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OBJECTIVE. Spontaneous subarachnoid hemorrhage (SAH) typically prompts a search
for an underlying ruptured saccular aneurysm, which is the most common nontraumatic
cause. Depending on the clinical presentation and pattern of SAH, the differential diagnosis
may include a diverse group of causes other than aneurysm rupture.

CONCLUSION. For the purposes of this review, we classify SAH into three main pat-
terns, defined by the distribution of blood on unenhanced CT: diffuse, perimesencephalic, and
convexal. The epicenter of the hemorrhage further refines the differential diagnosis and guides
subsequent imaging. Additionally, we review multiple clinical conditions that can simulate the
appearance of SAH on CT or MRI, an imaging artifact known as pseudo-SAH.

Ithough trauma is the most com-

mon cause of SAH, ruptured sac-

cular aneurysms are the most com-

mon cause of nontraumatic SAH,
accounting for approximately 85% of cases
of spontaneous SAH [1, 2]. Of the remaining
15% of cases, two thirds are due to idiopathic
perimesencephalic hemorrhage, a benign non-
aneurysmal form of SAH that is likely venous
in origin [3, 4]. The remaining cases result
from a wide variety of causes.

SAH can be classified into at least three
distinct patterns by location on initial unen-
hanced CT. Recognizing these patterns facili-
tates the differential diagnosis and refines fur-
ther imaging evaluation. Proper classification
depends on unenhanced CT evaluation within
3 days of symptom onset, because substantial
redistribution occurs thereafter, fundamental-
ly altering the pattern [5]. In the first pattern,
SAH is centered in the suprasellar or central
basal cisterns and extends peripherally in a
diffuse manner. This pattern is characteristic
of saccular aneurysm rupture but may occur
with other entities, such as rupture of a non-
saccular aneurysm or vascular malformation.
In the second pattern, SAH is centered in the
perimesencephalic or low basal cisterns and
does not extend peripherally. This pattern is
characteristic of idiopathic perimesencephal-
ic hemorrhage but results from vertebrobasilar
aneurysm rupture in approximately 5% of cas-
es. Other rare causes of the perimesencephal-
ic pattern include a cervicomedullary junction

tumor, vascular malformation, or acute arte-
rial dissection. In the third pattern, SAH is
localized to the cerebral convexities alone.
This pattern is infrequent, and the differen-
tial diagnosis encompasses a heterogeneous
group of diseases, including reversible cere-
bral vasoconstriction syndrome, cerebral am-
yloid angiopathy (CAA), posterior reversible
encephalopathy syndrome (PRES), cerebral
venous thrombosis (CVT), and other less
common causes. Rarely, a fourth scenario
is encountered, in which no blood is visible
on unenhanced CT and SAH is diagnosed by
lumbar puncture.

Distinct Presentations of
Subarachnoid Hemorrhage as
Reflected by Anatomic Location
Suprasellar Central Cisterns With Diffuse
Peripheral Extension

Characteristically, saccular aneurysms arise
from branch points in the circle of Willis and
produce a large volume of SAH when they
rupture. Accordingly, aneurysmal SAH often
fills the suprasellar, central, anterior, lateral,
posterior, and lower basal cisterns and may
extend to the cerebral sulci. Associated in-
traventricular hemorrhage sometimes occurs,
such as with anterior communicating artery
aneurysms that rupture into the third ventricle
through the lamina terminalis. The epicenter
of SAH occasionally suggests the location of
an underlying ruptured saccular aneurysm. For
example, SAH in the interhemispheric fissure
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suggests an anterior communicating artery an-
eurysm, whereas sylvian fissure SAH suggests
a middle cerebral artery aneurysm. Although
saccular aneurysm rupture is, by far, the most
frequent nontraumatic cause of the diffuse an-
eurysmal pattern, trauma remains the most fre-
quent overall cause of SAH and may produce
a diffuse pattern resembling aneurysmal SAH
in the setting of severe skull base fractures
(Fig. 1) or acute arterial injuries. The differ-
ential diagnosis of diffuse SAH (Table 1) also
includes ruptured nonsaccular aneurysm, arte-
riovenous malformation (AVM), or dural arte-
riovenous fistula (DAVF) (Fig. 2).

Perimesencephalic and Low Basal
Cisterns Only

Ten percent of spontaneous SAH cases are
due to benign venous bleeding known as non-
aneurysmal perimesencephalic hemorrhage
[3] (Fig. 3). In 1985, van Gijn et al. [3] de-
scribed a series of patients with SAH and
normal angiograms who had a predominance
of SAH confined to the cisterns surround-
ing the midbrain. This pattern occurred in 13
of 28 patients with SAH and normal angio-
grams but in only 1 of 92 patients with SAH
and ruptured aneurysms. Subsequent stud-
ies [5, 6] refined the definition of perimesen-
cephalic hemorrhage as follows: first, blood
is centered immediately anterior to the mid-
brain or pons and may variably involve the
interpeduncular, crural, ambient, quadrigem-
inal, prepontine, or carotid cisterns; second,
blood may thinly extend into the suprasellar
cistern and the basal portions of the sylvian
and interhemispheric fissures, but may not
extend into the distal portions of the sylvian
or interhemispheric fissures; and third, small
amounts of blood may sediment in the occipi-
tal horns of the lateral ventricles, but there is
no frank intraventricular hemorrhage.

