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Due to advancements in medical technology, better access to
health care, and improved living conditions, the geriatric popu-
lation in the United States is rapidly expanding. This dramatic
increase in the number of older persons will put a much larger
population at risk for injury. Improving outcomes in this fragile
population requires the need for a better understanding in the
diagnosis, treatment, and man-
agement of geriatric injuries.
Elderly trauma patients have an
increased mortality rate and
worse outcomes despite similar
or less injury severity than
nonelders.1,2 The explanation for
this difference lies in those fac-
tors unique to the older patient.
Diminished physiologic reserve
associated with aging, atypical
clinical presentations, and
comorbidities contribute to
worse trauma outcomes in this
age group. Important comorbidi-
ties include preexisting central
nervous system (CNS) disease
and other concurrent medical ill-
nesses such as cardiovascular disease, lung disease, and coagu-
lopathy. Geriatric trauma, though not completely distinct from
nongeriatric trauma, does require an expanded fund of knowl-
edge and specialized skills. 

Head trauma is a significant contributor to poor outcomes in
the elderly. As a cause of trauma-related deaths, it is second
only to shock. Several differences exist when head injuries are
compared in elder and nonelder populations. These include
mechanism of injury, clinical presentation, operative interven-
tion, and radiographic findings on neuroimaging. The sex ratio
of head injuries in the elderly is approximately 1:1, whereas in
nonelder head-injured patients there is a much higher incidence
with males. The most common mechanism of injury in the elder-

ly is falls, compared with motor vehicle crashes (MVC) in the
younger population. 3-6 Alcohol is involved less frequently in
older injured patients. The elderly have a higher rate of positive
computerized tomography (CT) scans and an increased need
for neurosurgical intervention. Clinical presentations also dif-
fer, with 12% of older patients having a normal neurological

examination and a positive CT
scan, compared with 7% in the
younger age group.3 Overall,
elderly patients have worse
outcomes, with increased hos-
pital admissions, worse func-
tional outcomes, and increased
injury-related deaths.7,8 Elderly
patients with head injuries and
Glasgow Coma Scale (GCS)
score less than 8 have greater
than 80% mortality rate.9

With this background in
mind, this issue will focus on
subdural hematomas, the most
common, significant intracra-
nial injury in elders. Etiologies,
diagnosis, and management of

acute and chronic subdural hematomas will be discussed. In
addition, atypical clinical presentations and CT findings will be
emphasized. 

— The Editor

Definition
A subdural hematoma (SDH) refers to a collection of blood

between the dura and the brain. SDHs are three times more fre-
quent in the elderly population.10 Most result from bleeding origi-
nating from bridging veins, which are prone to injury following
acceleration/deceleration movement of the brain. Prognosis
depends on several factors: the degree of underlying brain injury;
the size and pressure of the expanding hematoma; and the
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sis. CT scan demonstrates a hypodense or isodense (when com-
pared to brain parenychma) fluid collection.

Chronic subdurals generally become symptomatic more than
two weeks after the initial injury. The signs and symptoms may be
nonspecific, such as mild mental status changes and difficulty walk-
ing, or more dramatic, such as focal weakness, hemiparesis, and
altered level of consciousness. Chronic subdurals occur in older
individuals, are often associated with trivial trauma, and are seldom
associated with injury to underlying brain. One study  found that the
majority of chronic subdurals occurred in patients older than 50
years of age and none had associated focal brain injuries.11

After review of the literature, one study defined chronic SDH
by the following criteria: hematomas resulting in urgent neuro-
logic deficits 20 days after trauma, or if no trauma has taken
place, hematomas that have existed for at least three weeks;
hematomas not accompanied by evidence of fresh cerebral
injury or cerebral injury that has failed to heal; or hematomas
with pronounced, neomembranous organization.12

A subdural hygroma, also referred to as a traumatic subdural
effusion, is a collection of blood-tinged fluid in the subdural space.
Absolute distinction between chronic SDHs and subdural hygro-
mas is not always possible because the subdural fluid is often a
mixture of CSF and blood. Evidence exists to indicate that subdur-
al hygromas may become chronic SDHs.13-15 The mechanism of
formation is not entirely understood. They may result from tears in
the subarachnoid space that permit CSF to escape into the subdural
space, or from effusions from injured vessels with abnormal per-
meability. The most common signs and symptoms are headache,
nausea, and vomiting; decreased level of consciousness; and focal
deficits. CT scan demonstrates a crescent-shaped collection that
has the same density as CSF. Subdural hygromas are usually asso-
ciated with minor or trivial trauma. They occur more frequently in
older patients, with the majority of patients in their sixth decade.16

Epidemiology
Accurate incidences of acute and chronic SDHs are difficult to

assess. The number of elders is rapidly increasing, placing more
patients at risk for these injuries. A recent epidemiologic study
found that fall-induced severe head injuries in elders was increas-
ing at a rate that was not due simply to demographic changes.17 In
addition, reported incidences of small acute and chronic SDH have
clearly increased secondary to widespread use of CT scanning.

One prospective U.S. population-based study found the aver-
age annual incidence of clinically important SDH to be 46.7 per
100,000. Using the 65-74 year old group as a reference, the rela-
tive risk for SDH was five times higher in 75- to 84-year-olds
and 13 times greater in those older than 85.18

A retrospective study covering a seven-year period found the
overall incidence of chronic SDHs was 1.72 cases/100,000 pop-
ulation/year. The study also reported that the incidence was
greatly influenced by increasing age. In patients aged 60 to 69
years, the incidence rose to 8.4 cases/100,000 population/year,
and the incidence further doubled for populations older than 70
years of age.19 Kudo et al assessed the epidemiological trends on
Awaji Island in 1992 and found the overall incidence of chronic
subdural was 13.1 (per 100,000 population/year); the incidence
was 17 times greater in people 65 years or older (58.1 compared
to 3.4 in younger persons). If these numbers were extrapolated
to all of Japan by the year 2020, the incidence would increase to
16.3/100,000 population/year.20

patient’s age. Prognosis is especially poor in the elderly.
SDHs are commonly classified into three types, depending

on the time of symptom onset following the initial injury.
Although these time frames are somewhat arbitrary, the signifi-
cant differences in CT findings, treatment, and outcome make
this classification useful. 

