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Abstract Headaches from vascular causes need to be differ-
entiated from primary headaches because a misdiagnosis may
lead to dire consequences for the patient. Neuroimaging is
critical in identifying patients with vascular headaches and
identifying the nature of the pathologic disorder causing these
headaches. In addition, the imaging findings guide the physi-
cian regarding the optimal treatment modality for these le-
sions. This review summarizes the nuances of differentiating
patients with secondary headaches related to vascular disease
and discusses pertinent neuroimaging studies.

Keywords Cervical dissection . Headache . Neuroimaging .

Vascular disorders . Vascular malformations

Abbreviations
AVF Arteriovenous fistula
AVM Arteriovenous malformation
CE Contrast enhanced
CSF Cerebrospinal fluid
CT Computed tomographic
CTA Computed tomographic angiography
CVT Cerebral venous thrombosis
DSA Digital subtraction angiography
ECA External carotid artery
FLAIR Fluid-attenuated inversion recovery
GRE Gradient echo
ICA Internal carotid artery
ICH Intracranial hemorrhage
MR Magnetic resonance
MRA Magnetic resonance angiography
RCVS Reversible cerebral vasoconstriction syndrome
SAH Subarachnoid hemorrhage
SWI Susceptibility-weighted imaging
TOF Time-of-flight
VA Vertebral artery

Introduction

Headaches are a common reason for visiting a neurologist, a
primary care physician, or an emergency department. It is
important to differentiate patients presenting with headaches
potentially arising from a secondary cause, especially a vas-
cular cause. The International Classification of Headache Dis-
orders (ICHD) II [1] recognizes headaches related to vascular
disorders as secondary headaches (Table 1). The diagnosis is
definite only when the headache resolves or greatly improves
within a specified time after its onset or after the acute phase of
the disorder. When this is not the case or before the specified
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time has elapsed, the diagnosis is qualified by stating
Bprobably attributed to vascular disorder.^ Recognizing that
these are criteria that cannot be applied in all instances, espe-
cially when the headache does not resolve or greatly im-
proves after 3 months, leads to a diagnosis of chronic
post-vascular-disorder headache. Features that suggest a
secondary headache [2] include the following:

& systemic symptoms (fever, weight loss, fatigue)
& secondary risk factors (human immunodeficiency virus,

cancer, immunodeficiency)
& neurologic symptoms or signs (altered mental status, focal

deficits)
& sudden onset (split-second, thunderclap)
& older age onset (new onset after age 50)
& previous history/positional/papilledema/precipitants

Headaches Associated with Cerebral Aneurysms

Cerebral aneurysms are present in 2 % of the population, and
there are 30,000 aneurysmal ruptures per year in the USA [3•].
The clinical presentation of aneurysmal subarachnoid hemor-
rhage (SAH) is very distinct. Approximately 80 % of awake
patients relate a history of having the worst headache of their
life, and 20 % give a history of a sentinel headache [4]. Symp-
tomatic unruptured intracranial aneurysms in patients present-
ing with sentinel thunderclap headaches (episodes of sudden,
intense headache with peak intensity at onset and resolution
within the following 72 h) should be treated in principle as

sentinel headaches have been reported to precede SAH in 10
to 50% of patients [5, 6]. Additional signs and symptoms may
include nausea and/or vomiting, stiff neck, a brief loss of
consciousness, or focal neurological deficits (including
cranial nerve palsies).

