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KEY POINTS

� Headache is one of the most common sequelae of traumatic brain injury, and imaging is
often warranted to evaluate for posttraumatic intracranial abnormalities that may present
with headache.

� Many patients experience headache after craniotomy. Imaging identifies postoperative
complications and guides management.

� CT and MRI of the brain contribute to the diagnostic evaluation of patients with headache
following trauma or craniotomy.

� CT is usually the best initial imaging modality, whereas MRI is more sensitive for particular
posttraumatic and postoperative abnormalities.
Abbreviations

CTA computed tomography angiography
SDH subdural hematoma
FLAIR fluid attenuated inversion recovery
MRI magnetic resonance imaging
DWI diffusion weighted imaging
ADC apparent diffusion coefficient
ICA internal carotid artery
INTRODUCTION

Disturbance or violation of the intracranial compartment by trauma or surgery may
result in headache. The headaches associated with trauma and craniotomy range in
severity from mild to severe. The time course of onset also varies from immediate to
delayed. Some of the entities discussed have complex clinical presentations with mul-
tiple symptoms and signs, of which headache may be one. Several posttraumatic and
postcraniotomy pathologies that may manifest with headache are discussed in the
following sections with a focus on their imaging appearances.
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DISCUSSION
POSTTRAUMATIC HEADACHES

Posttraumatic headache is described in the International Classification of Headache
Disorders (ICHD) as a secondary headache that begins within 7 days following trauma
or within 7 days after recovering consciousness or the ability to sense and report pain.1

It is one of the most common sequelae of traumatic brain injury: the 1-year cumulative
incidence of new or worsened headache in patients with mild traumatic brain injury
(mTBI) has been reported as 91%.2 Several intracranial traumatic abnormalities are
associated with headache, and their imaging features are discussed in detail below.

American College of Radiology Appropriateness Criteria

The American College of Radiology (ACR) publishes Appropriateness Criteria, which
are evidence-based guidelines for selecting appropriate diagnostic imaging for
various clinical conditions. The Appropriateness Criteria for imaging head trauma
are referenced in the following text and provide recommendations for which imaging
examination to order in specific contexts. Although specific points are discussed sub-
sequently, it is important to note that noncontrast head CT is usually appropriate for
the initial imaging of acute head trauma that is moderate or severe (Glasgow Coma
Scale [GCS] 3–12) or penetrating.3 Noncontrast head CT is also usually appropriate
for the initial imaging of mild acute head trauma (GCS 13–15) when imaging is indi-
cated by a clinical decision rule.3 This is due to the speed and accessibility of CT im-
aging as well as to the sensitivity of this modality for detecting hemorrhage, herniation,
and infarction that may warrant neurosurgical intervention.4

Reviewing thin-section reconstructions of a noncontrast head CT in the coronal and
sagittal planes improves the detection of intracranial hemorrhage and is recommen-
ded when evaluating a patient presenting with acute head trauma.5,6

Subdural Hematoma

Subdural hematomas are collections of blood products between the dura and the
arachnoid mater that usually result from tears in bridging cortical veins. They do not
cross midline but instead track along the falx under the dura. Unlike epidural hema-
tomas, they are not confined by the dural attachments associated with calvarial su-
tures, and their classic morphology is therefore crescentic (Fig. 1).
Acute subdural hematomas are usually hyperdense relative to brain parenchyma on

CT and become less dense as the blood products age. Although there are no precise
time intervals when blood products demonstrate specific densities, a systematic liter-
ature review described mixed and hyperdense subdural hematomas reported after a
median time interval of 1 and 2 days, respectively, whereas isodense and hypodense
subdural hematomas were reported after 11 and 14 days, respectively.7 The presence
of blood products of different densities within a subdural hematoma is often attributed
to acute-on-chronic hemorrhage. However, isodensity or hypodensity does not al-
ways indicate older blood. Nonclotted blood will seem hypodense, and this may be
observed in the setting of hyperacute hemorrhage (see Fig. 1; Fig. 2) or chronic hem-
orrhage in a patient with coagulopathy. Blood may seem isodense to brain paren-
chyma if it is subacute, but this appearance can also occur if the patient is anemic
or if there is mixing of CSF with acute blood in the setting of an arachnoid tear.
AlthoughMRI is not recommended in the initial imaging of acute head trauma, it may

