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Variant: 1 Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.

Procedure Appropriateness Category Relative Radiation Level

Arteriography cervicocerebral Usually Appropriate (DISIS)
CTA head with IV contrast Usually Appropriate (BISIS)
MRA head without IV contrast May Be Appropriate O

US duplex Doppler carotid artery Usually Not Appropriate

US duplex Doppler transcranial Usually Not Appropriate @]
MRA head with IV contrast Usually Not Appropriate @]
MRA head without and with IV contrast Usually Not Appropriate O
MRA neck with IV contrast Usually Not Appropriate @]
MRA neck without and with IV contrast Usually Not Appropriate @]
MRA neck without IV contrast Usually Not Appropriate O
MRI head perfusion with IV contrast Usually Not Appropriate @]
MRI head with IV contrast Usually Not Appropriate @]
MRI head without and with IV contrast Usually Not Appropriate @]
MRI head without IV contrast Usually Not Appropriate O
MRV head with IV contrast Usually Not Appropriate @]
MRV head without and with IV contrast Usually Not Appropriate @]
MRV head without IV contrast Usually Not Appropriate O

CT head perfusion with IV contrast Usually Not Appropriate (BISIS)
CT head with IV contrast Usually Not Appropriate (BISIS)
CT head without and with IV contrast Usually Not Appropriate (BISIS)
CT head without IV contrast Usually Not Appropriate A®
CTA neck with IV contrast Usually Not Appropriate (DISIS)
CTV head with IV contrast Usually Not Appropriate (BIBIB)

Variant: 2 Suspected cerebral vasospasm. Initial imaging.

Procedure Appropriateness Category Relative Radiation Level
Arteriography cervicocerebral Usually Appropriate (BISIS)
CTA head with IV contrast Usually Appropriate (BISIS)
US duplex Doppler transcranial May Be Appropriate O
MRI head perfusion with IV contrast May Be Appropriate O
MRI head without IV contrast May Be Appropriate O
CT head perfusion with IV contrast May Be Appropriate (DISIS)
CT head without IV contrast May Be Appropriate (BISIS)
US duplex Doppler carotid artery Usually Not Appropriate O
MRA head with IV contrast Usually Not Appropriate @]
MRA head without and with IV contrast Usually Not Appropriate O
MRA head without IV contrast Usually Not Appropriate O




MRA neck with IV contrast Usually Not Appropriate O
MRA neck without and with IV contrast Usually Not Appropriate @]
MRA neck without IV contrast Usually Not Appropriate O
MRI head with IV contrast Usually Not Appropriate @]
MRI head without and with IV contrast Usually Not Appropriate @]
MRV head with IV contrast Usually Not Appropriate @]
MRV head without and with IV contrast Usually Not Appropriate @]
MRV head without IV contrast Usually Not Appropriate O
CT head with IV contrast Usually Not Appropriate (BISIB)
CT head without and with IV contrast Usually Not Appropriate (BISIS)
CTA neck with IV contrast Usually Not Appropriate (BISIS)
CTV head with IV contrast Usually Not Appropriate @EED

Variant: 3 Known cerebral aneurysm; untreated. Surveillance monitoring.

Procedure Appropriateness Category Relative Radiation Level
MRA head without IV contrast Usually Appropriate 0]
CTA head with IV contrast Usually Appropriate BEE
Arteriography cervicocerebral May Be Appropriate QADEE
MRA head with IV contrast May Be Appropriate (Disagreement) 0]
MRA head without and with IV contrast May Be Appropriate o]
US duplex Doppler carotid artery Usually Not Appropriate 0]
US duplex Doppler transcranial Usually Not Appropriate 0]
MRA neck with IV contrast Usually Not Appropriate 0]
MRA neck without and with IV contrast Usually Not Appropriate O
MRA neck without IV contrast Usually Not Appropriate O
MRI head perfusion with IV contrast Usually Not Appropriate 0]
MRI head with IV contrast Usually Not Appropriate o]
MRI head without and with IV contrast Usually Not Appropriate 0]
MRI head without IV contrast Usually Not Appropriate 0]
MRV head with IV contrast Usually Not Appropriate 0]
MRV head without and with IV contrast Usually Not Appropriate O
MRV head without IV contrast Usually Not Appropriate O
CT head perfusion with IV contrast Usually Not Appropriate BEE
CT head with IV contrast Usually Not Appropriate BEE
CT head without and with IV contrast Usually Not Appropriate @DEE
CT head without IV contrast Usually Not Appropriate BEE
CTA neck with IV contrast Usually Not Appropriate BEE
CTV head with IV contrast Usually Not Appropriate BEE

Variant: 4 Known cerebral aneurysm; previously treated. Surveillance monitoring.

Procedure Appropriateness Category Relative Radiation Level
Arteriography cervicocerebral Usually Appropriate QAEE
MRA head without and with IV contrast Usually Appropriate 0]
MRA head without IV contrast Usually Appropriate O




CTA head with IV contrast Usually Appropriate QAEE
MRA head with IV contrast May Be Appropriate (Disagreement) 0]
US duplex Doppler carotid artery Usually Not Appropriate 0]
US duplex Doppler transcranial Usually Not Appropriate ]
MRA neck with IV contrast Usually Not Appropriate 0]
MRA neck without and with IV contrast Usually Not Appropriate 0]
MRA neck without IV contrast Usually Not Appropriate @]
MRI head perfusion with IV contrast Usually Not Appropriate ]
MRI head with IV contrast Usually Not Appropriate 0]
MRI head without and with IV contrast Usually Not Appropriate 0]
MRI head without IV contrast Usually Not Appropriate ]
MRV head with IV contrast Usually Not Appropriate 0]
MRV head without and with IV contrast Usually Not Appropriate 0]
MRV head without IV contrast Usually Not Appropriate O
CT head perfusion with IV contrast Usually Not Appropriate GADEE
CT head with IV contrast Usually Not Appropriate BEE
CT head without and with IV contrast Usually Not Appropriate BEE
CT head without IV contrast Usually Not Appropriate QBEE
CTA neck with IV contrast Usually Not Appropriate AEE
CTV head with IV contrast Usually Not Appropriate BEE

Variant: 5 High-risk cerebral aneurysm screening.