The mortality rate of aneurysmal SAH is 26–32 %, and the
prognosis is best in patients who present to a medical facility
without any neurological deficits [7]. The chances of rerupture
and deterioration of neurological status are very high in the
initial 7–10 days; hence, the need for a high index of suspicion
to diagnose this entity. A noncontrast head CT scan will aid in
the diagnosis of most cases of SAH (Fig. 1) if performed soon
after the onset of headache. The sensitivity of this study de-
creases with time as the hemoglobin is metabolized and dilut-
ed. The sensitivity is 100% at 6 h but decreases to percentages
in the low 90 s by 24 h and less than 75%within 2–3 days [8].
There have been reports that computed tomographic angiog-
raphy (CTA) or magnetic resonance angiography (MRA)
along with a noncontrast CT scan is sufficiently sensitive to
exclude the presence of a SAH and a lumbar puncture may not
be necessary [8]. A lumbar puncture should be performed
after vascular imaging that shows an aneurysm if the
noncontrast CT scan is negative and the patient is symptom-
atic. A CTscan along with CTA remains the method of choice
because the time frame for imaging is shorter, the detail with
CTA is finer, and the availability is greater. Large-sized
(>12 mm) and medium-sized (7–12 mm) aneurysms are de-
tected by CTA nearly 100 % of the time [9]. The detection rate
for small-sized (<7 mm) and even medium-sized aneurysms
from the anterior circulation near the skull base is 75–98 %
[9]. The development of CTAwith matched mask bone elim-
ination [10] or dual-energy CT angiography [11] has lowered
the radiation dose of a CTangiogram with good sensitivity for

Table 1 Vascular headaches according to the International
Classification of Headache Disorders (ICHD)

1. Headache attributed to ischemic stroke or transient ischemic attack

2. Headache attributed to nontraumatic intracranial hemorrhage

3. Headache attributed to unruptured vascular malformation

4. Headache attributed to arteritis

5. Carotid or vertebral artery pain

6. Headache attributed to cerebral venous thrombosis

7. Headache attributed to other intracranial vascular disorder

For all vascular headaches, the diagnostic criteria include, whenever
possible:

A. Headache with one (or more) of the stated characteristics (if any are
known) and fulfilling criteria C and D

B. Major diagnostic criteria of the vascular disorder

C. The temporal relationship of the association with, and/or other
evidence of causation by, the vascular disorder

D. Improvement or disappearance of headache within a defined period
after its onset or after the vascular disorder has remitted or after its
acute phase

Adapted from reference [1]

Fig. 1 Noncontrast CT scan of the head showing diffuse basal cistern
SAH and enlarged bilateral temporal horns suggestive of hydrocephalus
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detecting cerebral aneurysms. Therefore, patients with a high
clinical suspicion for an aneurysm who have a negative CT
angiogram should undergo conventional 3D rotational digital
subtraction angiography (DSA) [12, 13].

Fluid-attenuated inversion recovery (FLAIR) sequences in
MR imaging demonstrate SAH with high (near 100 %) sensi-
tivity [14] (Fig. 2). The change in T2 induced by red blood
cells and by blood serum protein is sufficient to prevent fluid
suppression in a FLAIR image and thus picks up SAH in
FLAIR imaging, even in cases missed with CT imaging
[15]. It is important to pay special attention to T2-weighted
MR images of the brain and cervical spine to identify T2 flow
voids from abnormal dilated vessels. These would direct fur-
ther imaging to delineate underlying vascular pathology.
Three basic MRA techniques [16] are most commonly used
in a clinical setting: time-of-flight (TOF), phase-contrast, and
3D contrast-enhanced (CE). Contrast administration is not re-
quired for TOF and phase-contrast MR angiography but in-
trinsic problems with these techniques may lead to degrada-
tion of image quality, especially for aneurysm detection. The-
se artifacts are more pronounced in aneurysms that are less
than 5 mm. 3D CEMRA can overcomemany of the problems
encountered with TOF and phase-contrast techniques. Small
aneurysms are likely to be undetected even with CEMRA due
to limited spatial resolution.

The gold standard for aneurysm detection is conventional
cerebral angiography. We perform a four-vessel angiogram
(bilateral ICA and vertebral artery [VA]) with 3D rotational
angiography of the suspect vessel in these patients to exclude
the presence of a cerebral aneurysm and perform a six-vessel
(bilateral ICA, VA, and external carotid artery [ECA]) angio-
gram if the four-vessel study is negative to rule out an

arteriovenous fistula (AVF) in patients with intracranial hem-
orrhage (ICH). If the first angiogram is negative in a patient
with SAH, we repeat the angiogram in 5–7 days, as the hem-
orrhagic event can induce thrombosis of the aneurysm and
make the aneurysm undetectable on the first angiogram [17].