be indicated to evaluate persistent neurologic deficits that are not explained by the
initial head CT. Small subdural hematomas are more sensitively detected with MRI
than with CT. MRI may also play a role in planning surgical evacuation of subdural
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Fig. 1. Hyperacute subdural hematoma in an elderly woman who was found down and last
seen well 3 hours prior. (A) Axial noncontrast head CT image shows a large crescentic left
cerebral convexity SDH that contains low-density hyperacute nonclotted blood products
mixed with hyperdense hemorrhage. This is known as the swirl sign (arrow). (B) Axial non-
contrast head CT image at the level of the foramen of Monro again shows hyperacute,
mixed-density left SDH (straight arrow) with rightward subfalcine herniation (arrowhead)
and asymmetric dilation of the right lateral ventricle (angled arrow) indicating ventricular
entrapment. (C) Axial noncontrast head CT image at the level of the midbrain demonstrates
left uncal herniation (straight arrow) as well as partial effacement of the right ambient
cistern (arrowhead). Entrapment of the right lateral ventricle is also visualized at this level
(angled arrow). (D) Axial noncontrast head CT image demonstrates marked dilation of the
temporal and occipital horns of the right lateral ventricle compatible with entrapment
(angled arrow).
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hematomas with subacute or chronic components by demonstrating the presence
and location of septations within the hematoma8,9 (Fig. 3). The risk of recurrence of
a subdural hematoma following evacuation may also be predicted based on the
appearance of blood on T1-weighted and T2-weighted sequences.10
Subdural Hygroma

Posttraumatic subdural hygromas are collections of CSF in the subdural compartment,
which result from tears of the arachnoid. Because they follow the same density and
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Fig. 2. Hyperacute subdural hematoma with uncal herniation and Duret hemorrhage. (A)
Axial noncontrast CT image of the head shows the swirl sign of a hyperacute left subdural
hematoma (arrow) as well as uncal herniation (arrowhead). (B) Axial noncontrast CT image
of the head shows interval left craniectomy for evacuation of the subdural hematoma (ar-
row) with persistent uncal herniation (arrowhead) and new punctate hyperdensity in the
right dorsal midbrain (curved arrow) compatible with acute parenchymal hemorrhage
that is known as Duret hemorrhage in the setting of severe uncal herniation.
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signal characteristics onCTandMRI asdoesnormalCSF, theymaybedifficult to distin-
guish from the normal CSF surrounding the brain, especially in the setting of brain atro-
phy. However, hygromas will displace the cortical veins away from the calvarium and
are often observed in combination with other posttraumatic findings in the brain.
Hygromas tend to appear later following trauma than acute hematomas, with a

mean time to appearance of 9 days after injury.11 However, they may also occur in
the first day after injury. Although they should follow the appearance of CSF on all
Fig. 3. Bilateral subdural hematomas of different ages. (A) Axial T2/FLAIR MR image of the
brain shows T2 hypointense blood layering dependently within a chronic left subdural he-
matoma (straight arrow). Linear T2 hypointense structures within a chronic right subdural
hematoma (arrowhead) represent septations. (B) Axial susceptibility-weighted MR image
of the brain shows hypointensity associated with the dependent blood products (straight
arrow) as well as with the septations in the right subdural hematoma (arrowhead). (C) Axial
T1-weighted MR image of the brain shows isointense signal of the more recent left subdural
hematoma (arrow) and hyperintensity of the subacute blood within the right subdural he-
matoma (curved arrow).
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imaging, they may demonstrate transient hyperdensity if the patient recently received
intravenous contrast. Dual-energy CT technique can be used to image the brain of a
trauma patient who recently received contrast to distinguish between contrast and
acute hemorrhage as the cause of hyperdensity within a subdural collection.12
Epidural Hematoma

Epidural hematomas are collections of blood products between the inner table of the
calvarium and the dura. They are confined by the calvarial sutures because the dura is
attached to the calvarium in these locations, and as a result, they tend to have a lentic-
ular or biconvex shape. An epidural hematoma may only cross a suture if a fracture
involves the suture.
Epidural hematomas can result from arterial or venous bleeding, but typically they

are associated with injury to the middle meningeal artery in the setting of a calvarial
fracture (Figs. 4 and 5). The presence of an epidural hematoma should prompt a
search for a calvarial fracture and vice versa, although they can certainly occur in isola-
tion of each other. Injury to a dural venous sinus may result in a venous epidural
hematoma.
As discussed in the section on subdural hematomas, acute blood within an epidural