These criteria apply only to unenhanced
CT obtained within 3 days of symptom on-
set, because redistribution of SAH may con-
siderably alter the initial pattern. In approxi-
mately 95% of cases that meet these criteria,
no aneurysm is found and the clinical course
is favorable, with little to no risk of rebleed-
ing, vasospasm, or symptomatic hydroceph-
alus [3, 7, 8]. The presumed cause is venous
rupture [3, 4]. Only 5% of cases meeting
these criteria are due to ruptured vertebro-
basilar aneurysms [5, 6]. Other rare causes
include posterior fossa and cervical spinal
AVMs, DAVFs, and vascular tumors such
as hemangioblastomas (Fig. 4 and Table 1).
Trauma leading to arterial dissection or ve-
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nous injury at the tentorial margin may also
produce this pattern.

Peripheral Convexal Subarachnoid
Hemorrhage Alone

SAH may be localized to a few sulci of the
cerebral convexities or to one of the sylvian
fissures, without basal cistern or ventricular
involvement. In the absence of trauma, iso-
lated peripheral convexal SAH is rare. The
condition may be underrecognized and has
only recently been described as a distinct
category of disease [9-16], with an estimat-
ed incidence of 7% of all cases of spontane-
ous SAH [14].

In the largest reported series of 29 patients
with nontraumatic isolated convexal SAH
[14], the leading diagnoses were reversible ce-
rebral vasoconstriction syndrome (Fig. 5) and
CAA (Fig. 6). Other reported causes (Table
1) include PRES (Fig. 7), CVT (Fig. 8), in-
fectious causes (Figs. 9 and 10), coagulation
disorders (Fig. 11), and moyamoya disease
[9-11, 13, 14] (Fig. 12). Rare causes include
ruptured superficial vascular malformations,
tumors, and cerebral vasculitis [13, 17-21].
No cause is identified in 14-35% of cases [9,
11, 14]. Ruptured saccular aneurysms of the
circle of Willis are not reported to cause iso-
lated convexal SAH.

There are two main clinical presentations
of convexal SAH, roughly stratified by patient
age [14]. Younger patients (< 60 years old)
are more likely to have reversible cerebral va-
soconstriction syndrome and to present with
sudden severe headache sometimes accom-
panied by neurologic deficits or stroke. Head-
ache characteristics may be indistinguish-
able from those of aneurysmal SAH. Older
patients (> 60 years old) are more likely to
have CAA and to present with transient sen-
sory or motor symptoms, such as numbness,
tingling, or weakness. These symptoms oc-
cur with convexal SAH due to CAA, as well
as other causes [22], and are probably relat-
ed to cortical irritation by blood products in
the subarachnoid space. Headache is another
common clinical feature in this patient group,
but the onset is usually more gradual and
the intensity less severe compared with the
“thunderclap” headache characteristic of an-
eurysmal SAH. Other clinical presentations
of convexal SAH include altered mental sta-
tus, lethargy, confusion, or seizures.

Reversible cerebral vasoconstriction syn-
drome—Reversible cerebral vasoconstriction
syndrome is characterized clinically by the
sudden onset of severe headache, sometimes

accompanied by neurologic deficits, hem-
orrhage, or ischemia. The entity classically
affects young to middle-aged women after
exposure to a trigger, such as vasoactive or
sympathomimetic agents, including migraine
medications, stimulants such as caffeine or
amphetamines, serotonergic antidepressants,
and smoking tobacco or marijuana. Other
triggers include strenuous activity, such as
sexual intercourse or exercise, or bathing in
hot or cold water.

Imaging may initially be normal or may
show isolated convexal SAH (Fig. 5A), pa-
renchymal or subdural hemorrhages, or in-
farcts (ischemic or hemorrhagic) [23-25].
Data from large prospective series suggest
that convexal SAH is the most common early
complication of reversible cerebral vasocon-
striction syndrome, found in approximately
20-25% of cases [23]. The hallmark find-
ing on vascular imaging is segmental vaso-
constriction (Fig. 5B) that resolves spontane-
ously or with supportive treatment, including
removal of triggers and short-term use of cal-
cium channel blockers.