In patients at high risk for treatment because of aneurysm
location, comorbidities, or old age, the risk versus benefit
should be considered carefully. Isolated oculomotor nerve
palsies are classically associated with unruptured posterior
circulation aneurysms [18]. A posterior communicating artery
aneurysm may compress the third nerve in the ambient cistern
and manifest as a mydriatic pupil with a third nerve palsy in
contrast to the third nerve palsy in diabetic patients in which
the pupil is usually spared [19]. Internal carotid artery aneu-
rysms in the cavernous sinus can present with a cavernous
sinus syndrome involving cranial nerve palsies in 61 %,
retrobulbar pain in 23%, and trigeminal pain in 10% of cases.
The mechanism of cranial nerve palsies may include rapid
growth, wall stretching, and abrupt formation of a bleb in
the aneurysm sac and these may indicate an imminent rupture.
In a series of 40 patients presenting with cavernous sinus
syndrome, most treated patients improved or remained stable
after treatment, but none improved without treatment [20].

In patients with unruptured aneurysms whom we decide to
manage conservatively, regular noninvasive angiographic
follow-up with CT angiography or MR angiography annually
for 2–5 years and then every 2–5 years thereafter, control of
hypertension, and cessation of smoking may be beneficial
[21]. Aneurysms that increase in size or change in morpholo-
gy or are associated with symptom progression during follow-
up should be considered for treatment if the risk-benefit ratio
of treatment is favorable [22].

Headaches Associated with Vascular Malformations

The three common vascular malformations associated with
headache are arteriovenous malformations (AVMs), AVFs,
and cavernomas.

AVMs

AVMs are arteriovenous shunts that consist of an abnormal
capillary bed in the subpial space fed by arteries that normally
feed the brain parenchyma and are drained by pial veins. Cor-
tical AVMs involve the cortex, are fed exclusively by cortical
arteries, and drain into superficial veins. These are always
sulcal lesions and sometime referred to as pure pial AVMs.
Cortical-subcortical AVMs are gyral AVMs that recruit corti-
cal arteries and drain into the superficial venous system but
may also drain into deep veins. Corticoventricular AVMs are
the classic pyramidal lesions that are based in the cortex but
reach the ventricles with the apex of the pyramid. These are

Fig. 2 FLAIR MR image showing convexity SAH in the right occipital
region
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fed by both cortical and deep perforating arteries and drain
into both the superficial and deep venous system. Deep-seated
AVMs involve the deep nuclei and recruit deep perforating
arteries exclusively. The arterial and venous connections are
along the long fiber tracts. Choroid plexus AVMs are impor-
tant to recognize, as they are anatomically extracerebral and
accessible to surgical treatment. They are fed by choroidal
arteries and subependymal cortical feeders and drain via ven-
tricular veins.

Contemporary series report less than 50 % of AVMs man-
ifesting with headache and hemorrhage [23]. The average an-
nual risk of rupture of a symptomatic unruptured AVM is
estimated to be 2–4 and 33 % of AVMs manifest with head-
aches [24, 25]. Headaches are more commonly seen in chil-
dren with AVMs. AVMs in occipital locations, those having
transdural supply, venous ectasia, and venous congestion are
more commonly associated with headaches. Venous conges-
tion can be identified by T2 or FLAIR sequences showing
brain edema in the venous territory. A conventional angio-
gram can delineate the transdural supply of the AVM from
the ECA circulation or dilation of the venous outflow to form
venous ectasias. Destabilization of the hemodynamics of an
AVM causes hemorrhage. Features that increase the risk of
future hemorrhage in an AVM are MR imaging evidence of
previous hemorrhage, deep brain location, deep venous drain-
age, presence of an intranidal aneurysm, and restriction of
venous drainage by stenosis or thrombosis [26, 27]. These
features are important to identify, because these AVMs are
more likely to be treated than observed after performing a
thorough risk-benefit analysis in each patient. Small AVMs
are difficult to see on noncontrast CT scans. Larger AVMs
can be seen as hyperdense structures because of pooling of
blood in the AVM or draining veins. A CE CT scan or CTA
may show an abnormal tangle of vessels, feeding artery aneu-
rysm, or enlarged draining veins. 4D time-resolved CTA that