hematoma is hyperdense on CT. However, hyperacute, unclotted blood may seem
hypodense and mix with hyperdense hemorrhage, generating a “swirl sign” within
an epidural hematoma13 (shown within subdural hematomas in Figs. 1 and 2). This
appearance of mixed densities within a hematoma should prompt urgent neurosur-
gical consultation, as it implies ongoing bleeding and potential rapid expansion of
the hematoma. Although MRI is more sensitive for detecting subtle hemorrhage and
for determining the age of blood products, it is reserved for evaluation of subacute
or chronic head trauma with unexplained neurologic deficits or for follow-up if initial
imaging was unremarkable but the patient has a persistent neurologic deficit.3
Fig. 4. Acute epidural hematoma in a middle-aged man who was the unhelmeted driver of
a motorcycle that collided head-on with a car. (A) Axial noncontrast head CT image shows a
crescentic acute extra-axial hematoma along the right frontal convexity (straight arrow)
with a small amount of pneumocephalus (arrowhead) as well as soft tissue hemorrhage
and gas in the overlying right scalp (curved arrow). There is also a contralateral extra-
axial hematoma (angled arrow). On this image alone, it is difficult to determine whether
the hematomas are epidural or subdural. (B) Axial noncontrast head CT in bone algorithm
reveals multiple acute right calvarial fractures (straight arrows) with displacement posteri-
orly (angled arrow). (C) Coronal noncontrast head CT shows the classic lentiform, biconvex
configuration of the acute EDH along the right frontal convexity (arrow).
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Fig. 5. Active bleeding into the epidural hematoma in the patient shown in Fig. 4. Axial (A)
and coronal (B) CT angiographic images of the head show arterial phase contrast extravasa-
tion (arrows) into the epidural hematoma.
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Subarachnoid Hemorrhage

Subarachnoid hemorrhage is located between the arachnoid and pia mater and insin-
uates within the sulci of the brain. It is generally of smaller volume than subarachnoid
hemorrhage caused by aneurysm rupture and tends to be located at or opposite the
site of impact (Fig. 6). It may also be observed in the basal cisterns, although isolated,
cisternal subarachnoid hemorrhage is more often related to ruptured aneurysm and
should prompt evaluation for aneurysm. Traumatic subarachnoid hemorrhage may
redistribute into the ventricular system, where it may layer dependently or adhere to
the ependyma or to the choroid plexus within the ventricles. Intraventricular
Fig. 6. Brain contusions and subarachnoid hemorrhage in the patient shown in Fig. 4 and 5.
(A) Axial noncontrast head CT image shows multiple small acute parenchymal hemorrhages
in the right frontal and anterior temporal lobes (arrows) compatible with traumatic contu-
sions. (B) Axial noncontrast head CT image at a level superior to that in image A shows addi-
tional right brain contusion (arrow) as well as acute subarachnoid hemorrhage in several
left cerebral sulci (arrowheads). (C) Coronal noncontrast head CT image shows acute sub-
arachnoid hemorrhage in several bilateral cerebral sulci (arrowheads). Traumatic subarach-
noid hemorrhage tends to be of lower volume than that caused by ruptured aneurysm.
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hemorrhage can also arise from a ruptured subependymal vein or via extension from a
parenchymal hematoma.
Certain locations of traumatic subarachnoid hemorrhage in the brain are associated

with other traumatic brain abnormalities. Hemorrhage in the ambient cisterns or inter-
hemispheric fissure on initial head CT has been shown to be a marker of severe diffuse
axonal injury (DAI).14 DAI has also been correlated with intraventricular hemorrhage on
initial head CT.15 Vasospasm is less commonly observed with traumatic subarachnoid
hemorrhage than with aneurysmal hemorrhage, although a significant risk for vaso-
spasm has been reported in the setting of severe traumatic brain injury.16 MRI is
more sensitive than CT in detecting small volumes of subarachnoid hemorrhage,
and MRI performed for short-term follow-up of a patient with persistent neurologic
deficit and unremarkable initial head CT may reveal subtle subarachnoid hemorrhage
that could not be visualized on CT.