Acute subdurals are symptomatic within 24 hours after injury.
Usually there is an associated decreased level of consciousness on
presentation. CT scan demonstrates a hyperdense, crescent-shaped
collection between the calvarium and the cortex. Acute subdurals
are more common in younger patients and tend to be associated
with major trauma.11 Approximately one-third of acute subdurals
have other associated focal brain injuries. They may occur in
association with cortical contusions, subarachnoid hemorrhages,
and diffuse axonal injury.11 Morbidity and mortality are much
higher when compared to chronic SDHs. 

Subacute SDHs are symptomatic between 24 hours and two
weeks after the injury. Presentations include complaints of
headache, altered mental status, motor weakness, or hemipare-
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edema, which predisposes to secondary ischemic brain damage.39

The mechanism responsible for the development of subdural
hemorrhage is a traumatic acceleration/deceleration of the head.
This results in differential movement of the brain relative to the
skull and in tearing or stretching of cortical bridging veins.40 The
elderly are predisposed to bleeding via this mechanism because of
generalized cerebral atrophy and an increase in venous fragility.
Cortical bridging veins are short, straight trunks that pass directly
from the dura to the brain. These bridging veins are placed under
stress as the atrophying brain separates from the dura. Since these
thin, fragile veins are firmly adherent to both the dura and the
mobile cerebral hemisphere, they are intolerant of significant
movement and bleed easily when injured.41 Acute subdurals also
may develop from chronic SDHs as a result of recurrent trauma or
following surgical evacuation of a chronic subdural hemtoma.42

In contrast, the pathophysiology of chronic SDHs is complex
and involves slow evolution and development of the hematoma
over a prolonged time period.35 The unique pathophysiology
characterizing chronic SDHs was initially described using light
microscopy more than half a century ago.43 On the first day, the
outer surface of the developing hematoma is covered with a thin
layer of fibrin and fibroblasts begin to migrate from the under-
surface of the dura toward the clot. On day four, a membrane
forms on the outer surface of the clot and subsequently enlarges.
After approximately two weeks, there exists a thin inner mem-
brane covering the liquefied hematoma. Some subdurals will
reabsorb spontaneously, while others will create a chronic SDH
by gradual increase in the volume of the encapsulated fluid.

Two theories have been proposed to explain the growth of
chronic SDHs. Gardner postulated that partial clot liquefaction
increased the protein content within the encapsulated space and
thus increased the oncotic pressure within the chronic subdural.
The resulting osmotic gradient then caused SDH enlargement.44

Flaws with Gardner’s hypothesis include a normal oncotic pres-
sure following breakdown of red blood cells and identical osmo-
lality of surgically removed SDH, venous blood, and CSF.45,46

The second hypothesis suggests that recurrent bleedings
account for the expansion of chronic SDHs.24,47 Ito et al adminis-
tered Cr51-labeled red blood cells intravenously 6-24 hours prior
to the evacuation of SDHs and found up to a 28% concentration
of fresh blood within the subdural.48 The recurrent hemorrhage
appears to originate from dilated, abnormal vessels contained in
the outer membrane of the hematoma.49 Angiogenesis factor,
found in increased quantities in chronic SDH, contributes to the
development of the increased vascularity of the outer membrane.
A coagulopathic environment exists within chronic SDHs, and
abnormal levels of fibrinolytic enzymes and increased fibrinolyt-
ic activity increase the likelihood of hemorrhage.50-52

Another mechanism to explain the development of a chronic
SDH is transformation of a subdural hygroma into chronic SDH. In
one study, this was a common occurrence, with one-fourth of
patients with traumatic subdural effusion developing a chronic
SDH.16 This may occur as a result of new head trauma, which caus-
es a tear in the bridging veins within or external to the subdural fluid
collection. However, most patients with such a transformation deny
any recent head trauma.15,40 Another plausible mechanism involves
multiple, recurrent microhemorrhages occurring from the subdural
hygroma membrane.15 It is hypothesized that brain atrophy may
predispose patients to this transformation; however, it has been
observed in patients as young as 18 years of age.13,15

Falls remain the most significant mechanism of injury in this
group. An increasing number and incidence of fall-induced
severe head injuries exists in the geriatric population.17 One
study found that 59% of their elderly population who required
CT scans for evaluation of closed head trauma sustained their
trauma from falls.21 The study found MVCs responsible for
closed head injuries in the elderly in only 20% of the population
studied. Other investigators have found similar results.22,23 How-
ever, the increasing number of older drivers may have a signifi-
cant effect on both the prevalence of older patients involved in
MVCs and the incidence of head injuries and SDH.

Etiology
Common predisposing conditions for the development of

SDHs include coagulopathy, vascular malformations, renal dialy-
sis, CSF shunts, and head trauma. Head trauma is the most fre-
quent causative factor leading to the development of SDHs.
Although direct trauma to the dura, brain, or skull or a pre-exist-
ing arachnoid cyst can lead to the formation of a SDH, the most
common mechanism is traumatic acceleration/deceleration injury. 