Cerebral amyloid angiopathy—CAA is de-
fined histopathologically by the deposition of
amyloid protein in cortical and leptomeninge-
al vessels. Because establishing a tissue diag-
nosis is invasive, the Boston criteria have been
developed that allow the noninvasive desig-
nations of “possible” or “probable” CAA for
patients older than 50 years who have lobar
hemorrhages or cortical or subcortical micro-
hemorrhages on imaging [26]. Convexal SAH
has been increasingly recognized in associa-
tion with CAA, usually in elderly patients pre-
senting with transient ischemic attack—like
symptoms [14, 16, 27-32]. Acutely, convexal
SAH is best visualized on unenhanced CT or
FLAIR images and may not be visible on gra-
dient-recalled echo or susceptibility-weighted
images. Gradient-recalled echo and suscepti-
bility-weighted images are highly sensitive to
detect prior episodes of convexal SAH, show-
ing low-signal-intensity hemosiderin filling a
sulcus (subarachnoid siderosis) or staining the
underlying cortex (superficial cortical sidero-
sis) [29] (Fig. 6). Accordingly, a modification
to the Boston criteria has been proposed that
would include these findings [30].

Posterior reversible encephalopathy syn-
drome—PRES is a clinical-radiologic entity
most commonly associated with pregnancy-
induced hypertension, eclampsia, severe hy-
pertension of any cause, and the use of the im-
munosuppressive medications cyclosporine
and tacrolimus after solid-organ or allogeneic
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TABLE I: Differential Diagnosis of Subarachnoid Hemorrhage by Pattern of Hemorrhage

Diffuse

Perimesencephalic

Convexal

Trauma

Saccular aneurysm
Nonsaccular aneurysm
Arterial dissection
Vascular malformation
Tumor

Vasculitis

Trauma

Nonaneurysmal perimesencephalic hemorrhage
Saccular aneurysm

Nonsaccular aneurysm

Arterial dissection

Vascular malformation (consider spinal)

Tumor (consider spinal)

Trauma

Reversible cerebral vasoconstriction syndrome
Cerebral amyloid angiopathy

Posterior reversible encephalopathy syndrome
Cerebral venous thrombosis

Septic emboli, septic aneurysm

Coagulopathy

Moyamoya disease

Vascular malformation (superficial)

Tumor

Vasculitis

bone-marrow transplantation. PRES may oc-
cur in a wide variety of other clinical condi-
tions and is sometimes idiopathic. Other com-
mon terms referring to the same entity include
“reversible posterior leukoencephalopathy”
and “hypertensive encephalopathy.” Patients
present with seizures, headache, visual loss,
or altered mental status. PRES is an impor-
tant cause of isolated convexal SAH that has
been recognized in multiple small series and
case reports [9-11, 14, 33-35] (Fig. 7A).

Vasogenic edema involving the subcortical
white matter of the parietal, occipital, or pos-
terior frontal lobes bilaterally, and sometimes
involving the cerebellum, basal ganglia, thala-
mus, or brainstem, is characteristic of PRES
(Fig. 7B). Occasionally, PRES may manifest
as restricted diffusion, enhancement, and hem-
orrhages, including convexal SAH, lobar he-
matomas, and microhemorrhages [36, 37].

Cerebral venous thrombosis—Venous throm-
bosis involving either a cortical vein or dural
venous sinus is an important cause of convexal
SAH [38-40] (Fig. 8). Patients present clinical-
ly with headache, seizures, altered mental sta-
tus, and sequelae of increased intracranial pres-
sure, such as papilledema. Hallmark findings
include the cord sign (i.e., a hyperdense cor-
tical vein on unenhanced CT) and the empty
delta sign (i.e., nonfilling of the superior sag-
ittal sinus on CT venography). Commonly de-
scribed parenchymal findings result from ve-
nous hypertension and include cerebral edema,
parenchymal hemorrhages, and ischemic and
hemorrhagic infarcts. SAH is a relatively un-
common complication, likely resulting from
rupture of thin-walled cortical veins under el-
evated pressure. In this setting, SAH is usually
found within the cerebral convexities or sylvi-
an fissures, sparing the basal cisterns [40].
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Infectious causes—SAH complicates ap-
proximately 1-2% of cases of infectious en-
docarditis. The distribution of SAH is usual-
ly convexal (Fig. 9A) or localized within one
sylvian fissure, but may be diffuse [41] or
may be occult on CT [42]. Patients may have
a history of injection drug use and present
with fever, headache, mental status changes,
and physical examination signs of systemic
emboli. Associated imaging findings include
embolic infarcts (Fig. 9B), microhemorrhag-
es (Figs. 9C and 9D), or microabscesses. Al-
though some cases are secondary to rupture
of septic (mycotic) aneurysms (Fig. 10), an-
giography may be normal. In this case, SAH
may result from focal endarteritis, vessel rup-
ture at the site of embolic occlusion, or occult
septic aneurysm. Brain abscesses in the early
cerebritis stage may also rarely present with
convexal SAH [43].