captures multiple volumes of the brain in the arterial venous
phases can demonstrate early filling of venous structures in
the arterial phase of imaging, thus confirming the presence of
an AVM [28••]. T2-weighted MR images show punctate to
linear flow voids in the parenchyma or subarachnoid space
(Fig. 3). TOF and phase-contrast MR angiography may aid
the detection of these lesions but do not detail the
angioarchitecture. This is true only for 4D CE MRA. 3D
contrast-enhanced MRA provides the velocity and direction
of flow through the AVM and can help to confirm the diagno-
sis (Fig. 4). Dynamic MRA, similar to 4D CTA, separates
arterial, capillary, and venous phases to identify and under-
stand AVMs better than standard MRA. However, 4D MRA
has lower spatial resolution than 3D CEMRA and is not ideal
for evaluation of the microstructure.

Conventional six-vessel angiography is essential to con-
f i rm the presence of an AVM and to assess the
angioarchitecture in detail. Increased flow in the arteries

Fig. 3 Sagittal (left) and axial
(right) T2 images of the brain
showing a right frontal AVMwith
hypointense flow voids

Fig. 4 Coronal reconstruction of a dynamic CTA in the later arterial
phase showing a right frontal AVM filling from the right middle
cerebral artery branches with a draining vein to the superior sagittal sinus
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supplying the AVM results in enlargement and tortuosity of
those arteries and the development of feeding artery aneu-
rysms in 10–15 % of cases. Half of the AVMs contain an
enlarged vessel in the nidus denoting an intranidal aneurysm.
Early opacification of the draining vein in the arterial phase is
the hallmark of diagnosis of an AVM or fistula. Parametric
imaging provides a novel approach to displaying an entire
DSA imaging sequence (arterial, capillary, and venous phases
of radiographic contrast filling) as a single composite image.
Early experience with parametric imaging (Fig. 5) suggests
that this technique is especially useful in evaluating AVMs
with a complex flow pattern, such as those with multiple ped-
icles, to distinguish abnormal feeders from normal arteries and
veins [29].

Arteriovenous Fistulas

Dural AVFs are abnormal connections between arteries that
would normally supply the meninges, bone, and muscle and
small venules in the walls of the venous sinuses, but not the
brain. Adult-type dural AVFs are acquired lesions postulated
to be formed after venous sinus thrombosis, recanalization,
and development of AV shunts from neovascularization or
enlargement of preexisting connections in the walls of the
sinus [30]. One third to one half of dural AVFs are found at
the transverse sigmoid junction. Cavernous fistulas are the
second commonest and are classified as direct if they have a
direct connection between the cavernous sinus and the ICA
and indirect if they are fed by multiple ECA branches or dural
branches of the ICA. Dural AVFs are considered aggressive or
malignant when they show cortical or spinal reflux and are
associated with an 8.1 % annual risk of ICH and an annual
mortality of 10.4 % [31]. Direction of venous outflow drain-
age (antegrade vs retrograde) contributes to an understanding
of grading and treatment options [32]. Higher grade lesions
with cortical venous reflex have a higher propensity to present
with headaches or hemorrhagic strokes. A CT scan may show
hyperdense venous thrombosis and MR imaging may show

multiple flow voids around the cavernous sinus or transverse-
sigmoid sinus. 4D CTA or 3D CE MRA may confirm the
presence of an AVF by identifying an early draining vein. In
cases of carotid cavernous fistula, proptosis, enlargement of
the superior ophthalmic vein, and edema of retroorbital fat
may be seen [33]. Conventional six-vessel angiography
is the gold standard for assessing the angioarchitecture
and planning treatment for these lesions [32].