Brain Contusion

Brain contusions are parenchymal “bruises” related to traumatic impact and most
often are located in the inferior-anterior frontal and temporal lobes, at coup-
contrecoup sites (see Fig. 6). Initially, brain contusions may manifest on CT as hypo-
dense areas of parenchymal edema with minimal or absent hyperdensity. During the
48 hours following injury, contusions often increase in size and develop progressively
hyperdense areas of acute parenchymal hemorrhage. This phenomenon is described
as “blossoming” or “blooming” of the contusion.17 The hyperdense hemorrhage
component often then resolves before the edema associated with the contusion. Se-
rial imaging is therefore recommended for patients with brain contusions to monitor for
progressive mass effect related to the edema, hemorrhage, or both.
The presence of a contusion has also been shown to contribute to the predicted

clinical outcome of a patient. Temporal lobe contusions in particular were shown to
be associated with a worse functional outcome 6 months following trauma than frontal
contusions and extra-axial injuries.18

Depending on the age of the contusion, variable degrees of T1 and T2 signal and
susceptibility artifact may be present on MRI. MRI is more sensitive than CT for detec-
tion of brain contusions, particularly when they are small, located near the calvarium or
skull base, or lack hyperdense hemorrhage on CT.19,20 This contributes to the ACR’s
determination that noncontrast MRI may be appropriate for short-term follow-up of
patients with acute head trauma who have persistent neurologic deficits and normal
head CTs.3 The detection of subtle contusions in these patients, especially those
with mild TBI, can assist with determining prognosis.21

Fracture

Calvarial and skull base fractures may occur as a result of blunt or penetrating trauma
and are frequently associated with intracranial injuries such as epidural hematoma (as
discussed above) and brain contusion. Acute fractures are best detected on noncon-
trast CT, and some fracture locations are associated with specific additional abnor-
malities. Fractures traversing the anterior cranial fossa are often associated with
CSF leak,22 and these patients may report headache features characteristic of intra-
cranial hypotension. Imaging findings suggestive of CSF leak may include extra-
axial CSF collection or pseudomeningocele, fluid collection in a paranasal sinus,
and features of intracranial hypotension such as slumping midbrain and collapsed
ventricles (Fig. 7). Noncontrast head, face, or temporal bone CT is usually adequate
to identify the site of a CSF leak in the setting of head trauma, but if these studies
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Fig. 7. Acute fractures traversing the left frontal sinus with subsequent intracranial hypo-
tension presumed to relate to CSF leak. (A) Axial noncontrast CT image of the head in
bone algorithm shows acute displaced fractures disrupting the outer and inner tables of
the calvarium at the level of the left frontal sinus (straight arrows). A small amount of pneu-
mocephalus is present (arrowhead). (B) Sagittal T1-weighted MR image of the brain 1 week
later shows descent of the cerebellar tonsils into the foramen magnum (arrow), collapsed
lateral ventricles (arrowhead), and effacement of the suprasellar cistern (curved arrow),
all indicative intracranial hypotension. In the setting of recent fracture involving a paranasal
sinus, the cause of the hypotension is most likely a CSF leak.
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reveal multiple potential sites of leak, CT cisternography can be used to localize the
precise site of CSF leak in order to guide surgical repair.3,23

Fractures involving a dural venous sinus or the jugular bulb can cause traumatic
venous injury that leads to thrombosis or compression by an extra-axial hematoma.24

Although findings suggestive of venous sinus injury may be present on noncontrast
head CT, such as hyperdensity within a sinus or venous infarct, CT venography is
the most useful imaging study to evaluate for suspected acute venous injury3 (Fig. 8).
Long bone or pelvic fractures may rarely result in cerebral fat embolism, in which fat

microemboli to the brain cause infarcts and petechial hemorrhage. This entity is best
detected with MRI, where it may present with a range of imaging features such as
scattered foci of restricted diffusion, areas of confluent T2 hyperintensity, and/or scat-
tered foci of susceptibility artifact primarily in the white matter25 (Fig. 9). The large
number of foci of DWI hyperintensity scattered diffusely in the white matter has
been described as the “starfield” pattern.26 Although these patients may experience
headache, more severe manifestations of cerebral fat embolism include delirium, sei-
zures, and coma.27