The trauma required to produce a chronic SDH is often mild
and is usually not accompanied by period of unconscious-
ness.19,24-26 The interval from time of trauma to presentation is
variable, ranging from three weeks to 12 years.24,26 However, a
history of trauma often is not elicited from the patient or the
patient’s family. In multiple studies, a history of trauma was
documented in only 55-65% of patients with chronic SDHs.27,28

This is in contrast to acute SDHs in which the trauma
required to produce an acute subdural is usually severe. Most
patients present within hours of the initial injury. 

Anticoagulation plays a significant role in the predisposition
for SDH. In one review of 116 anticoagulant-related intracranial
hemorrhages, approximately 40% were chronic subdurals and
nearly 80% of patients were older than 80 years of age.29 Since
warfarin use has increased steadily during the last decade, con-
sideration of anticoagulant-related SDH in the elderly becomes
even more important.30 The risk of SDH also is increased with
other bleeding diatheses such as hemophilia, thrombocytopenia,
and hepatogenic coagulopathies.24

Uncommon etiologies for subdural bleeding other than trauma
include rupture of a cerebral aneurysm or arteriovenous malfor-
mation (AVM), brain tumors, meningeal carcinomatosis, and sar-
coidosis.31-34 A rare cause of chronic SDHs is local infection.35

Other at-risk populations include renal dialysis patients and alco-
holics. Renal dialysis patients’ predisposition stems from platelet
dysfunction, anticoagulation, and intracranial hypotension.36 Alco-
holic patients are predisposed to the development of SDHs because
of frequent trauma (such as falls), cerebral atrophy, and coagu-
lopathies associated with cirrhosis. Alcohol abusers have a signifi-
cantly higher incidence of acute SDH and have increased postoper-
ative morbidity and mortality compared to non-alcoholics.37

Pathophysiology 
Acute SDHs usually occur when the brain is subjected to a high-

energy, short-duration force from trauma.38 This mechanism pro-
duces shearing forces that not only tear the bridging veins and result
in an acute SDH, but also often produce frontal and temporal cere-
bral contusions. Shear forces also damage the cerebral vasculature
and disturb cerebral autoregulation.38 Cerebral vascular damage
may be responsible for the high incidence of associated cerebral
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The pathogenesis of subdural hygromas is still unknown but is
believed to involve minor trauma that results in the separation of
the dura-arachnoid interface, producing a potential subdural space.
Proliferation of the dural border cell layer results in a neomem-
brane with hyper-permeable capillaries.53,54 A subsequent efflux of
CSF or leakage of serous fluid into the subdural space occurs, cre-
ating the subdural hygroma.54,55 Repeated microhemorrhages in
the subdural hygroma may occur from either bridging vein trauma
or bleeding from the neomembranes, resulting in a chronic SDH.

Clinical Presentations and Differential Diagnosis 
SDH has been referred to as the “great neurologic imitator.”56,57

SDHs can mimic stroke, dementia, and other neurological diseases
such as Parkinson’s. Symptoms may be insidious and nonspecific,
and a history of head trauma is often lacking. Subtle presentations
include mild headache, subtle mental status change, and gait distur-
bances. SDH must be considered in any older person with an alter-
ation in mental status, especially in those prone to falls or on anti-
coagulants. Acute changes in a patient’s activities of daily living
(ADLs: bathing, dressing, continence, toileting, feeding, and trans-
fers) may be indicative of an acute medical event such as a SDH.

Acute SDHs often present with a clear history of trauma fol-
lowed by headache and altered level of consciousness. Evidence
of direct head trauma such as cephalohematomas or scalp lacera-
tions, however, may be mild or absent. Patients commonly present
with a lucid interval and then acutely deteriorate. Acute SDH
were present in 17-38% of cases involving “talk and die”
patients.58,59 Focal neurological deficits and new gait disturbances
may occur. Signs of increased intracranial pressure (ICP) may be
noted, but are less likely to be present initially in the elderly
because of preexisting brain atrophy. Pupillary changes and pos-
turing are ominous signs. It should be reemphasized that the pre-
cipitating trauma, such as a fall from a standing height, may be
mild. Patients with subacute SDH often complain of worsening
headaches 7-14 days after trauma.60 There may be evidence of old
injuries including healing lacerations or abrasions.

The presenting symptoms of chronic SDH are highly vari-
able. Symptoms may occur acutely and suggest other cere-
brovascular events. The difficulty in diagnosis is compounded in
patients with multiple comorbid conditions and in those who are
unable to give a detailed history. The most common presenting
symptoms are headache, mental status changes, and hemipare-
sis.25,27,61 Headache is the presenting complaint in 30-90% of
patients.19,28,57,62 The description of the headache ranges from
mild and generalized to severe with sudden onset. Headache
severity may increase with coughing, straining, and exercise.
Nausea and vomiting may occur. Mental status changes can pre-
sent as dementia, mild confusion, and various levels of
decreased consciousness, including obtundation.19,57,62

A recent retrospective analysis found the three most common
presentations of chronic subdurals to be symptoms of increased
ICP, fluctuating drowsiness, and progressive dementia.26

Presenting complaints may mimic stroke or transient ischemic
attacks (TIA). Symptoms vary and include aphasia, hemiparesis,
and hemisensory defects.63-66 Possible mechanisms to explain
this presentation include decreased regional blood flow from
intermittent vessel compression, vascular displacement from
parenchymal swelling, and electrophysiologic aberrations such as
seizures or cortical depression.63,65,67 Given that the elderly popu-
lation has higher rates of atherosclerotic disease, focal deficits

resulting from decreased cerebral blood flow are more likely.
One study hypothesized that these events are temporally associat-
ed with repeated episodes of bleeding into the hematoma.65

Patients with chronic SDHs may present with psychiatric
symptoms of depression, paranoia, schizophreniform psychosis,
manic-depressive psychosis, catatonia, and vague personality
and intellectual changes.35,68,69 Although geriatric depression is
becoming increasingly recognized, other acute or new-onset psy-
chiatric illnesses are uncommon in this age group, and organic
etiologies such as SDH should be sought.