Procedure Appropriateness Category Relative Radiation Level

MRA head without IV contrast Usually Appropriate @]
CTA head with IV contrast Usually Appropriate A®
US duplex Doppler carotid artery Usually Not Appropriate @]

US duplex Doppler transcranial Usually Not Appropriate O
Arteriography cervicocerebral Usually Not Appropriate (BISIS)
MRA head with IV contrast Usually Not Appropriate @]
MRA head without and with IV contrast Usually Not Appropriate

MRA neck with IV contrast Usually Not Appropriate @]
MRA neck without and with IV contrast Usually Not Appropriate O
MRA neck without IV contrast Usually Not Appropriate @]
MRI head perfusion with IV contrast Usually Not Appropriate @]
MRI head with IV contrast Usually Not Appropriate O
MRI head without and with IV contrast Usually Not Appropriate @]
MRI head without IV contrast Usually Not Appropriate @]
MRV head with IV contrast Usually Not Appropriate @]
MRV head without and with IV contrast Usually Not Appropriate O
MRV head without IV contrast Usually Not Appropriate @]

CT head perfusion with IV contrast Usually Not Appropriate (BISIB)
CT head with IV contrast Usually Not Appropriate SISIS)
CT head without and with IV contrast Usually Not Appropriate (DISIS)
CT head without IV contrast Usually Not Appropriate (BISIB)




CTA neck with IV contrast

Usually Not Appropriate

®O®

CTV head with IV contrast

Usually Not Appropriate

®O®

Variant: 6 Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.

Procedure Appropriateness Category Relative Radiation Level

Arteriography cervicocerebral Usually Appropriate (BISIB)
MRA head with IV contrast Usually Appropriate O
MRA head without and with IV contrast Usually Appropriate @]
MRA head without IV contrast Usually Appropriate @]
CTA head with IV contrast Usually Appropriate (BIBIS)
MRI head without and with IV contrast May Be Appropriate O
MRI head without IV contrast May Be Appropriate

US duplex Doppler carotid artery Usually Not Appropriate O

US duplex Doppler transcranial Usually Not Appropriate O
MRA neck with IV contrast Usually Not Appropriate @]
MRA neck without and with IV contrast Usually Not Appropriate @]
MRA neck without IV contrast Usually Not Appropriate @]
MRI head perfusion with IV contrast Usually Not Appropriate O
MRI head with IV contrast Usually Not Appropriate @]
MRV head with IV contrast Usually Not Appropriate O
MRV head without and with IV contrast Usually Not Appropriate O
MRV head without IV contrast Usually Not Appropriate @]

CT head perfusion with IV contrast Usually Not Appropriate (DISIB)
CT head with IV contrast Usually Not Appropriate (BIBISB)
CT head without and with IV contrast Usually Not Appropriate A®
CT head without IV contrast Usually Not Appropriate (DISIS)
CTA neck with IV contrast Usually Not Appropriate (BISIB)
CTV head with IV contrast Usually Not Appropriate (BISIS)

Variant: 7 Suspected central nervous system (CNS) vasculitis. Initial imaging.

Procedure Appropriateness Category Relative Radiation Level

MRA head without IV contrast Usually Appropriate @]
MRI head without and with IV contrast Usually Appropriate @]
MRI head without IV contrast Usually Appropriate @]
Arteriography cervicocerebral May Be Appropriate DISIS)
CTA head with IV contrast May Be Appropriate (DISIS)
US duplex Doppler carotid artery Usually Not Appropriate @]

US duplex Doppler transcranial Usually Not Appropriate

MRA head with IV contrast Usually Not Appropriate @]
MRA head without and with IV contrast Usually Not Appropriate @]
MRA neck with IV contrast Usually Not Appropriate @]
MRA neck without and with IV contrast Usually Not Appropriate O
MRA neck without IV contrast Usually Not Appropriate @]
MRI head perfusion with IV contrast Usually Not Appropriate @]




MRI head with IV contrast Usually Not Appropriate O
MRV head with IV contrast Usually Not Appropriate @]
MRV head without and with IV contrast Usually Not Appropriate O
MRV head without IV contrast Usually Not Appropriate @]
CT head perfusion with IV contrast Usually Not Appropriate @EED
CT head with IV contrast Usually Not Appropriate (BISIB)
CT head without and with IV contrast Usually Not Appropriate (BISIS)
CT head without IV contrast Usually Not Appropriate (BISIS)
CTA neck with IV contrast Usually Not Appropriate (BISIB)
CTV head with IV contrast Usually Not Appropriate (BISIS)
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Summary of Literature Review

Introduction/Background

Cerebrovascular diseases encompass broad and varied clinical presentations and disease
processes. This topic will focus on clinical presentations based on aneurysms, vascular
malformations, subarachnoid hemorrhage (SAH), and related cerebrovascular abnormalities, such
as vasospasm and central nervous system (CNS) vasculitis. For discussion regarding the
presentation of SAH and appropriate imaging, please see the ACR Appropriateness Criteria® topic
on "Headache” [1]. For potential SAH in the setting of head trauma, please see the ACR
Appropriateness Criteria® topic on "Head Trauma” [2]. The subset of cerebrovascular diseases and
presentations are also broad and varied; therefore, the introduction and background of each
variant will be discussed individually.

For discussion of cerebrovascular diseases related to stroke, stroke-related conditions, or
intraparenchymal hemorrhage, please see the ACR Appropriateness Criteria® topic on
"Cerebrovascular Disease-Stroke and Stroke-Related Conditions” that will be made available on the
ACR website when completed.

Special Imaging Considerations

For the purposes of distinguishing between CT and CT angiography (CTA), ACR Appropriateness
Criteria topics use the definition in the ACR-NASCI-SIR-SPR Practice Parameter for the
Performance and Interpretation of Body Computed Tomography Angiography (CTA) [3]:

"CTA uses a thin-section CT acquisition that is timed to coincide with peak arterial or venous
enhancement. The resultant volumetric dataset is interpreted using primary transverse
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reconstructions as well as multiplanar reformations and 3-D renderings.”

All elements are essential: 1) timing, 2) reconstructions/reformats, and 3) 3-D renderings. Standard
CTs with contrast also include timing issues and reconstructions/reformats. Only in CTA, however,
is 3-D rendering a required element. This corresponds to the definitions that the CMS has applied
to the Current Procedural Terminology codes.

Initial Imaging Definition
Initial imaging is defined as imaging at the beginning of the care episode for the medical condition

defined by the variant. More than one procedure can be considered usually appropriate in the
initial imaging evaluation when:

» There are procedures that are equivalent alternatives (i.e., only one procedure will be ordered
to provide the clinical information to effectively manage the patient’s care)

OR

» There are complementary procedures (i.e, more than one procedure is ordered as a set or
simultaneously wherein each procedure provides unique clinical information to effectively
manage the patient’s care).