Diffuse Axonal Injury

Shearing forces to the white matter can cause DAI. Acceleration–deceleration trauma
that may be rotational or translational is associated with DAI and affects both the larger
white matter tracts as well as the gray–white matter junction due to the sharp transition
between tissues of different densities in this location.4MRI is themost sensitive imaging
modality to detect DAI and may demonstrate hemorrhagic or nonhemorrhagic white
matter lesions (Fig. 10). The location of the lesions indicates the severity of the injury
per the following grading system: Grade 1 involves the subcortical white matter (at
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Fig. 8. Acute occipital calvarial fracture with associated sigmoid and transverse sinus throm-
bosis. (A) Axial CTA image of the head in bone algorithm shows acute nondisplaced frac-
tures of the left occipital calvarium (arrow) and left aspect of the clivus (arrowhead). (B)
Axial CTA image of the head shows a subocclusive filling defect of the left sigmoid sinus (ar-
row) compatible with thrombus. (C, D) Axial (C) and coronal (D) CTA images of the head
show filling defect of the left transverse sinus (arrows) with both occlusive (D) and subocclu-
sive (C) components.
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the gray–white matter junction), Grade 2 involves the corpus callosum, and Grade 3 in-
volves the brainstem.28 DAI lesions restrict diffusion andmay demonstrate susceptibil-
ity artifact. Theremaybeassociated or isolated T2hyperintense lesions, although these
are nonspecific and difficult to attribute to DAI in the absence of signal abnormalities on
other sequences. AlthoughbothDAI and cerebral fat embolismmaydemonstratemulti-
focal susceptibility artifact and restricted diffusion in thewhitematter, the lesions of ce-
rebral fat embolism tend to be more numerous and diffuse.
Diffusion tensor imaging (DTI) is an advanced imaging technique that has been

applied to study patients with mTBI and posttraumatic migraines. Compared with
mTBI patients without posttraumatic migraines, migrainous patients had DTI findings
suggestive of injury to the corpus callosum and fornix.29 This imaging tool is not yet
used in routine clinical practice, but it has revealed patterns of injury that correlate
with posttraumatic headaches.
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Fig. 9. Cerebral fat embolism in a 26-year-old patient with obtundation several days after
sustaining pelvic fractures in a motor vehicle accident. (A, B) Axial susceptibility-weighted
MR images of the brain show innumerable foci of hypointensity scattered diffusely
throughout the white matter (arrows) most compatible with petechial hemorrhages related
to fat microemboli to the brain. (C, D) Axial diffusion-weighted (C) and apparent diffusion
coefficient (D) MR images of the brain show tiny foci of DWI hyperintensity and ADC hypo-
intensity (arrows) compatible with restricted diffusion associated with the foci of suscepti-
bility hypointensity. These are compatible with areas of ischemia and have been described
as the “starfield” pattern.
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Herniation

Mass effect associated with traumatic hemorrhage or edema in the brain may result in
herniation, which can then cause secondary infarcts, hemorrhage, or hydrocephalus.
Uncal or downward transtentorial herniation (see Figs. 1 and 2) may result in ipsilateral
third nerve palsy and dilated pupil. The herniating brain can impress on the ipsilateral
posterior cerebral artery and result in infarct in that territory. Bilateral or severe unilat-
eral downward transtentorial herniation can also cause hemorrhage in the midbrain,
referred to as Duret hemorrhage (see Fig. 2). The herniating brain in this setting may
compress perforating arteries from the circle of Willis and result in basal ganglia or hy-
pothalamic infarcts.
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Fig. 10. DAI in a middle-aged man who was the unrestrained passenger in a motor vehicle
collision. (A) Axial susceptibility-weighted MR image of the brain shows a hypointense focus
in the right frontal white matter near the gray–white junction (arrow). There is correspond-
ing hyperintensity that surrounds central hypointensity on diffusion-weighted image (B)
and hypointensity on apparent diffusion coefficient image (C) compatible with restricted
diffusion (arrows). This finding in isolation would indicate grade 1 DAI. (D) Axial
susceptibility-weighted MR image of the brain in the same patient shows a hypointense
focus in the splenium of the corpus callosum with corresponding restricted diffusion (ar-
rows) (E, F). Involvement of the corpus callosum indicates grade 2 DAI. (G) Axial
susceptibility-weighted MR image of the brain shows a hypointense focus in the dorsal
midbrain (arrow) which indicates grade 3 DAI.
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Subfalcine herniation can cause ipsilateral anterior cerebral artery territory infarc-
tion. If the herniating brain obstructs the foramen of Monro, the contralateral lateral
ventricle can become dilated: this is referred to as ventricular entrapment (see
Fig. 1). Cerebellar tonsillar herniation may obstruct the fourth ventricular outlet and
cause hydrocephalus. If severe, this type of herniation can impress on the posterior
inferior cerebellar artery and result in infarct in that territory. Ascending transtentorial
herniation can obstruct the cerebral aqueduct and cause hydrocephalus at that level.
The superior cerebellar arteries may be compressed in this setting and cause
infarction.
Arterial Injury