Cavernous Malformation

Cavernous malformations are compact masses of sinusoidal
vessels without intervening brain parenchyma. They are an-
giographically occult and may have a developmental venous
anomaly that is demonstrated by angiography. Familial
cavernomatous malformations are common in Hispanic pop-
ulation and more often are multiple and transmitted by auto-
somal dominant mutations. Most of these lesions are not de-
tectable by CT imaging. They may appear as hyperdense le-
sions with or without calcifications and acute hemorrhage.
MR T2-weighted images, T2-weighted gradient echo (GRE)
sequences (Figs. 6 and 7), and susceptibility-weighted imag-
ing (SWI) sequences are the best sequences for detecting
cavernomas. Cavernomas appear as popcorn lesions
consisting of a reticulated heterogeneous core surrounded by
a hypointense hemosiderin ring. GRE sequences demonstrate
a prominent susceptibility effect (blooming), and SWI se-
quences show more smaller lesions than GRE sequences
[34]. Acute hemorrhage can show surrounding edema on
T2-weighted images. Cavernomas are classified as four types:
I, hyperintense on both T1 and T2 sequences; II (classic),
mixed hyperintense and hypointense core surrounded by a
hypointense core on T2 sequences; III, hypointense on both
T1 and T2 sequences; and IV, hypointense only on GRE and
SWI sequences and these are usually asymptomatic [35]. MR
tractography, especially of the corticospinal tract, may facili-
tate surgical removal of these lesions in periventricular or
brainstem locations by allowing the surgeon to plan safe

Fig. 5 Parametric reconstruction
of a lateral view ICA injection
angiogram. The imaging on the
left shows a posterotemporal
AVM. Parametric imaging of the
same AVM (right) showing
different times-to-peak of contrast
material in different parts of the
AVM coded by different colors
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trajectories that avoid the corticospinal tract in order to ap-
proach these lesions.

The commonest cause of headaches in cavernomas is hem-
orrhage. Hemorrhage in cavernomas can be classified into
intralesional or extralesional. Intralesional hemorrhage occurs
inside the gliotic capsule of the cavernoma, enlarges the
cavernoma by osmotic effect, and is less likely to cause neu-
rological deficits. A weakened capsule with hemodynamic
stress leads to extralesional hemorrhage and has a higher risk
of causing neurological deficits and ICH. Extralesional hem-
orrhage can be differentiated by MR imaging that shows
acute or subacute blood beyond the hemosiderin ring;
cavernomas with extralesional blood may need to be
treated more aggressively [36].

Headache Associated with Cerebral Venous Thrombosis

Cerebral venous thrombosis (CVT) is a rare cause of stroke
(accounting for 0.5 % of all strokes). Prothrombotic situations,
such as oral contraceptive use, malignancy, dehydration, and
inherited thrombophilia, predispose to CVT. The four clinical
syndromes associated with CVT include (1) intracranial hy-
pertension, (2) focal neurological strokes due to edema or
hemorrhage, (3) encephalopathy (altered mental status or de-
creased level of consciousness), or (4) seizures [37]. Headache
is the commonest symptom, affecting 90 % of patients with
CVT [38, 39]. Although making a Bclinical diagnosis^ is dif-
ficult because of the indolent presentation, imaging diagnosis
is easy in most cases, and rapid anticoagulation can be life-
saving in these patients. Imaging is performed to view the
thrombus or the consequences of thrombus in the brain paren-
chyma or venous flow pattern. On CT imaging, acute throm-
bus can be seen as hyperdensity within venous sinuses in 20%
of cases [40••]. There may be indirect signs of CVT, such as
brain edema, hemorrhage, or infarction, that may be detected
by CT imaging although MR imaging may show these better.
CE CT imaging may show a filling defect in the sinus (empty
delta sign) surrounded by intense enhancement of the sinus
wall (Fig. 8). CT venograms show 3D reconstructions of the
venous system that facilitate detection and assess progression
or resolution of CVT with treatment. On MR images, the
presence of hyperintensity within the sinus on a GRE se-
quence in conjunction with hypointensity on the T2 sequence
is indicative of venous patency. Absence of T2 flow void and
hypointensity on GRE sequences is characteristic of CVT
(Fig. 8) [40••]. CE MR imaging and MRA may be employed
similar to CT venography for assessment of CVT. MR has the
advantages of less exposure to radiation and utilizing a safer
contrast agent and allows better assessment of indirect conse-
quences of CVT. 4D CTA and dynamic MRA are useful in
observing the changes in flow pattern that result as a conse-
quence of CVT. Dynamic MR venography has shown a