Chronic SDHs also may mimic Parkinson’s disease in their
presentation or cause an exacerbation of symptoms in patients
who have Parkinson’s. Explanations for this finding include dys-
function of the frontopontine pathways or disturbances of basal
ganglia function.70,71

Seizures are both an initial symptom and a risk factor for the
development of a SDH. The incidence of seizures with chronic
SDHs is approximately 4-6% and decreases to 2-3% following
neurosurgical treatment.57,62,72

Although the physical findings of chronic SDH may be varied,
the findings tend to correspond to the patient’s presenting symp-
toms. Papilledema is indicative of increased ICP, but is found less
commonly in geriatric patients since any underlying brain atro-
phy can accommodate a large expanding mass before ICP raises
significantly. Common neurological signs include aphasia, cra-
nial nerve palsies, hemiparesis, hemisensory deficits, gait distur-
bances, and hemianopsia.19,25,28,62

The majority of subdural hygromas are asymptomatic. How-
ever, symptomatic presentations include irritability, drowsiness,
headache, confusion, and depressed level of consciousness.15

Posterior fossa SDH represent a very rare clinical entity, if new-
borns are excluded. They occur in less than 2% of all SDHs.25,73

Posterior fossa SDHs result from occipital trauma that injures bridg-
ing vessels or venous sinuses. Clinical presentations include com-
plaints of nausea, vomiting, headache, decreased level of conscious-
ness, cranial nerve palsies, nuchal rigidity, cerebellar signs and
symptoms, and papilledema. There are often signs of brainstem
compression: miosis, mydriasis, nystagmus, anisocoria, flaccid or
hypertonic limbs, and eye deviation. The clinical course is rapid and
decline usually occurs within the first nine hours after injury.73 Prog-
nosis is dismal; less than 5% of patients survive. Negative outcome
predictors include: advanced age, rapid clinical deterioration, brain-
stem compression, associated intracranial lesions, delayed surgery,
and completely obliterated posterior fossa cisterns on head CT.73,74

Although uncommonly found in the head-injured geriatric
patient, a review of head injuries and SDHs in the elderly would be
lacking without a brief consideration of epidural hematomas. An
epidural hematoma refers to a collection of blood between the inner
table of the skull and the dura. It is most commonly caused by a
direct contact or impact injury with a forceful deformity of the skull.
Eighty percent are associated with a skull fracture crossing the mid-
dle meningeal artery or a dural sinus. Most are in the temporal-pari-
etal region. Epidurals are usually unilateral; however, there is a high
incidence of other intracranial lesions, including subarachnoid hem-
orrhage and contusions. Unlike subdurals, epidurals develop rapidly
since the bleeding source is usually arterial. Slower progression may
occur if the bleeding is from a dural sinus. The classic presentation
is a loss of consciousness followed by a “lucid interval” (a brief
period of improving mental status). A depressed level or secondary
loss of consciousness follows. Common complaints include severe
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sionally, a hyperacute SDH may appear hypodense if imaged
prior to clot formation. Hypodense areas may also appear within
an acute SDH (mixed-density SDH) because of active bleed-
ing.82 Acute SDH can also appear hypodense in patients with
significant underlying anemia (hemoglobin concentrations less
than 8-10 g/dL).83 Although usually easily visualized, acute
SDH can be difficult to appreciate if the collection occurs under
the temporal lobe or along tentorial surfaces. (See Figure 2.)

Between the first and third weeks after formation, a SDH
may become isodense to brain tissue because of lysis of red
blood cells and resorption of hemoglobin. (See Figure 3.)
Effacement of sulci, inward displacement of the normal gray-
white junction, deformation of normal ventricular anatomy, and
obliteration of basal cisterns may indirectly identify these iso-
dense collections.79,84,85 Medial displacement of cortical sulci
away from the inner table of the skull is highly suggestive of
isodense SDH. Conversely, good visualization of the cortical
sulci extending to the inner table of the skull rules out an iso-
dense SDH.86 Bilateral isodense subdurals are more difficult to
detect but may appear as obliteration of basal cisterns and blunt-
ing of the normal gyral and sulcal anatomy.84 In addition, small
compressed ventricles, although not a specific finding, should
suggest the possibility of bilateral isodense SDHs.86 Contrast-
enhanced CT scans are useful for visualization of isodense sub-
durals. Contrast enhancement of the cortical surface and inner
membrane of the SDH, which are displaced from the inner table
of the skull, allows for easier detection.85,87,88 A scanning delay
of 3-6 hours allows for visualization of the hematoma itself.89

In the third week, the clot becomes hypodense relative to
brain tissue and is usually readily apparent on CT scan. (See
Figures 4 and 5.) Chronic SDH commonly occur bilaterally,
especially in the very elderly (older than 75 years).90 Acute
hemorrhage can occur in a chronic SDH after only minor trau-
ma. Blood tends to layer on the fibrovascular membranes that
bridge the subdural space, creating a multilocular appearance.81

(See Figure 6.) This should be differentiated from the layering
of blood products (hematocrit effect) seen in acute subdurals
when patients are left undisturbed for several hours. 

Subdural hygromas, which are often frontal, are also hypo-
dense fluid collections. (See Figure 7.) Differential diagnosis
includes chronic SDH or brain atrophy with enlargement of the
subarachnoid space.91 Hygromas usually arise 1-2 weeks after
trauma, which helps differentiate them from chronic SDH. As
with chronic SDHs, fluid in the subdural space tends to collect
anteriorly, especially in elderly patients. The distinction between
these two entities is not always possible radiographically, unless a
CT scan was performed at the time of the initial trauma. 