Discussion of Procedures by Variant
Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.

Recommendations for imaging in the setting of suspected SAH with the clinical presentation of
sudden, severe headache, or "worst headache of life” are guided by the ACR Appropriateness
Criteria® topic on "Headache” [1].

This variant will focus on imaging examinations used to determine the source of SAH after initial
detection. SAH, involving the basal cisterns, requires rapid triage and workup because a ruptured
cerebral aneurysm is responsible for 70% of all nontraumatic SAHs [4,5]. The overall incidence of
aneurysmal SAH in the United States is between 9.7 and 14.5 cases per 100,000 population and
may be underestimated due to the high risk of death prior to hospital admission [6-9]. Aneurysmal
SAH results in significant morbidity and mortality with a quarter of aneurysmal subarachnoid
patients dying after presentation; therefore, early diagnosis and repair is crucial to prevent
rebleeding [6]. Less common causes of SAH, often presenting as isolated convexity SAH, such as
tumors, stroke transformation, cerebral amyloid angiopathy, or reversible cerebral vasoconstriction
syndrome, are not considered here as their imaging and diagnosis often follows the initial,
commonly emergent, imaging revaluation for common vascular lesions. Follow-up imaging for
delayed complications of SAH, such as hydrocephalus, should be directed by local protocols and
clinical symptoms. The delayed complication of vasospasm after SAH is discussed in Variant 2 of
this topic.

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
A. Arteriography Cervicocerebral

Catheter-directed angiography of the cerebral vasculature demonstrates high spatial resolution,
large field of view, and dynamic acquisition that leads to high diagnostic value in the evaluation of
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cerebrovascular diseases resulting in SAH. Sensitivity and specificity are both >98% for catheter
cerebral angiography when compared with surgical findings, including small aneurysms <3 mm
[10]. Catheter cerebral angiography also identified vascular abnormalities in up to 13% of patients
with SAH and negative CTA imaging [11]. Although catheter cerebral angiography has been
reported to be negative in 2% to 24% of patients with aneurysmal SAH, 3-D rotational
angiography has been shown to identify an aneurysm on 25% of previously angiogram, both 2-D
and 3-D, negative patients [12]. Angiography is an invasive procedure with a small complication
risk related to intravascular instrumentation.

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
B. CT Head Perfusion

There is no relevant literature to support the use of CT head perfusion in the evaluation of known
acute SAH.

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
C. CT Head

There is no relevant literature to support the use of CT head in the evaluation of known (previously
diagnosed by imaging or lumbar puncture) acute SAH. Recommendations for imaging in the
setting of suspected SAH with the clinical presentation of sudden, severe headache or "worst
headache of life"” are guided by the ACR Appropriateness Criteria® topic on "Headache” [1].

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
D. CTA Head

CTA head is a fast, noninvasive study to evaluate patients with acute SAH. CTA head has been
shown to have >90% sensitivity and specificity in the evaluation for aneurysms [4,10,13-18]
responsible for SAHs. However, CTA head sensitivity for detecting aneurysm decreases for
aneurysms <3 mm in size [4,10,13,15,17,19], in the setting of diffuse SAH [20], and for aneurysms
occurring adjacent to an osseous structure [19]. CTA head may be sufficient to rule out a vascular
cause of SAH when the location of hemorrhage is isolated to the perimesencephalic region with
follow-up catheter-directed angiography indicated in CTA negative diffuse or peripheral SAHs [20].

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
E. CTA Neck

There is no relevant literature to support the use of CTA neck in the initial imaging evaluation of
known acute SAH. CTA neck may be useful for potential treatment planning, but preference will be
individual or site specific.

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
F. CTV Head

There is no relevant literature to support the use of CT venography (CTV) head in the evaluation of
known acute SAH.

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
G. MRA Head

MR angiography (MRA) head for the evaluation of intracranial aneurysm demonstrated a pooled
sensitivity of 95% and specificity of 89% in one meta-analysis [21]. Diagnostic accuracy is
increased, including for aneurysms >5 mm in size and at 3T scanner strength [21,22]. The decrease
in specificity, when compared with CTA, is reported to have false-positive cases related to normal
vascular variants of infundibular origin of vessels and vessel loops [23]. Limitations of MRA head
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include required safety screening and relatively long acquisition time in urgent clinical scenarios.

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
H. MRA Neck

There is no relevant literature to support the use of MRA neck in the evaluation of known acute
SAH. MRA neck may be useful for potential treatment planning, but preference will be individual or
site specific.

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
I. MRI Head Perfusion

There is no relevant literature to support the use of MRI head perfusion in the evaluation of known
acute SAH.

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
J. MRI Head

Although there is no relevant literature to support the use of MRI head in the evaluation for a
vascular source of known acute SAH, several studies evaluated the use of MRI head in predicting
clinical outcomes. Patients with acute poor-grade SAH and diffusion-weighted imaging positive
findings on MRI head had a less favorable long-term outcome when compared with patients
without diffusion-weighted imaging positive findings [24,25].

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
K. MRV Head

There is no relevant literature to support the use of MR venography (MRV) head in the evaluation
of known acute SAH.

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
L. US Duplex Doppler Carotid Artery

There is no relevant literature to support the use of carotid artery ultrasound (US) duplex Doppler
in the evaluation of known acute SAH.

Variant 1: Known acute subarachnoid hemorrhage (SAH) on CT. Next imaging study.
M. US Duplex Doppler Transcranial

There is no relevant literature to support the use of US transcranial with duplex Doppler (TCD) in
the evaluation of known acute SAH.

Variant 2: Suspected cerebral vasospasm. Initial imaging.

Vasospasm in the cerebral arteries occurs in approximately 30% of patients with SAH and
frequently occurs 7 to 10 days after hemorrhage with spontaneous resolution by day 21 [6].
Vasospasm is associated with delayed cerebral ischemia defined by delayed development of
neurologic deficits after SAH not related to aneurysm treatment or other neurologic complications,
such as hydrocephalus, cerebral edema, or metabolic derangements [26]. Morbidity and mortality
in SAH increases between 10% and 20% after onset of clinical symptoms of delayed cerebral
ischemia [27], and the symptoms are frequently nonreversible [28,29]. Imaging findings of
vasospasm and guidance of treatment does not appear to improve clinical outcome after the onset
of clinical symptoms [28].