Coagulopathies—Anticoagulation and co-
agulation disorders such as idiopathic throm-
bocytopenia can also cause isolated convexal
SAH [11, 14]. Complex disorders such as dis-
seminated intravascular coagulation, usually
occurring as a complication of systemic sep-
sis, may also lead to convexal SAH [44] (Fig.
11). SAH in this setting may result from a
systemic cascade of microclot formation, con-
sumption of platelets and clotting factors, small
vessel occlusions, and bleeding manifestations.

Moyamoya disease—Moyamoya (“puff of
smoke” in Japanese) refers to the distinctive
angiographic appearance of collateral lentic-
ulostriate vessels that develop after chronic
stenosis of the intracranial internal carotid ar-
teries and proximal branches of the circle of
Willis. The condition may be congenital (id-
iopathic) or acquired after progressive vascu-
lar occlusion from any cause. Conditions asso-

ciated with moyamoya disease include sickle
cell disease, neurofibromatosis type 1, Down
syndrome, and connective tissue diseases.
Patients present with headaches, hypoperfu-
sion symptoms, transient ischemic attacks, or
strokes and may have infarcts or hemorrhag-
es. With disease progression, transdural and
transosseous pial collaterals from external ca-
rotid artery branches may develop, and these
abnormal fragile collateral vessels may rup-
ture, leading to SAH [45, 46] (Fig. 12). Sac-
cular aneurysms may also form, so associated
aneurysm rupture should be actively excluded
in patients with moyamoya disease and SAH.

Special Cases

There are several rare causes of SAH that
lack specific imaging features on unenhanced
CT and could produce SAH in any anatomic
distribution. These include both vascular and
nonvascular causes. Vascular causes include
vascular malformations and intracranial vas-
culitis. Vascular malformations, such as cav-
ernous malformations, AVMs, and DAVFs,
usually cause hemorrhage into the brain pa-
renchyma or ventricles, but may occasionally
cause isolated SAH in a pattern indistinguish-
able from aneurysm rupture, confined to the
cerebral convexities, or within a perimesen-
cephalic distribution. Rarely, a spinal vascu-
lar malformation causes SAH [19]. Intracra-
nial vasculitis can be due to primary angiitis
of the CNS or secondary to systemic vasculi-
tis or connective tissue diseases, and typical-
ly presents with infarcts, parenchymal hem-
orrhages, nonspecific white matter lesions,
or enhancing areas. SAH in a convexal or
diffuse distribution is a rare presentation of
intracranial vasculitis [17, 18]. Nonvascular
causes include intraaxial and extraaxial tumors.
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There are rare reports of meningiomas [21], in-
filtrating gliomas [47], and angiolipomas [20]
presenting with SAH. Pituitary apoplexy is an-
other rarely reported cause of SAH [2].

Pathologic Entities and Imaging
Artifacts That Mimic Subarachnoid
Hemorrhage

Several conditions can produce the false
appearance of SAH on CT or MRI, known as
pseudo-SAH (Table 2). The causes of pseu-
do-SAH include nonhemorrhagic subarach-
noid space pathologic abnormalities, such as
meningitis and leptomeningeal carcinomato-
sis, and imaging artifacts occurring in the ab-
sence of subarachnoid space abnormality.

Pathologic Abnormalities Affecting the
Subarachnoid Space

Acute bacterial leptomeningitis results in
disruption of the blood-brain barrier (BBB)
and leakage of proteins into the CSF. In severe
cases, the increase in CSF protein concentra-
tion may be sufficient to cause increased CSF
attenuation on CT, giving the false appearance
of SAH [48]. Elevated CSF protein concentra-
tion also decreases the T1 relaxation time of
CSF and creates hyperintense CSF on FLAIR
images, mimicking SAH [49, 50]. A similar
increase in CSF signal intensity on FLAIR
images has been described in leptomeningeal
carcinomatosis [50, 51], also likely related to
elevated CSF protein concentration.

Imaging Artifacts on CT

Patients with anoxic encephalopathy (Fig.
13) sometimes exhibit diffuse hyperdensi-
ty within the basal cisterns and subarachnoid
spaces on CT, without SAH detected by lum-
bar puncture or autopsy [52, 53]. Pseudo-SAH
in this situation results from a combination of
diffuse cerebral edema, resulting in decreased
attenuation of brain parenchyma, effacement
of the subarachnoid spaces, and engorgement
of venous structures on the pial surfaces. The
apparent high attenuation of the subarachnoid
spaces is largely perceptual, and the actual CT
attenuation values within the basal cisterns
measure lower than expected for blood prod-
ucts [53].

Marder et al.