Although CT remains the imaging modality of choice for
detecting SDHs in the acute setting, magnetic resonance imaging
(MRI) has better sensitivity.69 SDHs have shorter T1 and longer
T2 values when compared to normal brain. Chronic SDH are
often hyperintense on T1 and T2 weighted scans and are rarely
isodense on T1 images.61,92,93 Low intensity T2 images due to
recurrent bleeding are common in symptomatic chronic SDH, and
MRI findings correlate well with the age of the hematoma and
onset of symptoms.94 MRI also clearly demonstrates isodense
SDH better than CT. It is also significantly better at identifying
small or transversely oriented SDH collections, interhemispheric
SDH, and SDH at the base of the skull and in the posterior fossa,
since it eliminates the bone artifact seen on CT.95,96 Postcontrast

headache, sleepiness, dizziness, nausea, and vomiting. Mortality is
much lower compared to acute SDH. CT scan demonstrates a
hyperdense, biconvex, ovoid, or lenticular collection with sharply
defined margins.

Epidural hematomas are seen much less commonly than sub-
durals in the elderly. This is thought to be the result of the close
attachment of the dura to the periosteum of the inner table,
which obliterates the potential space and prevents the hematoma
from developing.

Differential diagnosis of SDH includes dementia, stroke,
TIA, encephalitis, adverse drug reactions, psychiatric disorders,
brain tumors, and subarachnoid hemorrhage. (See Table 1.)
Careful history and physical examination can help differentiate
these conditions.18 Older patients, however, often have underly-
ing neurological disease and differentiating acute findings; cog-
nitive impairment and changes from the patient’s baseline may
be difficult. Liberal use of CT scanning is recommended in this
population.41 Antiplatelet and anticoagulant therapy should not
be instituted in patients with focal or transient neurological
deficits until SDH is excluded.64,75

Diagnostic Studies 
The diagnosis of acute and chronic SDHs has changed consid-

erably since the advent of CT scanning. Prior to this, the diagnosis
was suggested by abnormal skull radiographs and confirmed by
cerebral angiography. Plain films were abnormal in up to 50% of
cases (demonstrating depression or lateral displacement of the
pineal gland); however, this finding was neither sensitive nor spe-
cific.25,57,62 Angiography was the standard means for diagnosing
SDHs for many years, with accuracy approaching 99%. Subdurals
would appear as an avascular region between the cortical surface
of the brain and the inner table of the skull.25,28,62 Angiography,
still in use just two decades ago, was invasive, time consuming,
and not without risk. Radioisotope brain scans have also been used
in the past to detect SDHs. They were only reliable in well-devel-
oped hematomas and had high false-negative rates in patients with
scalp trauma, Paget’s disease, infection, and tumor.56,76-78

Noncontrast head CT scans provide a reliable, noninvasive
means for detecting acute and chronic SDHs. A peripheral area of
either high or low density, when contrasted with normal brain tis-
sue, is easily identified. As was alluded to above, a SDH is a
dynamic entity; therefore, its appearance on CT scans depends
upon the phase of its development.79-81

In the acute setting, SDHs usually appear as a hyperdense
crescentic-shaped mass overlying the cortical surface. (See Fig-
ure 1.) Since the subdural space is continuous around each hemi-
sphere, the hematoma is free to completely surround these struc-
tures while respecting the midline and tentorial margins.81 Occa-

Table 1. Differential Diagnosis for SDH

❏ Stroke/TIA
❏ Normal pressure hydrocephalus
❏ Parkinson’s disease
❏ Infection (meningitis, brain abscess)
❏ Dementia
❏ Psychiatric illness
❏ CNS tumor
❏ Adverse drug reactions



increased ICP. Initial assessment should assess the patient’s
level of consciousness and responsiveness and pupillary reactiv-
ity. The GCS is a rapid, reliable, and reproducible score for head
injury patients. It is useful both for predicting prognosis and for
frequent reassessment of these patients. (See Table 2.)

Indications for endotracheal intubation include airway control
and hyperventilation. Although a GCS of 8 or less often indi-
cates loss of airway protection, snoring respirations, accumula-
tion of secretions in the oral pharynx, and lack of cough or gag
response provide more direct evidence of the need for airway
protection. In the setting of normal respiratory function, intuba-
tion will also ensure adequate oxygenation. Since critical man-
agement decisions are often based on serial neurological exami-
nations and GCS scores, routine use of long acting paralytic
agents is not advocated.98

The role of hyperventilation in the management of acute head
injury is somewhat controversial.99,100 The benefit of hyper-

MRI can predict progression of acute SDH. Diffuse enhancement,
which indicates active bleeding, has been shown to be very sensi-
tive in predicting enlarging hematomas.97

Chronic SDHs can also be detected on EEG by diffuse or unilat-
eral voltage suppression, delta activity, or depression of a rhythm;
however, the EEG may also be normal or demonstrate nonspecific
findings and imaging is still required to make the diagnosis.43,56,77

Accurate and rapid diagnosis of SDHs is imperative for suc-
cessful management. The size (measured in mm) and density of
the SDH should be noted. Other important CT findings include
the degree of midline shift (also noted in mm), effacement of
ventricles and cisterns, and associated intracranial hematomas or
subarachnoid hemorrhage. 

Management
As with all acutely ill or injured patients, initial management

of head injuries begins with rapid assessment and attention to
airway, breathing, and circulation (ABCs). Attention to the
ABCs will limit secondary insults from hypoxemia and
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Figure 1. Acute SDH Figure 2. Acute SDH Along Falx

Note asymmetrical appearance of falx.