Despite the association of moderate to severe vasospasm and poor clinical outcome [30], only 50%
patients with large-vessel vasospasm develop clinical ischemic neurologic symptoms [6], and



delayed ischemia can occur in the absence of imaging findings of vasospasm [26]. However, given
the clinical implications of delayed cerebral ischemia, early screening and detection of vasospasm
remains recommended [6].

Variant 2: Suspected cerebral vasospasm. Initial imaging.
A. Arteriography Cervicocerebral

Conventional catheter-directed cerebrovascular arteriography is the reference standard for
characterization of intracranial vasospasm. However, only approximately 50% of radiographic
large-vessel vasospasm develops delayed cerebral ischemia, and given the invasive nature and
potential rare neurologic complications, other less invasive screening methods are often
performed before catheter angiogram [28]. In a large, international multicenter randomized trial,
the presence of angiographic vasospasm was strongly associated (odds ratio of 9.3) with the
development of cerebral infarction. In the same study, a small number of patients (3%) developed
infarction without evidence of vasospasm on angiogram [31]. An additional consideration to the
angiographic evaluation of vasospasm is the potential for intra-arterial treatment of vessel
narrowing. However, intra-arterial treatment of vasospasm lacks high-quality evidence of
improvement of outcomes at this time [6].

Variant 2: Suspected cerebral vasospasm. Initial imaging.
B. CT Head Perfusion

CT head perfusion is a useful tool in the evaluation of vasospasm. CT perfusion data provide
information regarding the intraparenchymal small-vessel perfusion as opposed to CTA and TCD
evaluation of large- and medium-sized vessels. CT perfusion has been studied in 3 separate clinical
scenarios: early (0-3 days after SAH) prediction of future of delayed cerebral ischemia, late
detection of vasospasm, and late detection of ischemic injury. Early use of CT head perfusion within
the first 3 days after SAH with qualitative perfusion abnormalities were associated with later
development of vasospasm [26]. A more recent retrospective study of CT perfusion within 24 hours
of aneurysmal SAH and demonstrating perfusion abnormalities did not correlate with the
development of delayed cerebral ischemia [32]. For the later use of CT perfusion after SAH, a meta-
analysis demonstrated a sensitivity of 74% and specificity of 93% in detecting vasospasm [33], and
retrospective studies showed sensitivities of 84% to 93% and specificities of 57% to 73% in
detected delayed cerebral ischemia [29,34]. However, using CT head perfusion to guide treatment
decision in the setting of neurologic symptoms of delayed cerebral ischemia did not improve
outcomes when compared with treating all patients without imaging guidance [28].

Variant 2: Suspected cerebral vasospasm. Initial imaging.
C. CT Head

SAH on CT head can be graded by the Fisher or modified Fisher scale. The higher the Fisher grade
of SAH, the higher the patient risk for vasospasm [35]. Although CT head may be useful to provide
a Fisher grade and risk for vasospasm, the examination does not directly give information
regarding the presence or absence of vasospasm. Anatomic changes of completed infarct related
to delayed cerebral ischemia can also be identified on CT head.

Variant 2: Suspected cerebral vasospasm. Initial imaging.
D. CTA Head

CTA head can provide a less invasive evaluation of the intracranial cerebral vasculature compared
with catheter-directed angiography. In a meta-analysis, CTA head detected vasospasm with a
sensitivity and specificity of 80% and 93%, respectively [33]. CTA head is highly correlated to



conventional angiography for larger proximal intracranial vessels with decreasing correlation in the
smaller more distal arteries [36].

Variant 2: Suspected cerebral vasospasm. Initial imaging.
E. CTA Neck

There is no relevant literature to support the use of CTA neck in the evaluation of suspected
cerebral vasospasm.

Variant 2: Suspected cerebral vasospasm. Initial imaging.
F. CTV Head

There is no relevant literature to support the use of CTV head in the evaluation of suspected
cerebral vasospasm.

Variant 2: Suspected cerebral vasospasm. Initial imaging.
G. MRA Head

There is no relevant literature to support the use of MRA head in the evaluation of suspected
cerebral vasospasm.

MRA head evaluation of the intracranial arteries in the setting of suspected vasospasm is limited by
background of hemorrhage and hemodynamic flow alterations with poor correlation to digital
subtraction angiography (DSA) findings [37].

Variant 2: Suspected cerebral vasospasm. Initial imaging.
H. MRA Neck

There is no relevant literature to support the use of MRA neck in the evaluation of suspected
cerebral vasospasm.

Variant 2: Suspected cerebral vasospasm. Initial imaging.
I. MRI Head Perfusion

Given the continued difficulty in identifying patients at risk for and in preventing vasospasm and
delayed cerebral ischemia, advanced MRI head perfusion studies are now being performed. MRI
head perfusion with decreased intravoxel incoherent motion microvascular perfusion has been
associated with vasospasm [38], and elevated blood-brain barrier permeability (Ktrans) was
associated with patients who went on to develop delayed cerebral ischemia [39]. Despite these
early positive studies, no large or prospective studies have been performed to support the
widespread use of MRI head perfusion in the evaluation of suspected vasospasm.

Variant 2: Suspected cerebral vasospasm. Initial imaging.
J. MRI Head

MRI head offers evaluation of consequences of delayed cerebral ischemia including completed
infarction. However, there is no relevant literature to support the use of MRI head in the evaluation
of suspected cerebral vasospasm.

Variant 2: Suspected cerebral vasospasm. Initial imaging.
K. MRV Head

There is no relevant literature to support the use of MRV head in the evaluation of suspected
cerebral vasospasm.

Variant 2: Suspected cerebral vasospasm. Initial imaging.
L. US Duplex Doppler Carotid Artery



There is no relevant literature to support the use of carotid artery US duplex Doppler in the
evaluation of suspected cerebral vasospasm.

Variant 2: Suspected cerebral vasospasm. Initial imaging.
M. US Duplex Doppler Transcranial

TCD is a quick and noninvasive modality to evaluate for increased arterial velocities in the setting
of vasospasm. Given the ability to perform the examination at the bedside, daily TCD is frequently
used in the screening for vasospasm in at-risk populations. Vasospasm identified on TCD predicts
delayed cerebral ischemia with 90% sensitivity, 92% negative predictive value, 71% specificity, and
57% positive predictive value [40]. Although screening for vasospasm with TCD has high sensitivity
and negative predictive value, prolonged TCD screening past day 10 post-SAH does not appear to
increase detection of delayed cerebral ischemia [41]. In addition, there is no current high-quality
literature relating detection of vasospasm on TCD to improved patient outcomes [40].