Spontaneous intracranial hypotension is re-
ported to produce pseudo-SAH on CT, occur-
ring in 10% of 40 consecutive patients in one
series [54]. The characteristic CT findings in-
clude increased attenuation of the tentorium,
basal cisterns, and sylvian fissures, corre-
sponding to MRI findings of pachymeningeal
tentorial enhancement and obliteration of the
basal cisterns and sylvian fissures due to brain
sagging. Subdural fluid collections were pres-
ent in each case, and the authors speculate that
two previously published reports that describe
subdural hematomas as a cause of pseudo-
SAH were likely unrecognized cases of spon-
taneous intracranial hypotension.

latrogenic causes of pseudo-SAH on CT in-
clude recently administered intrathecal or IV
contrast material. Hyperdense subarachnoid
material over the convexities resembling
convexal SAH is sometimes found on unen-
hanced CT obtained after endovascular proce-
dures, including aneurysm coiling (Fig. 14)
and stroke intervention [55, 56]. The presumed
mechanism is contrast material extravasation
in areas of BBB breakdown related to hyper-
perfusion injury [56] or subclinical ischemia
resulting from temporary vessel occlusion by
microcatheters or balloon inflation [55]. Dif-
ferentiating postprocedural contrast extrava-
sation from SAH is important because it may
affect patient treatment. Extravasated contrast
material typically clears within several hours
[56], helping to confirm the diagnosis.

Imaging Artifacts on MRI

FLAIR imaging is sensitive to both acute
and subacute SAH, making it a viable alter-
native when CT is equivocal. Several clini-
cal conditions, however, can mimic SAH
on FLAIR imaging. Patients receiving gen-
eral anesthesia for MRI may have diffuse
FLAIR signal hyperintensity in the basal cis-
terns and cerebral sulci, a finding originally
thought to be an effect of inhaled anesthetic
agents, but later shown to result from the T1-
shortening effects of the administration of
100% oxygen [57-59] (Fig. 15).

CSF pulsation artifact can also produce
FLAIR signal hyperintensity in the ventri-
cles or subarachnoid spaces that may mim-

TABLE 2: Differential Diagnosis of Pseudo-Subarachnoid Hemorrhage

ic SAH. The artifact is caused by the inflow
of nonnulled CSF in areas of high CSF flow
rate, typically in the cervical or thoracic spi-
nal canal, the third or fourth ventricles, cere-
bral aqueduct, and just superior to the fora-
men of Monro. Occasionally, CSF pulsation
artifact interferes with evaluation of the basal
cisterns in the posterior fossa. Cross-referenc-
ing with coronal and sagittal imaging planes
or with faster sequences, such as gradient-re-
called echo or true fast imaging with steady-
state precession, is helpful [60].

An even more troublesome artifact relates
to patient motion on single-shot fast spin-
echo FLAIR images, a sequence reserved for
moving patients. In this scenario, head dis-
placement between the inversion and acqui-
sition pulses may result in areas of nonnulled
CSF in regions not associated with high CSF
pulsatile flow, such as in the sulci overlying
the frontal convexities [61]. The artifactual
nature of the hyperintense CSF FLAIR sig-
nal may be difficult to appreciate, because
the images may otherwise appear free of mo-
tion artifact. Increasing the inversion pulse
section width or using a non—section-selec-
tive initial inversion pulse can help to reduce
the artifact [61].

Pseudo-SAH on MRI has been increasingly
reported in conditions associated with altered
perfusion and BBB disruption, including acute
ischemic stroke [62] and after carotid artery
stenting [63] or balloon test occlusion [64]. The
hyperintense acute reperfusion marker refers to
hyperintense CSF signal on FLAIR imaging,
found in association with compromised perfu-
sion or hyperperfusion syndromes and caused
by leakage of small amounts of gadolinium-
based contrast material through a compro-
mised BBB [65]. In one study, small quantities
of gadolinium-based contrast material were
isolated from the CSF of patients with hyper-
intense acute reperfusion marker, and phantom
studies showed that the detected gadolinium-
based contrast material concentrations pro-
duced enhancement on FLAIR images, where-
as 10-fold higher concentrations were needed
for enhancement on T1-weighted images [65].
Leakage of gadolinium-based contrast material
has also been associated with pseudo-SAH on

Subarachnoid Space Pathology

CT Artifacts

MRI Artifacts on FLAIR

Meningitis
Leptomeningeal carcinomatosis

latrogenic

Anoxic encephalopathy

Spontaneous intracranial hypotension

Supplemental oxygen

CSF pulsation

Patient motion on single-shot technique

Gadolinium-based contrast material leak (particularly with renal failure or
disrupted blood-brain barrier)
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FLAIR images in patients with renal failure, in
patients receiving high concentrations of gad-
olinium-based contrast material, and in seem-
ingly healthy patients with intact renal function
and an intact BBB [66].