Figure 3. Isodense (Subacute) SDH

Note medial displacement of left hemispheric cortical sulci.

Figure 4. Chronic SDH with Typical 
Hypodense Appearance
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euvolemic or hypervolemic patient. Injudicious use in the hypov-
olemic patient can result in lowering the MAP with a resulting
decrease in CPP. This may be especially critical in the elderly
trauma patient, since accurate evaluation of volume status can be
difficult.104 If hypovolemia is present or suspected, volume
replacement should be employed, and followed by pressors if nec-
essary to maintain the MAP. The most commonly used pressors
include norepinephrine (Levophed; 3-12 micrograms/minute IV)
or phenylephrine (Neo-Synephrine; 40-180 micrograms/minute
IV). Pressor agents should not be used for neurological resuscita-
tion without ICP and MAP monitoring.101

Specific management of acute and chronic subdurals, including
indications for neurosurgical interventions, will be discussed below.

Management of acute SDHs depends on the patient’s neurologi-
cal exam, including GCS and CT findings, with attention to SDH
size, midline shift, and cistern effacement. Patients who have an
acute SDH with a thickness of 10 mm or less and a shift of the mid-
line structures of 5 mm or less can often be treated nonoperatively.

In one large, retrospective series of patients with acute SDH,
61% were managed nonoperatively.105 These patients tended to
have small SDH (< 10 mm), higher GCS scores (mean of 11), and
less evidence of associated brain injury (open paramesencephalic
cisterns and less midline shift). For patients with GCS scores of 9-
15, craniotomy was not associated with a difference in outcome.
The importance of the pre-hospital and admitting GCS scores for
determining treatment also has been examined. Patients with sta-
ble GCS scores who did not meet CT criteria for surgery were
treated conservatively in one prospective study. Fifteen of 65
patients were managed nonoperatively; two required subsequent
operations. Functional outcomes were achieved in two-thirds of
patients treated with nonoperative management.98 In another
series of acute SDH patients with GCS scores between 11 and 15,
93% achieved a good outcome with nonoperative treatment.106 As
these studies suggest, if a small hematoma is not a source of
intracranial hypertension or significant neurologic dysfunction,
then evacuation provides no advantage. 

Conversely, large SDH with shift greater than 5 mm are usual-
ly associated with an elevated ICP. In these instances, prompt
craniotomy and evacuation is necessary and management of the
acute SDH generally takes precedence over other injuries. Early
surgery is most important for a subset of patients with pure acute

ventilation is that it reduces PC02, causing a subsequent cerebral
vasoconstriction, which in turn reduces ICP. The goal is a PC02 of
approximately 30-35 mmHg; levels less than 35 mmHg should be
avoided in the first 24 hours post-injury. However, it is now rec-
ognized that maintaining cerebral perfusion pressure (CPP) should
guide therapy in traumatic brain injuries. CPP is defined as the
mean arterial pressure (MAP) minus ICP. Ideally, CPP should be
kept at approximately 70 mmHg.101 The beneficial affects of
hyperventilation appear short-lived, and hyperventilation can
actually lower cerebral blood volumes and thus reduce CPP.
Despite these controversies, hyperventilation remains commonly
used in patients with documented or suspected increased ICP.

Osmotic diuresis, another common means of ICP manage-
ment, is also controversial.101-103 Mannitol at doses of 0.5-1.0
gm/kg IV is commonly used as a temporizing measure in the set-
ting of acute changes in the neurologic exam (such as posturing or
other evidence of herniation), increasing hematoma size, or
uncontrollable ICP. Osmotic diuretics, such as mannitol, should
be used to maintain CPP greater than or equal to 70 mmHg in the

Figure 5. Chronic SDH with Neomembrane Figure 6. Chronic SDH (Bilateral) 
with Acute Hemorrhage

Figure 7. Subdural Hygroma (Bilateral)
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SDHs and a lucid interval after injury. In these cases, associated
cerebral damage is mild and neurologic deterioration results from
increased ICP due to the hematoma itself. Numerous studies have
demonstrated lower mortality (approximately 50% survival) in
this group of patients with prompt surgical treatment.107-109

Operative treatment of acute SDHs consists of craniotomy for
evacuation of the clot and may include subsequent placement of
subdural or intraventricular pressure-monitoring devices. Overall
surgical mortality rates range from 33% to 100%.73,110,111 Emer-
gency department burr holes are not useful for the diagnosis or
treatment of acute SDH. The thick, nonliquid nature of the clot
often prohibits evacuation through a small burr hole and general-
ly requires a craniotomy in most cases.112

If not surgically removed, the SDH may be expected to
resolve into liquefied clot within 4-6 weeks and eventually be
completely absorbed.39,113 Resolution of acute SDH is primarily
seen in young, healthy adults with relatively small hematomas. 