Traumatic injury to the middle meningeal artery is discussed above in the section on
epidural hematoma (see Fig. 5), but there are other arterial injuries that may result in
headache. Traumatic injury to the cervical carotid artery more often presents with ipsi-
lateral neck pain, neck hematoma, and possibly signs of infarct or cranial nerve palsy,
although a traumatic aneurysm of this artery may result in headache.30 Traumatic
injury of the intracranial internal carotid artery may present with unilateral headache,
as can injury to the intradural vertebral artery. CT angiography of the head and neck
is usually appropriate to evaluate for arterial injury in patients with head trauma and
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Fig. 11. Traumatic injury to the left cervical and intracranial ICA. (A) Axial CTA image of the
head shows asymmetric smaller caliber of distal cervical left internal carotid artery relative
to the right and slight irregularity (arrow) concerning for traumatic injury. (B) Axial CTA im-
age of the head in bone algorithm shows an acute nondisplaced fracture involving the left
carotid canal (arrow). (C) Axial CTA image of the head shows eccentric (arrow) and equivocal
central linear (black curved arrow) filling defects in the petrous left ICA concerning for
dissection and possible intimal flap. (D) Axial CTA image of the head shows asymmetric arte-
rial phase contrast filling of the left cavernous sinus (arrow) concerning for traumatic
carotid-cavernous fistula.
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either clinical risk factors for vascular injury or imaging findings that may indicate
vascular injury.3 Imaging findings may include irregularity and narrowing of the injured
artery and/or a linear filling defect compatible with intimal flap (Fig. 11). The presence
of intracranial hemorrhage or infarct following trauma may prompt CTA, but skull base
and cervical spine fractures are particularly concerning and warrant vascular imaging.
Traumatic carotid-cavernous fistula is a specific vascular injury that is associated

with skull base fractures, particularly those involving the carotid canal. Damage to
the intracranial internal carotid artery can lead to an arteriovenous shunt between
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the artery and the adjacent cavernous sinus. Symptoms of this fistula include head-
ache, orbital edema, and reduced vision and may present days following the injury
or may be delayed and manifest several months later.31 Noncontrast head CT and
CTA may have findings suggestive of this fistula, such as dilation of the ipsilateral su-
perior ophthalmic vein and cavernous sinus or arterial phase contrast filling of these
venous structures (see Fig. 11). However, digital subtraction angiography is the defin-
itive imaging tool when a traumatic carotid-cavernous fistula is suspected.

POSTCRANIOTOMY SYNDROMES

Although the ICHD classifies headache attributed to craniotomy as a type of posttrau-
matic headache,1 some of the mechanisms and imaging features of postcraniotomy
headaches are unique from those associated with noniatrogenic trauma. The ICHD
describes a headache attributed to craniotomy as one that develops within 7 days af-
ter the craniotomy or within 7 days of regaining consciousness or discontinuing med-
ications that impair the ability to sense or report headache.1 To be attributed to
craniotomy, a headache should not be better accounted for by another diagnosis.
Postcraniotomy headache is common, with reported incidence of 60% when using
the above definition.32 There is a higher prevalence of headache when the duration
of surgery is greater than 4 hours and when a craniectomy is performed rather than
craniotomy or cranioplasty.33 Some of the structural abnormalities and complications
of craniotomy and their imaging appearances are discussed below.

Hemorrhage, Edema, and Pneumocephalus

A small amount of extra-axial hemorrhage is expected deep to a craniotomy immedi-
ately postoperatively, but if the hematoma is larger than generally observed, increases
during serial imaging examinations, and/or causes mass effect (Fig. 12), it may
Fig. 12. Large subdural hematoma following placement of stereotactic EEG electrodes. Axial
3D T1-weighted MR images of the brain before (A) and following (B) placement of intracra-
nial stereotactic EEG electrodes (curved arrow) shows a right parietotemporal subdural
collection that is isointense to brain and new from the preoperative examination compat-
ible with subdural hematoma. There is a mass effect on the underlying brain, and the hema-
toma was large enough to warrant subsequent evacuation.
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Fig. 13. Postoperative intracranial hypotension in an elderly man presenting with seizure
and altered mental status after recent lumbar fusion that was complicated by durotomy.
(A, B) Axial T2/FLAIR MR images of the brain show symmetric abnormal T2/FLAIR hyperinten-
sity within the bilateral basal ganglia and thalami as well as within the superior cerebellum
(arrows). (C) Axial postcontrast 3D T1-weighted MR image of the brain shows diffuse pachy-
meningeal enhancement (arrowheads) suggestive of intracranial hypotension. (D, E) Axial
T2/FLAIR MR images of the brain 6 weeks later show resolution of the prior edema within
the basal ganglia, thalami, and cerebellum (arrows).
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become symptomatic and require evacuation to prevent herniation. Noncontrast head
CT is the most appropriate examination to initially assess for postoperative hemor-
rhage, although MRI may detect smaller, more subtle hemorrhage. An extra-axial
collection deep to a craniotomy often contains a combination of acute blood and fluid,
so its density on CT may be lower than would be expected for purely acute hemor-
rhage. Extra-axial hematomas after craniotomy are usually extradural and located
directly beneath the bone flap, but extradural hematomas may also occur adjacent
to the bone flap margins or in a location remote from the flap.33