Fig. 6 T2 fast spin echo (FSE)
axial (left) and T2 gradient echo
(GRE) axial (right) images
showing a right frontal
cavernoma with a mulberry ap-
pearance on FSE imaging and
blooming artifact due to the hem-
orrhage on GRE imaging

Fig. 7 GRE axial sequence showing multiple hypointensities consistent
with blood degradation products. The commonest cause of multiple
hyopintensities in GRE sequences is multiple cavernomas (rarely,
amyloid angiopathy or chronic traumatic encephalopathy is responsible
for such an imaging appearance)
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significantly higher sensitivity for detecting dural venous si-
nus thrombosis when compared to regular TOF MR venogra-
phy [41]. Conventional angiography is currently performed
only for treatment of CVT and not for diagnosis.

Headaches Due to Cervical Artery Dissection

Extracranial carotid artery and vertebral artery dissections,
often referred to as cervical dissection, are an important cause
of stroke in younger patients. The estimated annual incidence
rates are 2–5 cases per 100,000 persons for carotid artery
dissection and 1 case per 100,000 persons for vertebral artery
dissection [42, 43]. Trauma is a frequent cause of cervical
dissection, making a thorough history important in

establishing the correct diagnosis. Although an association
between cervical dissection and cervical manipulative therapy
(chiropractor manipulation) has been established, on the basis
of clinical reports and population-control studies, the 2014
American Heart Association/American Stroke Association
scientific statement concluded there is insufficient evidence
to establish the claim that mechanical forces generated during
such manipulative therapy are the cause of the dissection [44].

Unilateral headache, neck, and jaw pain are the classic
clinical findings, although bilateral distribution of symptoms
from dissections involving bilateral carotid or vertebral arter-
ies has been reported as well [45–47]. Horner’s syndrome
from irritation of the sympathetic fibers of the internal carotid
plexus is suggestive of carotid artery dissection. Ischemic
symptoms can be quite variable, depending on the brain

Fig. 8 Left, contrast axial CT
image showing a filling defect in
the superior sagittal sinus
surrounded by intense contrast
enhancement. Center, GRE axial
image in the same patient
showing hypointensity. Right,
FLAIR axial imaging show
corresponding absence of T2
flow voids

Fig. 9 Angiographic appearance
of carotid artery dissection. Left,
CT angiogram demonstrating a
filling defect (arrows) at the
origin of the ICA, cervical
segment, secondary to a
dissection flap. Hyperdense areas
seen at the carotid bifurcation
represent calcifications
(arrowhead). Center, digital
subtraction angiogram showing
an example of the Bflame^ sign
(arrow) in a case of flow-limiting
cervical ICA dissection. Right,
digital subtraction angiogram
confirming an extensive
dissection of the common carotid
artery with multiple intimal flaps
(arrows)

Curr Pain Headache Rep (2015) 19: 16 Page 7 of 11 16



territory affected. Wallenberg syndrome (lateral medullary
syndrome) is known for its particularly high association with

vertebral artery dissection, which is reported in as many as
30–50 % of lateral medullary syndrome cases [48, 49].

Both CTA and MRA are noninvasive tests that are fre-
quently used in clinical practice to establish the diagnosis of
cervical dissection. Also, when coupled with brain MR imag-
ing, the diffusion-weighted imaging (DWI) sequence allows
excellent recognition of even subtle acute ischemic changes
within the brain. MRA with a fat-suppression sequence (so-
called dissection protocol) allows visualization of an
intraluminal hematoma resulting from an intimal tear on the
axial images. The evolution of blood products within the he-
matoma changes over time, and the appearance of the hema-
toma on the T1- and T2-weighted images can help determine
the timing of when dissection occurred [50]. TOF angiogra-
phy technique allows imaging without the use of gadolinium
contrast. The accuracy of the TOF MRAwith fat-suppressed
T1 images is comparable to CEMRA for detection of cervical
dissection, which can be of value in patients with renal insuf-
ficiency [51]. Depending on the surrounding structures, such