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.

Cerebral aneurysms are often incidentally discovered on intracranial vascular imaging. Definitive
algorithmic guidelines for management and follow-up of incidentally found cerebral aneurysms
are lacking [42]. Between 4% and 18% of aneurysms demonstrate growth on imaging follow-up
[43,44], with a 12-fold higher risk of rupture in growing aneurysms [44]. Although aneurysm
growth is associated with size >7 mm, smaller aneurysms can grow and rupture [44]. Given the
evidence of potential for growth and rupture of untreated and unruptured aneurysms, vascular
imaging surveillance is recommended.

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.
A. Arteriography Cervicocerebral

Cervicocerebral arteriography remains the reference standard imaging examination for the
evaluation of cerebral aneurysms with high spatial resolution, high signal-to-noise ratio, and
dynamic image acquisition. However, given the invasive nature and potential complications of
cervicocerebral arteriography, it is not ideal for routine patient surveillance.

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.
B. CT Head Perfusion

There is no relevant literature to support the use of CT head perfusion in the surveillance of a
known, untreated cerebral aneurysm.

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.
C. CT Head

There is no relevant literature to support the use of CT head in the surveillance of a known,
untreated cerebral aneurysm.

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.
D. CTA Head

CTA head is a fast and noninvasive study to evaluate the intracranial vasculature. CTA head has
been shown to be >90% sensitive and specific in the evaluation for aneurysms [4,10,13-18].
However, CTA head sensitivity for detecting an aneurysm decreases for aneurysms <3 mm in size
[4,10,13,15,17,19] and for aneurysms occurring adjacent to an osseous structure [19].

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.
E. CTA Neck



There is no relevant literature to support the use of CTA neck in the surveillance of a known,
untreated cerebral aneurysm.

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.
F. CTV Head

There is no relevant literature to support the use of CTV head in the surveillance of a known,
untreated cerebral aneurysm.

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.
G. MRA Head

MRA head is an ideal candidate for imaging surveillance of known, untreated aneurysms because
of its noninvasive nature and ability to obtain diagnostic information without intravenous (IV)
contrast. The evaluation of intracranial aneurysm with MRA head demonstrated a pooled sensitivity
of 95% and specificity of 89% in one meta-analysis [21]. Diagnostic accuracy is increased, including
for aneurysms <5 mm in size, at 3T scanner strength [21,22]. Vessel loops and infundibular origins
of vessels can lead to false-positives for aneurysm on MRA [23]. Contrast-enhanced MRA head
may increase visualized detail of large aneurysms with complex flow dynamics or thrombosis [45].
However, there is no significant difference in diagnostic performance between time-of-flight MRA
and contrast-enhanced MRA on the aforementioned meta-analysis of MRA examinations in the
diagnosis of aneurysms [21].

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.

H. MRA Neck

There is no relevant literature to support the use of MRA neck in the surveillance of a known,
untreated cerebral aneurysm.

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.

I. MRI Head Perfusion

There is no relevant literature to support the use of MRI head perfusion in the surveillance of a
known, untreated cerebral aneurysm.

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.

J. MRI Head

There is no relevant literature to support the use of MRI head in the surveillance of a known,
untreated cerebral aneurysm.

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.

K. MRV Head

There is no relevant literature to support the use of MRV head in the surveillance of a known,
untreated cerebral aneurysm.

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.

L. US Duplex Doppler Carotid Artery

There is no relevant literature to support the use of carotid artery US duplex Doppler in the
surveillance of a known, untreated cerebral aneurysm.

Variant 3: Known cerebral aneurysm; untreated. Surveillance monitoring.

M. US Duplex Doppler Transcranial

There is no relevant literature to support the use of TCD in the surveillance of a known, untreated
cerebral aneurysm.



Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.

Treatment of cerebral aneurysms is common to reduce the risk of aneurysm rupture or rebleeding.
Endovascular treatment is now the first-line therapy in most cases, whereas aneurysms not
amenable to endovascular repair require surgical clipping or observation. Follow-up imaging after
treatment is often performed to assess for potential refilling of aneurysms and detect formation of
new aneurysms. Aneurysm remnants after surgical clipping are identified in up to 11% of patients
[46] and more frequently after endovascular repair [47,48]. Recurrence of treated aneurysm is most
common within 6 months of treatment but can occur in a more delayed manner [49]. Development
of de novo aneurysm occurs in 1% to 8% of patients with treated aneurysms [50-52].

Imaging evaluation is focused on not only the treated aneurysm but also the integrity of the parent
vessel and formation of new aneurysms. Intracranial aneurysms are treated with several different
devices, including surgical clips, detachable coils, stents, and flow diverters, and each device will
result in unique appearances as well as challenges, depending on the imaging modality used.
Specific knowledge of the technique utilized in prior treatment is helpful in choosing a particular
follow-up modality for each patient.

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.
A. Arteriography Cervicocerebral

Cervicocerebral arteriography remains the reference standard imaging examination for the
evaluation of treated cerebral aneurysms with high spatial resolution, high signal-to-noise ratio,
and dynamic image acquisition. Aneurysm and parent vessel appearance is better visualized, as
indwelling occlusion device artifacts are less apparent on cervicocerebral arteriography than on
MRI or CT. Drawbacks for surveillance include invasiveness and small risk of vascular complication.

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.
B. CT Head Perfusion

There is no relevant literature to support the use of CT head perfusion in the surveillance of known,
treated cerebral aneurysm.

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.
C. CT Head

There is no relevant literature to support the use of CT head in the surveillance of known, treated
cerebral aneurysm.

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.
D. CTA Head

CTA head is useful for surveillance imaging of treated cerebral aneurysms because of its
noninvasive nature. However, CTA is limited by large metallic streak artifacts encountered with
metallic coils, stents, and devices. Although artifact from metal cannot be removed, several metal
artifact reduction techniques are available to improve evaluation of treated aneurysms and the
parent vessels [53-57].

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.
E. CTA Neck

There is no relevant literature to support the use of CTA neck in the surveillance of known, treated
cerebral aneurysm.

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.



F. CTV Head

There is no relevant literature to support the use of CTV head in the surveillance of known, treated
cerebral aneurysm.

