severe TBI patients (GCS = G 8) manifest
profound coagulopathy in the setting of a presumed
massive systemic release of tissue factor and phospho-
lipids. This causes consumptive coagulopathy referred to
as disseminated intravascular coagulation (DIC), which
can be abated by transfusion of coagulation factors and
cryoprecipitate (including fibrinogen) with plasma or
PCC [82, 83].

A recent retrospective study of 116 acute SDH pa-
tients by Won et al. reported 65% of patients taking AC
(54.1% VKA, 37.8% thrombocyte inhibitors, 8.1% di-
rect oral anticoagulants), associated with older age, 9 4
comorbidities (atrial fibrillation, hypertension, diabe-
tes), higher likelihood of remaining comatose 24 h
post-operatively, and poorer functional outcomes [66].
In this study, patients taking thrombocyte inhibitors
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were given 0.4 μg/kg ddAVP, 1–2 g tranexamic acid, 2u
platelets pre-operatively, while other patients received
50 IU/kg PCC and 10 mg vitamin K. Patients on DTIs
had the highest degree of midline shift (mean
11.4 mm), while patients on thrombocyte inhibitors
had highest SDH recurrence (39.2%). While periopera-
tive mortality was highest in patients on DTIs (OR 3.3),
patients on VKAs had the highest 6-month mortality
rates (OR 2.7) [66].

AC resumption remains an unaddressed issue. Ret-
rospective studies suggest that rates of thrombotic com-
plications are similar for patients who are not restarted
on AC post-operatively as compared to those who do
not take AC at baseline [84–89]. Kawamata et al. report-
ed that in 27 patients with intracranial hemorrhage (11/
27 chronic, 3/27 acute SDH) associated with coumadin
use, no SDH recurrence was reported after starting AC
3 days post-operatively [85]. Other studies reported no
change in morbidity and recurrence in patients that
underwent pre-operative AC reversal [86]. Based on rec-
ommendations from American College of Chest Physi-
cians for high- and low-risk patients, sequential com-
pression devices and low-dose unfractionated heparin
(HSQ) should be initiated within 12–24 h post-
operatively; however, resumption of full dose AC for
high-risk patients needs to be addressed on an individ-
ual basis, accounting for the degree of hemostasis
achieved intra-operatively and risk of SDH recurrence
[87]. Similarly, patients on antiplatelet agents did not
differ in outcomes if reversed with platelets/ddAVP pre-
operatively and antiplatelet agent restarted 1 week post-
operatively [88].

General ICU care
Patients are started on subcutaneous heparin (HSQ)
prophylaxis after SDH stability has been established on
serial imaging, preferably within 72 h (Fig. 2). Normo-
thermia is achieved with Tylenol for fever control
(NSAIDs avoided due to their inhibitory effects on plate-
let cyclooxygenase and impaired platelet aggregation)
and a surface-counterwarming blanket, as needed. Glu-
cose levels are maintained within 120–180 range. Pa-
tients are kept euvolemic with isotonic fluids to avoid
fluid shifts, which could exacerbate cerebral edema and
raise ICP. Patients are started on enteral feeds via naso-
gastric tube, or if able taking PO, within 24-48 h. Proton
pump inhibitors or H2 receptor blockers are used to
avoid stress ulcer formation and GI bleeding in high-
risk ICU patients (e.g., intubated, unfed, taking AC/
steroids).

Recent clinical trials address contributions of var-
ious non-surgical factors on functional outcomes in
SDH patients, including SDH recurrence, or even
preventing the need for surgical interventions alto-
gether. Dexamethasone was proposed as an adjunct
to help reduce SDH recurrence or avoid surgical
interventions [90–92]. Pilot RCT investigated
12 mg/day dexamethasone administration for
3 weeks (followed by a taper) and showed no ben-
efit [93, 94], with patients developing side effects of
chronic steroid use. Double blind RCT DRESH of
820 patients undergoing surgical interventions for
chronic SDH is underway to help determine the
utility of 4–16 mg/day dexamethasone use 48 h
post-operatively to help reduce chronic SDH recur-
rence [93, 94]. SDH recurrence has been associated
with pneumocephalus and increased serum levels of
IL-6, IL-8, fibrinogen, and D-dimer [95]. Park et al.
analyzed fibrinogen (key in fibrin clot formation)
and D-dimer (cross-linked fibrin degradation prod-
uct with anti-thrombin effects inhibiting fibrin po-
lymerization) levels in 31 chronic SDH patients
undergoing burr hole evacuation with drain place-
ment, and implicated their elevated levels with evo-
lution of mixed density SDH, suggesting that
targeting this pathway may be beneficial [96].

Other studies investigated the association be-
tween SDH biology and inflammatory state.
COXIBRAIN is a prospective randomized phase II/
III study of chronic SDH patients designed to ad-
dress the utility of Cox-2 inhibitors to reduce SDH
recurrence by inhibiting VEGF-mediated neovascu-
larization of SDH membranes, in which elevated
VEGF levels are thought to depend on Cox-2-
mediated eicosanoid, prostaglandin and thrombox-
ane synthesis. This study was terminated premature-
ly due to (a) prior Cox-2 inhibitor use for rheumat-
ic disease in 55% of patients, who developed chron-
ic SDH, and (b) strict contraindications for Cox-2
inhibitor use in 66.6% patients (only 9.3% of
chronic SDH patients eligible for the study) [97].
An ongoing TRACS trial, a multicenter double blind
RCT, is investigating the use of 750 mg tranexamic
acid (TXA) for a maximum of 20 weeks in chronic
SDH patients to assess chronic SDH resolution
without surgical procedures [98]. TXA may inhibit
fibrinolysis and SDH-associated inflammatory re-
sponse possibly by binding plasminogen, with
resulting decrease in plasmin levels and reduced
activation of the pro-inflammatory kallikrein system
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[99]. Multicenter double blind RCT titled ATOCH is
investigating the utility of 20 mg nightly atorvastatin

for 8 weeks in chronic SDH patients due to its proposed
anti-inflammatory effects [100].

Conclusions

Subdural hematomas remain a common neurosurgical problem requiring
specialized aspects of neuro-critical care tailored to the patient population
affected by this disease. While medical management of patients with subdural
hematomas has been outlined in broad strokes over the years, multiple vari-
ables in neuro-critical care remain under investigation, with newer research
studies focusing on implementation of targeted medical therapies based on
the understanding of underlying disease processes. Patients with subdural
hematomas are served best by specialized multi-disciplinary management with
a focus on individualized decision-making, with appropriate pre-operative and
post-operative medical management.
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