The treatment of chronic SDHs is a matter of debate; however,
a simplified approach consists of either conservative or operative
management. Since chronic SDH is a primary disease of the
elderly, treatment modalities ideally should be minimally inva-
sive, expedient, and have the best therapeutic result. Conservative
medical management involves mannitol and glucocorticoid
administration.114 Surgical evacuation involves craniotomies, burr
holes, twist drill craniotomies, or small trephine. The method is
determined by the amount of hemorrhage and consistency of the
hematoma as assessed by CT or MRI. Morbidity and mortality
following surgical evacuation ranges from 5% to 11% and is
affected by type of surgical procedure.35

Burr hole craniotomy is the most accepted surgical treatment
of chronic SDHs. It has been shown to be an effective treatment
with a low incidence of complications in spite of patients’
advanced age and associated comorbid diseases.24,27,28 Recent
technical advances have resulted in lower mortality, reduced re-

operative rate, and shorter duration of in-patient stay.115,116

Craniotomy with extensive membranectomy is a more inva-
sive surgical technique with a higher rate of complication.24 The
use of this technique as the initial treatment of chronic SDH has
declined and it is now reserved as a secondary treatment follow-
ing unsuccessful initial procedures.27,28,117

Re-accumulation of chronic SDH after burr hole craniotomy
is a known complication.24,27,118 Re-accumulation of hematoma
with fresh blood is more likely with large excisions of the exter-
nal membrane and may be related to excessive drainage
volume.118 A recent study involving very elderly patients recom-
mends that re-operation for persistent fluid collections not be
performed if there is clinical improvement in the patient.115

Spontaneous resolution of chronic SDHs is rarely observed.
CT findings associated with spontaneous resolution include
chronic subdurals that are low density or isodense, that are small
in size and associated with ventricular dilation, and those that
are found in patients with mild or no clinical signs or
symptoms.15,119,120 The mechanism responsible for this sponta-
neous resolution is hypothesized to involve decreased fibrinolyt-
ic activity of the hematoma capsule and of the fluid.119

Other complications from surgical evacuations include sub-
dural empyema, brain abscess, cellulitis, bone-flap infection,
and meningitis. Seizures are also a postoperative complication
so anticonvulsants are begun preoperatively and continued for
six months. Further complications include acute intracerebral
hematoma after evacuation. This may occur by hemorrhage into
previously undetected areas of contusion, a sudden increase in
cerebral blood flow coupled with faulty autoregulation, and
damage to parenchymal vessels secondary to rapid shift of cra-
nial contents. Complications also include brain stem hemor-
rhage, cerebral edema, tension pneumocephalus, and SIADH. 

Post-op results of chronic SDH evacuation are dependent on
neurologic condition of patients at the time of admission.27

Prognosis
Acute SDHs generally carry a poor prognosis, especially in

the elderly. Mortality rates range from 50% to 80% and have not
changed significantly in four decades.25,121-124 One study found
mortality to be four times higher in older patients than in
younger ones.125 Important prognostic factors in addition to age
include neurologic presentation, CT scan findings, and delays in
craniotomy and hematoma evacuation. 

One group examined 315 patients with severe head injuries.126

Patients with SDH had 66% mortality and worse outcomes as
measured by the Glasgow Outcome Scale. Predictors of mortality
included older age, low motor score on the GCS, and CT scan
findings of cerebral edema and midline shift. Pennings found not
only significantly worse survival (79% mortality vs 36% mortali-
ty for younger patients) in older patients with severe brain
injuries, but also significantly worse outcomes, with only one
older patient making a favorable recovery. Older patients had
both early and late hospital deaths and one-third were attributed
to pulmonary, cardiac, or multi-system organ failure.127

Important prognostic factors that are available to the ED
physician include pupillary response and GCS. Although bilater-
al fixed pupils is typically an ominous sign in patients with trau-
matic intracranial hemorrhage, in one series a full 25% of
patients with this finding made a good recovery.128 In this study,
however, no patients older than the age of 65 survived and the

Table 2. Glasgow Coma Scale (GCS)

Response Score
EYE OPENING

Spontaneous 4
To voice  3
To pain 2
None 1

VERBAL RESPONSE

Oriented 5
Confused 4
Inappropriate words 3
Incomprehensible 2
None 1

MOTOR RESPONSE

Obeys commands 6
Localizes pain 5
Withdraws (pain) 4
Flexion (pain) 3
Extension (pain) 2
None 1

Total GCS 3-15
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These findings reflect the pathophysiology of this entity and the
low incidence of significant underlying brain injury. 

Few studies have addressed factors influencing function and
independence as a long-term outcome in the geriatric head-injured
population. One study found that in geriatric trauma patients with a
GCS of less than 8, none returned to independent living.135 Anoth-
er study found that 33% of head-injured elderly patients had a
change in domicile following their discharge from the hospital.136

Older adults sustaining mild and moderate head injury show
cognitive and behavioral changes and disturbances in mood per-
sisting for greater than one year post-injury.137,138 A review
examining cognitive performance in geriatric patients following
a closed head injury found that 50% had generalized deteriora-
tion and dementia thought to be a consequence of their head
trauma.139 Elderly head injured patients perform more poorly at
word naming and word fluency, memory testing, and other cog-
nitive abilities than age-matched controls.137,140 These cognitive
disturbances may predispose these patients to more falls and as a
consequence increase the risk of subsequent head injuries.

Additional Aspects 
Pitfalls. Several pitfalls can occur in the evaluation of elderly

patients with SDHs. The most important pitfall is simply not con-
sidering the diagnosis. In the elderly, acute SDHs can occur after
seemingly minor head trauma or following insignificant injury
mechanisms such as a fall. Chronic subdurals may be especially
hard to diagnose since there is often no history or seemingly
remote history of head trauma. As noted above, presentations can
be subtle or can mimic other disease processes such as worsening
Parkinson’s disease or dementia. Histories should be obtained or
confirmed with family members or caregivers. A history of acute
changes in mentation, behavior, or ADLs is potentially signifi-
cant. The possibility of a SDH in these patients should be kept in
mind and if suspected, a CT scan should be obtained. 

Conversely, the presence of a small chronic SDH or subdural
hygroma may be found in older patients who have other causes for
acute mental status change, such as severe hyporthyroidism or
hyperosmolar coma. Although beyond the scope of this article,
other common etiologies for altered mental status or delirium in
older patients such as infection, congestive heart failure, or elec-
trolyte abnormalities should be sought. Careful attention to the his-
tory, physical examination (such as signs of hypothyroidism), and
laboratory evaluation (electrolytes, renal function, and glucose lev-
els) can be very helpful in assessing these complex patients. 