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.
G. MRA Head

MRA head is a noninvasive examination commonly used for treated aneurysm surveillance. This
examination can be obtained without IV contrast using time-of-flight imaging, with IV contrast to
improve flow-related artifacts occasionally encountered in aneurysms, or a combination of both. In
the setting of coiled aneurysms, a meta-analysis found similar performance of both noncontrast
and contrast-enhanced examinations with sensitivities of 86% for both time-of-flight and contrast-
enhanced MRA, as well as specificities of 84% and 89%, respectively [58]. MRA head was also
compared directly with catheter-directed angiography and found to result in substantial
agreement (kappa 0.73) regarding treatment recommendations between the 2 examinations [59].
Treatment with stents or flow diverters results in challenges in MRA intraluminal evaluation of the
stent. Contrast-enhanced MRA outperforms time-of-flight MRA in the evaluation of a treated
aneurysm and parent vessel patency with indwelling stent; however, intraluminal detail is limited
with both techniques [60]. Newer endovascular devices demonstrate magnetic susceptibility and
Faraday cage effects, which limits MRA head utility in assessing for aneurysm thrombosis or parent
vessel patency when compared with conventional arteriography [61-63].

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.

H. MRA Neck

There is no relevant literature to support the use of MRA neck in the surveillance of known, treated
cerebral aneurysm.

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.

I. MRI Head Perfusion

There is no relevant literature to support the use of MRI head perfusion in the surveillance of
known, treated cerebral aneurysm.

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.

J. MRI Head

There is no relevant literature to support the use of MRI head in the surveillance of known, treated
cerebral aneurysm.

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.

K. MRV Head

There is no relevant literature to support the use of MRV head in the surveillance of known, treated
cerebral aneurysm.

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.

L. US Duplex Doppler Carotid Artery

There is no relevant literature to support the use of carotid artery US duplex Doppler in the
surveillance of known, treated cerebral aneurysm.

Variant 4: Known cerebral aneurysm; previously treated. Surveillance monitoring.

M. US Duplex Doppler Transcranial

There is no relevant literature to support the use of TCD in the surveillance of known, treated



cerebral aneurysm.

Variant 5: High-risk cerebral aneurysm screening.

Certain populations are at high risk of developing a cerebral aneurysm. Given the high morbidity
and mortality associated with aneurysm rupture, screening high-risk patients may be beneficial.
The incidence of aneurysm in the general population is near 1.8% [64]. The most studied high-risk
population is patients with autosomal dominant polycystic kidney disease (ADPKD). Patients with
ADPKD have an increased prevalence of aneurysms between 10% and 11.5% [65], with up to 21%
of patients with ADPKD and a first-degree relative with history of aneurysm [66]. Aneurysmal SAH
occurs at a younger age, and risk of de novo aneurysm formation is higher in ADPKD patients
when compared with the general population [67]. Given the relationship of ADPKD and cerebral
aneurysms, screening has been shown to be cost effective in several studies [65,68]. The American
Heart Association guidelines also recommend offering screening to patients with >2 family
members with intracranial aneurysms or SAH. A higher risk of aneurysm occurrence in such
families is found in those with a history of hypertension, smoking, and female sex [42]. Other
conditions with increased risk of cerebral aneurysm are moyamoya [69], aortic dissection [70],
bicuspid aortic valve [71], aortic aneurysm [72], and coarctation of the aorta [73].

Variant 5: High-risk cerebral aneurysm screening.
A. Arteriography Cervicocerebral

Although cerebral arteriography is the reference standard for known or suspected aneurysm, the
invasive nature and potential complications are not suited for screening in a high-risk population.
There is no relevant literature to support the use of cerebral arteriography in this population.

Variant 5: High-risk cerebral aneurysm screening.
B. CT Head Perfusion

There is no relevant literature to support the use of CT head perfusion in the screening of patients
at high risk for cerebral aneurysm.

Variant 5: High-risk cerebral aneurysm screening.
C. CT Head

There is no relevant literature to support the use of CT head in the screening of patients at high
risk for cerebral aneurysm.

Variant 5: High-risk cerebral aneurysm screening.
D. CTA Head

CTA head is a fast, noninvasive study to evaluate the intracranial vasculature. CTA head has been
shown to be >90% sensitive and specific in the evaluation for aneurysms [4,10,13-18]. However,
CTA head sensitivity for detecting an aneurysm decreases for both aneurysms <3 mm in size
[4,10,13,15,17,19] and aneurysms occurring adjacent to an osseous structure [19].

Variant 5: High-risk cerebral aneurysm screening.
E. CTA Neck

There is no relevant literature to support the use of CTA neck in the screening of patients at high
risk for cerebral aneurysm.

Variant 5: High-risk cerebral aneurysm screening.
F. CTV Head

There is no relevant literature to support the use of CTV head in the screening of patients at high



risk for cerebral aneurysm.

Variant 5: High-risk cerebral aneurysm screening.
G. MRA Head

MRA head is an ideal candidate for screening high-risk populations for cerebral aneurysm due to
its noninvasive nature and ability to obtain diagnostic information without IV contrast. The
evaluation of intracranial aneurysm with MRA head demonstrated a pooled sensitivity of 95% and
specificity of 89% in one meta-analysis, in which 45% of the 67 missed aneurysms were <3 mm in
size, and another 45% were between 3 and 5 mm in size, 6% were between 5 and 10 mm in size,
and 4% >10 mm in size [21]. Diagnostic accuracy is increased, including for aneurysms <5 mm in
size, at 3T scanner strength [21,22]. Vessel loops and infundibular origins of vessels can lead to
false-positives for aneurysm on MRA [23]. Contrast-enhanced MRA head has no relevant literature
to support its use in the screening of patients at high risk for cerebral aneurysm.

Variant 5: High-risk cerebral aneurysm screening.
H. MRA Neck

There is no relevant literature to support the use of MRA neck in the screening of patients at high
risk for cerebral aneurysm.

Variant 5: High-risk cerebral aneurysm screening.
I. MRI Head Perfusion

There is no relevant literature to support the use of MRI head perfusion in the screening of
patients at high risk for cerebral aneurysm.

Variant 5: High-risk cerebral aneurysm screening.
J. MRI Head

There is no relevant literature to support the use of MRI head in the screening of patients at high
risk for cerebral aneurysm.

Variant 5: High-risk cerebral aneurysm screening.
K. MRV Head

There is no relevant literature to support the use of MRV head in the screening of patients at high
risk for cerebral aneurysm.

Variant 5: High-risk cerebral aneurysm screening.
L. US Duplex Doppler Carotid Artery

There is no relevant literature to support the use of carotid artery US duplex Doppler in the
screening of patients at high risk for cerebral aneurysm.