Imaging Protocols

Unenhanced CT is the best initial test for
patients clinically suspected to have SAH.
When unenhanced CT findings are positive,
or when clinical suspicion for aneurysm rup-
ture is high, CT angiography (CTA) or digital
subtraction angiography (DSA) is performed
to exclude underlying saccular aneurysm. In
some institutions, DSA may be repeated if
findings are negative. The imaging evaluation
of diffuse SAH is shown schematically in Fig-
ure 16A. Nonaneurysmal causes of SAH are
also usually diagnosed by this standard work-
up for aneurysmal SAH, but MRI may be
needed in select cases to exclude rare causes
such as tumors.

Perimesencephalic Pattern of
Subarachnoid Hemorrhage

Velthuis et al. [5] showed that if unen-
hanced CT was performed within 3 days of
symptom onset and strict criteria were fol-
lowed for defining a perimesencephalic dis-
tribution of blood, a high-quality CTA was
sufficient to accurately identify the 5% of pa-
tients harboring a vertebrobasilar aneurysm,
without the need for DSA and its inherent
risks. These findings have been reproduced
in several studies [12, 67-69] and are sup-
ported by a theoretic decision analytic model
that concluded that, in order for DSA to be
the preferred imaging strategy, the complica-
tion rate of catheter angiography would need
to be less than 0.2% [70]. Nonetheless, insti-
tutional practices vary widely regarding im-
aging protocols for evaluating SAH, which
may be partially informed by differences in
image postprocessing techniques used for
CTA reconstruction. The imaging evaluation
of perimesencephalic hemorrhage is shown
schematically in Figure 16B.

An additional issue is whether radiologists
can accurately identify patients with a perimes-
encephalic hemorrhage pattern on unenhanced
CT in whom aneurysms might be safely ex-
cluded by CTA alone. Although earlier studies
[5, 6] reported excellent interobserver agree-
ment, a recent study found only good inter- and
intraobserver agreement in characterizing the
perimesencephalic hemorrhage pattern [71].
The authors suggest that sufficient disagree-
ment may exist to warrant caution in deciding
to withhold angiography in these patients.
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Convexal Subarachnoid Hemorrhage Alone

MRI may be an appropriate test in some
patients presenting with isolated convexal
SAH [10, 13], particularly to confirm a diag-
nosis of PRES or CAA. CVT may be seen on
MRI but is typically confirmed by CT or MR
venography. Peripheral SAH involving the
sylvian fissures should probably be evaluat-
ed similarly to diffuse SAH, so as to exclude
middle cerebral artery bifurcation aneu-
rysms or septic aneurysms, which typically
arise more distally than saccular aneurysms.
Patients with signs of infection and convex-
al SAH on unenhanced CT may have septic
emboli on MRI, but vascular imaging with
CTA, MR angiography, or DSA may help ex-
clude septic aneurysms. Most other patients
with convexal SAH should undergo vascular
imaging to evaluate for reversible cerebral
vasoconstriction syndrome, vasculitis or oth-
er vasculopathies, small peripheral vascular
malformations, or thrombosed veins [12].
Particular attention on these studies to high-
er order branches of the vascular tree is war-
ranted to exclude such entities. The imaging
evaluation of convexal SAH is shown sche-
matically in Figure 16C.

No Visible Blood on CT

Patients presenting with sudden severe
headache who are clinically suspected to
have a saccular aneurysm but who have nor-
mal findings on unenhanced CT at the time
of presentation should undergo delayed lum-
bar puncture to analyze for the presence of
blood degradation products in the CSF [2,
72]. A delay of 12 hours from symptom onset
is required to distinguish true xanthochromia
from a traumatic tap. Patients in whom xan-
thochromia is detected should undergo CTA
to evaluate for a saccular aneurysm. Just as
for the perimesencephalic hemorrhage pat-
tern, multiple studies have reported that CTA
is sufficient to exclude an aneurysm in cases
where no blood is visible on CT, without ex-
posing the patient to the risks of DSA [12,
67-69]. Before the advent of high-quality
CTA, it was argued that repeat DSA was not
needed in these cases [3]. At many institu-
tions, however, DSA is still performed after
negative CTA on clinical grounds. The imag-
ing evaluation of SAH with no visible blood
on unenhanced CT is shown schematically in
Figure 16D.