Parenchymal hemorrhage may also be expected postoperatively if the intervention
was on the brain parenchyma or required traversal of the brain. For example, resection
of an intra-axial tumor or placement of an external ventricular drain may result in a
small amount of parenchymal hemorrhage surrounding the resection cavity or along
the surgical tract. If the hemorrhage is larger than routinely observed, expands, or ex-
erts significant mass effect, it may become clinically significant and warrant further
intervention.
A unique type of parenchymal hemorrhage that may be observed after a craniotomy

or even a spinal surgery is remote cerebellar hemorrhage. This occurs distant from the
surgical site and is believed to reflect a form of hemorrhagic infarction that results from
occlusion of posterior fossa bridging veins when the cerebellum sags in response to
low CSF volume/intracranial hypotension.34

Intracranial hypotension induced by either an intracranial or spinal operative dural
defect can cause low-pressure headaches and manifest on CT or MRI with findings
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Fig. 14. Tension pneumocephalus in a patient who developed acute confusion 2 days
following craniotomy. Axial noncontrast CT images of the head in brain (A) and bone (B)
windows show bifrontal subdural gas (straight arrows) tracking into the interhemispheric
fissure (arrowheads). The right frontal pneumocephalus exerts mass effect on the right fron-
tal lobe (curved arrows).

Fig. 15. Infected bone flap in patient with cellulitis of the overlying scalp 1 month after
craniotomy. (A) Axial noncontrast CT image of the head in bone algorithm shows erosions
and lytic changes (straight arrow) of the left frontoparietal bone flap with overlying soft tis-
sue swelling (arrowhead). (B, C) Axial diffusion-weighted (B) and apparent diffusion coeffi-
cient (C) MR images of the head show restricted diffusion involving the bone flap (straight
arrows). (D) Axial postcontrast T1-weighted MR image of the head shows abnormal dural
enhancement deep to the craniotomy (straight arrow) that is thicker and more irregular
than that normally observed after craniotomy. (E) Coronal postcontrast T1 fat-saturated
MR image of the head shows abnormal dural (straight arrow) and soft tissue (curved arrow)
enhancement concerning for phlegmon.
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Fig. 16. Cerebral abscess following craniotomy. (A, B) Axial diffusion-weighted (A) and
apparent diffusion coefficient (B) MR images of the brain show a collection in the left
corona radiata deep to the craniotomy that demonstrates internal restricted diffusion (ar-
rows). (C) Axial T2/FLAIR MR image of the brain shows confluent T2 hyperintensity surround-
ing the collection (arrow) compatible with vasogenic edema. (D) Axial postcontrast T1-
weighted MR image of the brain shows peripheral enhancement of the collection (arrow).
This constellation of imaging features most likely represents abscess.
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of slumping brainstem, effacement of the suprasellar cistern, and decreased ventric-
ular caliber as discussed in the section on fracture. However, additional findings of
symmetric edema involving the bilateral basal ganglia, thalamus, and/or cerebellum
or brainstem have been observed in the setting of postoperative intracranial hypoten-
sion35 (Fig. 13).
Pneumocephalus is expected to a slight degree immediately following craniotomy,

but when it exerts mass effect on the brain and is associated with neurologic decline, it
is considered tension pneumocephalus and becomes a neurosurgical emergency. Im-
aging findings of this process include gas in the bifrontal subdural compartment,
which impresses on and deforms the underlying brain parenchyma (Fig. 14). The sub-
dural gas may also track into and widen the interhemispheric fissure.36
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Fig. 17. Trephine syndrome in a patient 3 months after craniectomy and subsequent para-
doxical herniation in the same patient following lumbar puncture. (A, B) Axial noncontrast
CT images of the head demonstrate concave deformity of the left frontal lobe underlying
the craniectomy defect (arrows). There is slight rightward midline shift at this time (arrow-
head). (C, D) Axial noncontrast CT images of the head in the same patient after lumbar
puncture reveal progressed concave deformity of the left frontal lobe (arrow) as well as pro-
gressed rightward subfalcine herniation (arrowhead) and interval dilation of the right
lateral ventricle (curved arrows) indicating entrapment.
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Infection