As noted above, CT scans are very sensitive at detecting
acute and chronic SDHs. Two pitfalls in CT diagnosis can
occur, however. The first, as noted previously, is missing a suba-
cute SDH. The other is missing an acute SDH in an unusual
location, such as a parafalcine or tentorial SDH. Careful review,
along with neuroradiological consultation (using tele-radiology
if necessary), should limit these occurrences.

In addition, the possibility of a cervical spine injury (CSI)
should be considered in all patients with a history of trauma and
SDH. CSI are not uncommon in the older patient. These injuries
most often occur following minor trauma, with falls (70%) being
the most common mechanism. CSI in the elderly often involve the
upper cervical spine (C1 and C2) and spinal cord injury is either
absent or incomplete.141 Radiographic evaluation should include
an adequate view of the odontoid. CT scans may be necessary if
plain films are not conclusive or suspicious for acute injury. 

most important predictor of negative outcome in these patients
was the presence of an acute SDH. One recent series examined
the initial GCS score and outcome.121 Ninety-one percent of
patients with a high GCS (9-15) achieved functional recovery,
compared with 23% of patients with a low GCS (3-8). Others
have shown that the simple combination of GCS and age can be
predictive of poor outcomes (death or persistent vegetative state).
In one study, there were no functional survivors in patients with
an age older than 60 and a GCS score of less than 5.129 As the
authors note, these findings should not be used to decide if treat-
ment is warranted, but instead should be used to guide clinicians
and families toward rational treatments and realistic expectations. 

CT findings can also help predict outcomes in patients with
acute SDH. One report showed that a hematoma thickness less
than 10 mm had only a 10% mortality, while mortality rose to
90% with hematomas greater than 30 mm.123 The authors noted
a significant increase in mortality (less than 50% survival) with
a hematoma thickness greater than 18 mm and a mid-line shift
greater than 20 mm. Just as importantly, evidence of brain
swelling (additional mid-line shift not explained by hematoma
size alone) was a significant factor in outcome. Fifty percent
mortality was associated with brain swelling displacement of
only 3 mm and patients with swelling greater than 5 mm had
only a 25% chance of survival. 

The timing of acute SDH evacuation has also been evaluated
in regard to prognosis. One group reviewed 82 patients with acute
SDH and coma and found that time from injury to operation was
the most significant factor in reducing mortality.130 Patients who
underwent surgery within four hours had a 30% mortality com-
pared to 90% who had surgery after four hours. Interestingly,
patient age did not affect survival. Others have noted improved
survival if extra-axial hematomas are evacuated within two hours
of neurologic deterioration.124 Functional outcome was also
improved with early operation. Not all studies have shown such
improvement with early surgery. Another group found age older
than 65, low GCS scores, and elevated ICPs, but not timing of
surgery, to be associated with poor outcome.109 A recent, larger
study examined 211 patients with acute SDH and GCS ranging
from 3 to 15. Factors found to be independently associated with
outcome were age, admission GCS scores, overall injury severity,
and pupillary reactivity.105 In a small subset of patients with large
acute SDH and coma, mortality was much lower in those under-
going early craniotomy (30% vs 59%); however, small numbers
accounted for the lack of statistical significance. 

These studies suggest that although age is an important factor in
outcomes in patients with acute SDHs, the extent of the primary
underlying brain injury is the most important factor affecting out-
come. Functional recovery is possible, even in very elderly
patients, if their initial presentation shows only mild impairment in
consciousness (i.e., GCS scores of 12 or higher).131,132

In contrast to acute SDH, chronic SDH have a much better out-
come. Prognosis is often determined by the patient’s condition on
admission, general health, and comorbid diseases.15,25,120 Mortali-
ty of patients surgically treated for chronic SDH is approximately
10%. Three-fourths of patients return to their baseline functional
level postoperatively.133 The use of burr hole craniotomy and
closed-system drainage also limits the surgical risk and can be
offered even to very elderly and frail patients. Good outcomes
(absent or only mild neurological deficits) have been reported in
76% of older patients treated for chronic SDH by this method.134
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Disposition 
Disposition of older patients with SDH is fairly straightforward.

Absolute indications for emergent neurosurgical consultation
include GCS score of 8 or less in the setting of trauma, and CT
findings of acute SDH with or without mass affect or obliteration
of basal cisterns.101 Patients with acute SDH require admission to
an intensive care unit (ICU) setting. If neurosurgical care is not
immediately available, patients should be promptly transferred.

Patients with chronic SDH also require neurosurgical consul-
tation, with the urgency of the evaluation depending on the
patient presentation, such as the presence of neurologic deficits
or an abnormal GCS score. Patients with small chronic SDH and
minimal abnormalities on neurologic examination warrant
admission for observation and neurosurgical consultation.
Patients found to have cystic hygromas are at risk for develop-
ment of chronic SDH and should followup with their primary
care physician who can arrange neurosurgical evaluation as
appropriate. Other important factors in disposition include the
patient’s living arrangements and consideration of elder abuse.

Summary 
SDHs are common in elder persons and will increase in inci-

dence as our population grows older. Acute SDHs can occur after
varying degrees of trauma and often have devastating outcomes in
this age group, especially if diagnosis and treatment are delayed.
Initial management of acute head injuries and SDH should be
familiar to all emergency physicians. Chronic SDHs are more
insidious and can mimic a number of other disease processes in
the very elderly. Maintaining a high index of suspicion and liberal
use of CT scanning can allow one to make this difficult diagnosis
and thus maximize outcomes for this at-risk population. 
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