Variant 5: High-risk cerebral aneurysm screening.
M. US Duplex Doppler Transcranial

There is no relevant literature to support the use of TCD in the screening of patients at high risk for
cerebral aneurysm.

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.

Intracranial high-flow vascular malformations include arteriovenous malformations (AVMs) and
arteriovenous fistulas (AVFs). Both lesions are defined by an abnormal connection between the
relatively high-pressure arterial system and the low-pressure venous system resulting in a high-
flow shunting of blood.



AVMs are direct connections of artery to vein via abnormal dilated vascular channels without
normal intermediary capillary bed. The abnormal dilated vascular channels are known as the nidus
[74]. Although the true incidence of brain AVM is unknown, asymptomatic prevalence on MRl is
estimated at 0.05% [74,75]. Between 10% and 20% of patients with hereditary hemorrhagic
telangiectasia will have at least one AVM during their lifetime [74,76]. Symptomatic brain AVMs
present most commonly with hemorrhage or epilepsy [74]. The annual rupture risk of a brain AVM
is 1.3% for previously unruptured AVM and up to 4.8% for previously ruptured lesions [74,77].
Imaging findings associated with higher hemorrhage risk include intranidal aneurysm, deep venous
drainage, deep location, or venous outflow obstruction [74,78]. Treatment for AVMs include
surgical resection, endovascular embolization, stereotactic radiosurgery, or medical management.
The ARUBA (A Randomised trial of Unruptured Brain Arteriovenous Malformations) trial concluded
medical management alone was superior to medical management with interventional therapy for
the prevention of death or stroke in patients with unruptured brain AVMs [79]. However, the trial
did not establish the benefit of interventional treatment of unruptured AVMs, which remains a
debated issue. The optimal methods for surveillance of untreated AVMs is not well established in
the literature. However, treated lesions usually require long-term follow-up, specifically lesions
treated with radiosurgery or embolization.

Intracranial dural AVF (dAVF) is an abnormal shunt between a dural artery and venous sinus or
cortical vein. dAVFs demonstrate similar high-flow vascular shunting but lack the central nidus
associated with AVM. Signs and symptoms of dAVF depend on the location, with posterior dural
venous sinus lesion frequently presenting with pulsatile tinnitus or cavernous sinus lesions
presenting with pain, proptosis, chemosis, and ophthalmoplegia [80]. Complications of high-grade
dAVF include hemorrhage or nonhemorrhagic neurologic defects and are associated with
retrograde cortical venous drainage [80-83]. Treatment via endovascular or microsurgical approach
is usually indicated in high-grade dAVF with cortical venous drainage or symptomatic lesions.
Observation can be utilized in lower-grade lesions with less risk of hemorrhagic or neurologic
complications [80,83]. This variant covers the surveillance of both treated and untreated high-flow
vascular malformations.

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
A. Arteriography Cervicocerebral

Cervicocerebral angiography remains the reference standard for imaging of cerebrovascular
disease, including AVM and dAVF. Angiography demonstrates high spatial and temporal resolution
of critical importance in the characterization of the intranidal aneurysm in AVM as well as
potentially small arterial feeding vessels and venous drainage characteristics in both AVM and
dAVF. Arteriography is critical in planning treatment in all high-flow intracranial vascular
malformations. Specifically, an arteriogram of an AVM provides high-resolution imaging of the
nidus; however, 2-D angiographic images may overestimate lesion volumes when compared with
MRA or CTA [84]. The addition of 3-D rotational cerebral arteriography results in more precise
AVM nidus volume measurement when compared with CT and MRI [85].

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
B. CT Head Perfusion

There is no relevant literature to support the use of CT head perfusion in the surveillance of high-
flow intracranial vascular malformations.

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
C. CT Head



Although larger AVMs can be visualized on CT head because of hyperattenuating prominent
vascular structures [83] and the osseous landmarks can be useful in radiation therapy treatment
planning [85], there is no relevant literature to support the use of CT head in the surveillance of
high-flow intracranial vascular malformations.

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
D. CTA Head

Sensitivity of CTA head was shown to be 90% for the overall detection of AVMs, 100% for AVMs >3
cm, and 88% for associated flow-related aneurysms when compared with DSA [86]. For high-flow
AVFs, CTA head demonstrated a sensitivity of 86% and specificity of 100% in patients with pulsatile
tinnitus [87]. Indirect signs of cortical venous drainage, indicating higher-risk lesion for future
complication, on CTA exhibited sensitivities between 96% for cortical venous dilatation and 62%
for identification of a medullary or pial vein. Drawbacks to CTA for surveillance monitoring include
the lack of temporal resolution to directly determine flow dynamics of complex vascular lesions.

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
E. CTA Neck

There is no relevant literature to support the use of CTA neck in the surveillance of high-flow
intracranial vascular malformations. CTA neck may be useful for potential treatment planning, but
preference will be individual or site specific.

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
F. CTV Head

There is no relevant literature to support the use of CTV head in the surveillance of high-flow
intracranial vascular malformations.

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
G. MRA Head

MRA head is frequently used in surveillance of known high-flow vascular malformations. In the
setting of AVM, time-of-flight and contrast-enhanced MRA offer good diagnostic accuracy but lack
temporal resolution for hemodynamics and information regarding the small angioarchitecture [88].
Multiple 4-D MRA techniques are available to provide temporal resolution with trade-off in spatial
resolution. Although 4-D MRA demonstrates good agreement with DSA [89-91], MRA has limited
sensitivity for small nidus (<1 cm) or complete resolution after treatment [88,92].

For AVF, time-of-flight MRA demonstrates excellent intermodality agreement with DSA regarding
the location of the fistula site and good agreement regarding the arterial feeding vessels and
venous drainage [93]. Time-of-flight and contrast-enhanced MRA demonstrated slightly lower
negative predictive values in the evaluation of signs of cortical venous reflux when compared with
CTA [94]. There is good to excellent correlation of 4-D MRA techniques to DSA demonstrated in
multiple studies [95-97].

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
H. MRA Neck

There is no relevant literature to support the use of MRA neck in the surveillance of high-flow
intracranial vascular malformations. MRA neck may be useful for potential treatment planning, but
preference will be individual or site specific.

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
I. MRI Head Perfusion



MRI head perfusion demonstrates variable perfusion abnormalities in the evaluation of
hemodynamic physiology of AVM [83]. Perfusion examinations, including arterial spin-labeled
perfusion imaging, may have a role in the evaluation of improved perfusion from obliteration of
AVMs after radiation therapy [98].