Fig. 10 A case of acute stroke with flow-limiting cervical dissection
treated with carotid stenting. Volume-rendered 3D reconstruction of a
neck CT angiogram demonstrated a filling defect within the proximal
cervical ICA, suspicious for a flow-limiting dissection. Ipsilateral (left)
and contralateral (right) views of 3D-reconstructed image are shown.
Arrows point to the location of the carotid bulb. Arrowheads indicate
the location of the filling defect

Fig. 11 Digital subtraction
angiography from the case
described in Fig. 10 shows a flow-
limiting dissection of the cervical
ICA. Notice the delay in contrast
material flow beyond the
dissected segment during the
early (left) and late (center)
phases of the angiographic run, in
comparison to robust filling of the
external carotid artery branches.
Arrows point to the ICA segments
with contrast stasis. Right, carotid
stenting was performed in this
case, with successful restoration
of blood flow

Fig. 12 Digital subtraction angiogram, ICA injection with oblique lateral
view, in a patient with suspected RCVS. Multiple areas of vessel
narrowing are seen (arrows)
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as the amount of fat tissue, proximity to the venous plexus, or
CSF, the sensitivity of MRA in detecting dissection can be
affected [52].

CTA is marginally better than MRA in detecting fine ana-
tomical features of cervical dissections, such as intimal flaps,
pseudoaneurysms, and high-grade stenosis and might be fa-
vored for detection of vertebral dissections [53]. However, in
many cases, both of these noninvasive approaches provide
complementary information [53]. CTA is typically avoided
in cases of renal insufficiency, pregnancy, or in younger pa-
tients because concerns for an accumulating radiation dose.

Although both CTA and MRA are highly accurate in de-
tecting cervical dissection, DSA remains the gold standard
and should be used for definitive diagnosis when clinically
indicated, especially if endovascular treatment is being con-
sidered [54]. The benefit of DSA should be weighed against
its risks given the invasive nature of this procedure. Typical
radiographic findings of cervical dissection on DSA include
the so-called string sign (an irregular narrow segment of the
affected vessel), the Bflame^ sign (a tapered cutoff of the ves-
sel), and visualization of a false lumen or an intimal flap
(Figs. 9, 10, and 11). Fibromuscular dysplasia, which is fre-
quently associated with spontaneous cervical dissection, can
often be recognized by findings of multiple areas of vessel
dilatation and stenosis.

Headaches Due to Reversible Cerebral Vasoconstriction
Syndrome

The condition of reversible cerebral vasoconstriction syn-
drome (RCVS) is being increasingly recognized in the litera-
ture and can also be referred to as Call-Fleming syndrome,
isolated benign cerebral vasculitis, or postpartum angiopathy
[55]. RCVS frequently occurs during the postpartum period,
and headaches are the most frequent symptom. Although
headaches are frequently sudden and severe at onset and are
often accompanied by nausea, vomiting, or photophobia,
RCVS can also present with gradual insidious headache onset
[56, 57]. Because headaches are a common manifestation of
other conditions, such as central nervous system vasculitis,
and the pattern and characteristics of headache can be nonspe-
cific, CSF analysis and imaging data are necessary to establish
the diagnosis of RCVS [55, 58, 59].

Convexity SAH can be seen in some cases of RCVS. To
differentiate it from aneurysmal SAH, which carries a worse
prognosis and requires a different management strategy, cath-
eter angiography is typically performed [60, 61]. Angiography
shows areas of focal segmental narrowing alternating with
dilatation in RCVS, which resolves on follow-up imaging
(Fig. 12) [62]. Findings on brain CT imaging andMR imaging
can be quite variable and include SAH, parenchymal hemato-
mas, and areas of ischemic infarction and edema [62–64].

Conclusion

Headaches from vascular causes need to be identified and the
vascular causes need to be emergently treated to avoid dire
consequences. This review summarizes the clinical presenta-
tion and imaging evaluation of different vascular causes for
headache. This will serve to guide physicians in identifying
patient with vascular headaches and choosing and interpreting
the necessary imaging studies.
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