Conclusion

Saccular aneurysm rupture is the most
common cause of SAH that diffusely fills the
suprasellar and central basal cisterns and ex-

tends peripherally to the cerebral convexi-
ties. However, saccular aneurysm rupture is
an uncommon cause of SAH confined to the
perimesencephalic cisterns and is not a typ-
ical cause of SAH confined to the cerebral
convexities. Accordingly, the imaging find-
ings on initial unenhanced CT can help focus
the differential diagnosis and guide the sub-
sequent imaging evaluation.
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Fig. 1—43-year-old man with severe trauma.
Unenhanced CT shows extensive subarachnoid

as the sole diagnostic examination for excluding
aneurysms in patients with perimesencephalic

A

tive scan? J Neurol Neurosurg Psychiatry 1995;
58:357-359

Fig. 2—51-year-old man with history of hypertension and tobacco use who awoke from sleep with worst
headache of his life.
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hemorrhage in central pattern, filling suprasellar
(ss) and central cisterns, sylvian (Sy) and
interhemispheric (i) fissures, and cerebral sulci, with
associated hydrocephalus. Maxillofacial CT (not
shown) showed fractures of sphenoid bone.

A and B, Unenhanced CT (A) shows subarachnoid hemorrhage in interhemispheric fissure (i), bilateral
sylvian fissures (Sy), and bilateral cerebral convexities. Rounded density in right inferior frontal lobe (arrow,
A) corresponds to dilated draining veins visible on digital subtraction angiography (DSA) (arrow, B) and CT
angiography (not shown). DSA (left external carotid artery injection, lateral projection) (B) shows tangle of
vessels near cribriform plate supplied by internal maxillary and middle meningeal arteries and drained by
parasagittal cortical veins, consistent with dural arteriovenous fistula.
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Fig. 3—58-year-old man with headache. Unenhanced
CT axial image obtained on day of presentation
shows subarachnoid hemorrhage concentrated
ininterpeduncular cistern (ip), characteristic of
nonaneurysmal perimesencephalic hemorrhage.
There was no extension to anterior or lateral cisterns,
convexities, or ventricular system. CT angiography,
digital subtraction angiography (DSA), and delayed
repeat DSA (not shown) were normal with no
evidence of aneurysm.

A

Marder et al.

A

Fig. 4—55-year-old man with worst headache of his life, nausea, vomiting, and neck stiffness.

A, Unenhanced CT shows subarachnoid hemorrhage (SAH) filling cerebellomedullary cistern (cm). There was
no SAH in central or suprasellar cisterns, but fourth ventricle was distended with blood (not shown), indicating
cause other than benign idiopathic perimesencephalic hemorrhage.

B, Digital subtraction angiography (left vertebral artery injection, transfacial projection) shows faint abnormal
blush of contrast at C1-C2 junction (arrow). This corresponded to homogeneously enhancing mass at
cervicomedullary junction on MRI (not shown), proven to be hemangioblastoma.

Fig. 5—56-year-old woman with thunderclap headache accompanied by nausea and vomiting that began while

swimming in hot springs.

A, Unenhanced CT shows bilateral frontal convexal subarachnoid hemorrhage. CT angiography and digital
subtraction angiography (DSA) were initially normal (data not shown), but 5 days later DSA showed diffuse
segmental vasoconstriction involving multiple vascular territories.

B, DSA atday 5 (left vertebral artery injection) shows segmental vasoconstriction in posterior cerebral artery
branches bilaterally, consistent with reversible cerebral vasoconstriction syndrome.

32

Fig. 6—60-year-old man found unconscious in his
home. Gradient-recalled echo MRI shows marked
diffuse cortical superficial siderosis (thick solid
arrow), subarachnoid siderosis (thin solid arrow), and
microhemorrhages (dashed arrow). Lobar hematomas
were also present (not shown). Probable cerebral
amyloid angiopathy with supporting pathology (from
evacuated hematoma) was diagnosed using Boston
criteria (see text).
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Fig. 7—69-year-old woman with history of migraine
headaches who presented with severe headache
for 1 day, accompanied by seizure and hypertensive
emergency.

A, Unenhanced CT shows left parietal convexal
subarachnoid hemorrhage (arrow).

B, FLAIR MRI shows hilateral occipital subcortical
white matter areas of signal hyperintensity (arrows),
consistent with posterior reversible encephalopathy
syndrome. There was no associated diffusion
restriction (not shown).

Fig. 8—68-year-old man with headache for several days and abrupt onset of left-sided weakness and seizure.

A, Unenhanced CT shows moderate subarachnoid hemorrhage filling right sylvian fissure (arrow) and scattered within sulci of right cerebral convexity.

B, Unenhanced CT at more superior level shows hyperdense cord sign (arrow).

C, CT venogram shows filling defects in corresponding right cortical veins (arrow) and superior sagittal sinus, consistent with cortical venous and dural sinus thrombosis.
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C D

Fig. 9—44-year-old woman with history of injection drug use, now with fevers and altered mental status.

A, Unenhanced CT shows multifocal convexal subarachnoid hemorrhage (arrow); additional foci are not shown.
B, Four days later, she developed expressive aphasia, and repeat unenhanced CT shows new left frontoparietal
acute infarct (arrow). Transesophageal echocardiogram revealed vegetations on mitral valve.