Postoperative infection may affect the craniotomy bone flap, extra-axial compartment,
or brain. Bone flap infection usually manifests a few weeks after surgery and is often
preceded by overlying cellulitis. Longer surgeries and repeat craniotomies are associ-
ated with a higher rate of bone flap infection, as are surgeries in which the paranasal
sinuses are violated. CT and MRI can be useful in the detection of bone flap infection,
although the CT findings of osteolysis may also be observed in old, devitalized bone
flaps. MRI is therefore more reliable and demonstrates bone marrow edema and
enhancement when a bone flap is infected (Fig. 15).
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The most common extra-axial infection following craniotomy is extradural abscess.
The subdural compartment is less frequently involved because postoperative infec-
tions often begin in the superficial soft tissues and spread first to the extradural re-
gion.37 CT can be used to detect an extra-axial fluid collection, but MRI is more
sensitive for determining whether it is infected. Both extradural abscesses and sub-
dural empyemas demonstrate internal T2 hyperintensity as well as peripheral
enhancement. Diffusion restriction of the contents of a rim-enhancing fluid collection
generally indicates infection, but this sequence is less reliable in the postoperative
setting, in part due to the presence of blood products that can also restrict diffusion.38

In addition to these false-positive cases of extra-axial infection, false-negative rates of
extradural abscess and subdural empyema are higher in postoperative patients: one
study demonstrated a 47% false-negative rate for extradural abscess detection on
diffusion-weighted imaging of postoperative patients.38

Brain or cerebral abscess may occur following craniotomy and demonstrates the
same imaging features as extra-axial abscess but is located in the brain parenchyma
(Fig. 16). In one large retrospective study, the number of patients with intracranial
infection who developed a postoperative cerebral abscess was similar to the number
of patients who developed a subdural empyema, about 15% of infected patients.39

Postcraniectomy

There are two postoperative phenomena unique to patients who have undergone cra-
niectomy. Trephine syndrome or syndrome of the trephined manifests as headaches,
seizures, dizziness, and excessive fatigue in the months following craniectomy. Imag-
ing of these patients often reveals a sunken or concave morphology of the skin flap
overlying the craniectomy (Fig. 17). The symptoms are thought to relate to altered
CSF dynamics and reduced cerebral perfusion due to exposure of the intracranial
contents to atmospheric pressure.40 Cranioplasty leads to clinical improvement in
some of these patients.
Paradoxical herniation is a rare complication of craniectomy and may be observed

in patients with a large craniectomy defect who undergo subsequent CSF drainage via
lumbar puncture or ventricular shunting. The decrease in CSF pressure in the setting of
brain exposed to the external environment can result in atmospheric pressure over-
taking intracranial pressure and causing herniation of the brain away from the craniec-
tomy defect (see Fig. 17). Clinical manifestations of this process include depressed
level of consciousness and focal neurologic deficits.40 Paradoxical herniation should
be emergently managed by increasing intracranial pressure via clamping of any ven-
tricular catheters and perhaps performing cranioplasty.

SUMMARY

Headache can occur following trauma or surgery to the brain and may be associated
with the specific pathologic processes described. In the acute setting following
trauma or craniotomy, hemorrhage, edema, and vascular injury are among the causes
of headache. Postcraniotomy infection has a more indolent course and delayed pre-
sentation. Recognizing the imaging features of these processes allows for prompt
diagnosis and management.

CLINICS CARE POINTS

� Noncontrast CT of the brain is usually the best initial imaging tool to evaluate patients with
headache following trauma or craniotomy.
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� Brain MRI is more sensitive than CT for detecting certain posttraumatic and postoperative
abnormalities such as DAI and infection.

� Extra-axial hematomas with mixed density on CT may contain hyperacute, hypodense blood
products rather than simply acute on chronic hemorrhage.

� The diagnoses of postoperative tension pneumocephalus and paradoxical herniation should
be based on both imaging features and clinical presentation.

� MRI is less reliable in demonstrating extra-axial infection in the postoperative setting than in
nonoperative patients, with relatively high false-negative and false-positive rates.
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