C and D, Gradient-recalled echo MRI shows foci of low signal intensity and blooming artifact (arrows) at
locations of convexal subarachnoid hemorrhage and acute infarct, consistent with septic emboli secondary to
infectious endocarditis.
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Fig. 11—56-year-old woman with history of acute

Fig. 10—54-year-old man with history of aortic valve replacement for bicuspid aortic valve, now taking myelogenous leukemia admitted for neutropenic
warfarin (Coumadin, Bristol-Myers Squibb), who presented with worsening headache and blurry vision. One fever and pneumonia, now unresponsive.

month earlier he had spontaneous intra-parenchymal hemorrhage (IPH) with negative workup. Unenhanced CT shows multifocal convexal

A, Unenhanced CT shows right frontal convexal subarachnoid hemorrhage (arrow) and encephalomalacia at subarachnoid hemorrhage (arrow); additional foci
location of prior left occipital IPH. are not shown. Patient died soon after scan because
B, CT angiography (not shown) and digital subtraction angiography, which was normal 1 month earlier (not of multiorgan failure secondary to disseminated
shown), show bilobed pseudoaneurysm (arrow) arising from frontopolar branch of right middle cerebral artery, intravascular coagulation.

consistent with septic (mycotic) aneurysm.

=
o

Fig. 13—50-year-old woman who was strangled by

Fig. 12—35-year-old woman with severe bilateral headache and history of stroke. her husband. Unenhanced CT shows diffuse low

A, Unenhanced CT shows convexal subarachnoid hemorrhage in parasagittal convexities bilaterally. attenuation with loss of gray-white differentiation,
B, Digital subtraction angiography (rightinternal carotid artery [ICA] injection, anteroposterior projection) effacement of cerebral sulci, and hyperdense
shows high-grade stenosis of right supraclinoid ICA, near-complete occlusion of M1 and A1 segments, appearance of subarachnoid spaces (arrows),

and collateral filling of distal middle cerebral artery and anterior cerebral artery segments via pial surface consistent with pseudo—subarachnoid hemorrhage
collaterals and superficial temporal artery, consistent with moyamoya disease. due to anoxic encephalopathy. Diagnosis was

supported by focal lenticular low attenuation in basal
ganglia bilaterally (not shown).
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Fig. 14—70-year-old
woman immediately
after stenting and
occlusion of right
internal carotid artery
aneurysm. Unenhanced
CT obtained routinely
shows hyperdensity
in subarachnoid
space overlying right
frontal convexity,
with associated sulcal
effacement. Patient
complained only

of transient finger
numbness. These
findings persisted at
4 hours butresolved
completely at 24 hours
(not shown) and likely
represent extravasated
iodinated contrast
material.
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Fig. 15—58-year-old
man with history of
lung cancer and new-
onset lower extremity
weakness. FLAIR MRI
shows sulcal areas of
signal hyperintensity in
parietal and occipital
lobes, more on left side
(arrow). Corresponding
areas on unenhanced
CT same day (not
shown) revealed no
subarachnoid
hemorrhage (SAH).
Findings on MRl were
attributed to high-
flow oxygen therapy
mimicking SAH.

Fig. 16—Imaging approach to nontraumatic
subarachnoid hemorrhage (SAH) by pattern of
hemorrhage on unenhanced CT.
A-D, Schematic diagrams illustrate stepwise
approach to diagnostic testing. Arrows denote
transitions to nextimaging steps after negative
test. Dark gray boxes indicate standard steps,
whereas light gray boxes indicate optional steps.
Diffuse or central cistern pattern (A)is classic
for aneurysmal SAH, and workup is directed at
excluding saccular aneurysm rupture. Algorithm
for low basal cisterns (B) applies to cases in which
strict criteria for perimesencephalic hemorrhage
have been met (see text). Otherwise, algorithm
for diffuse SAH applies. With convexal SAH (C),
compared with other patterns, brain MRI has more
fundamental role and may be performed as initial
test. CAA = cerebral amyloid angiopathy, CTA=CT
angiography, CVT = cerebral venous thrombosis,
DSA =digital subtraction angiography, MRA =
MR angiography, PRES = posterior reversible
encephalopathy syndrome, RCVS = reversible
cerebral vasoconstriction syndrome.

(Fig. 16 continues on next page)
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Fig. 16 (continued)—Imaging approach to
nontraumatic subarachnoid hemorrhage (SAH) by
pattern of hemorrhage on unenhanced CT.

A-D, In cases of no visible blood (D), vascularimaging
is performed only if xanthochromia is found on
delayed lumbar puncture. CAA = cerebral amyloid
angiopathy, CTA=CT angiography, CVT = cerebral
venous thrombosis, DSA = digital subtraction
angiography, MRA = MR angiography, PRES =
posterior reversible encephalopathy syndrome,
RCVS =reversible cerebral vasoconstriction
syndrome.
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