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
J. MRI Head

High-flow intracranial vascular malformations can be identified on MRI head because of dilated
vessels. In a study evaluating MRl and AVM, T2-weighted images demonstrated overall sensitivity
of 89% and 100% for lesions >3 cm as well as low (29%) sensitivity for AVM-associated aneurysms
[86]. MRI can also provide important information regarding the associated brain parenchyma
including ischemia on diffusion-weighted imaging or gliosis on T2 and Fluid-attenuated inversion-
recovery imaging [83].

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
K. MRV Head

There is no relevant literature to support the use of MRV head in the surveillance of high-flow
intracranial vascular malformations.

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
L. US Duplex Doppler Carotid Artery

There is no relevant literature to support the use of carotid artery US duplex Doppler in the
surveillance of high-flow intracranial vascular malformations.

Variant 6: Known high-flow vascular malformation (AVM/AVF). Surveillance monitoring.
M. US Duplex Doppler Transcranial

There is no relevant literature to support the use of TCD in the surveillance of high-flow intracranial
vascular malformations.

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.

CNS vasculitis refers to inflammation and destruction of the blood vessels of the brain, spinal cord,
or meninges [99]. This variant will focus on primary CNS vasculitis, defined by vasculitis only
involving the CNS as well as intracranial findings systemic vasculitis secondarily involving the CNS.
For evaluation of systemic vasculitis outside of the CNS, please see the ACR Appropriateness
Criteria® topic on "Noncerebral Vasculitis” [100]. Processes that can result in secondary vasculitis
involvement of the CNS include, but are not limited to, autoimmune and autoinflammatory
etiologies, such as polyarteritis nodosa, microscopic polyangiitis, granulomatosis with polyangiitis,
rheumatoid arthritis, or systemic lupus erythematosus, as well as infectious causes, such as varicella
zoster virus, hepatitis C virus, human deficiency virus, cytomegalovirus, and cysticercosis [99].
Secondary CNS vasculitis is frequently a late manifestation of the disease and frequently the
systemic process is already known at the time of CNS involvement.

Primary CNS vasculitis is a rare disorder with 2.4 cases per 1 million person-years [99,101]. Primary
CNS vasculitis typically presents with headache, followed by encephalopathy and behavioral
changes. Focal neurological deficit occurs in 20% to 30% of patients. Seizures and intracranial
hemorrhage may also occur. The diagnosis of primary CNS vasculitis is challenging because of its
nonspecific and varied symptoms. Diagnostic criteria for CNS vasculitis proposed by Calabrese and
Mallek in 1988 required diagnosis via histopathology or characteristic findings on DSA [102,103].
Although angiographic diagnosis continues to be accepted by some authors [104], other authors


https://acsearch.acr.org/docs/3158180/Narrative/

have proposed diagnostic criteria that do not accept diagnosis based on angiography and require
histology from biopsy or autopsy [105]. With a strong clinical suspicion, brain imaging is important
for supporting the diagnostic process and directing biopsy [99,106]. Imaging examinations with
CNS vasculitis demonstrate numerous nonspecific findings, such as infarcts, white matter injury,
mass lesions, meningeal enhancement, or hemorrhage. Characteristic vessel imaging findings,
though not always present on histologically proven cases, include multifocal stenosis and dilatation
of the intracranial vasculature as well as characteristic pattern of vessel wall inflammation [107].
Many of the imaging features overlap with other cerebrovascular diseases, such as reversible
cerebral vasoconstriction syndrome or atherosclerotic disease.

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
A. Arteriography Cervicocerebral

Cerebral arteriography has long been the standard in imaging diagnosis of CNS vasculitis due to
its submillimeter resolution. However, cerebral angiography has low specificity for vasculitis given
significant overlap of findings with other cerebrovascular diseases, such as atherosclerosis or
reversible cerebral vasoconstriction syndrome, and limited sensitivity as the degree of vascular
involvement can be below angiography resolution [99,107].

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
B. CT Head Perfusion

There is no relevant literature to support the use of CT head perfusion in the initial imaging for
suspected CNS vasculitis.

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
C. CT Head

There is no relevant literature to support the use of CT head in the initial imaging for suspected
CNS vasculitis.

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
D. CTA Head

CTA head can characterize intracranial vessel luminal characteristics with limited resolution and
evaluation of the distal small arteries. Findings of CNS vasculitis on CTA include multifocal vessel
wall narrowing and dilatation with considerable overlap with other nonvasculitis cerebral vascular
diseases and sensitivity is limited to resolution [99].

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
E. CTA Neck

There is no relevant literature to support the use of CTA neck in the initial imaging for suspected
CNS vasculitis. For the evaluation of systemic vasculitis, please see the ACR Appropriateness
Criteria® topic on "Noncerebral Vasculitis” [100].

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
F. CTV Head

There is no relevant literature to support the use of CTV head in the initial imaging for suspected
CNS vasculitis.

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
G. MRA Head

MRA head offers a noninvasive and radiation free examination of the intracranial vessels. As stated
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above in the arteriography and CTA head sections, specificity of vascular luminal imaging is limited
by considerable overlap with other cerebrovascular disease, such as atherosclerosis and reversible
cerebral vasoconstriction syndrome, and sensitivity is limited to resolution as vasculitis can involve
small distal arteries below native resolution of MRA [99]. In a recent retrospective comparison of
time-of-flight MRA to DSA, time-of-flight MRA was abnormal in 81% of patients with angiographic
findings of vasculitis and normal in 100% of patients with a normal angiogram. Although
postcontrast imaging is utilized in vessel wall imaging MRI brain protocols and MRA is typically
included in the imaging protocol, no relevant literature supports the use of postcontrast MRA in
the initial imaging for suspected CNS vasculitis.

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
H. MRA Neck

There is no relevant literature to support the use of MRA neck in the initial imaging for suspected
CNS vasculitis. For the evaluation of systemic vasculitis, please see the ACR Appropriateness
Criteria® topic on "Noncerebral Vasculitis” [100].

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
I. MRI Head Perfusion

There is no relevant literature to support the use of MRI head perfusion in the initial imaging for
suspected CNS vasculitis.

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
J. MRI Head

MRI head is a useful examination in the evaluation of CNS vasculitis given its superior soft-tissue
characteristics of the brain parenchyma and vessel walls. Multiple infarcts of variable ages are
identified on MRI in up to 50% of patients with CNS vasculitis [99,101]. Other findings of primary
CNS vasculitis include mass lesions, meningeal enhancement, and hemorrhage in 5%, 8%, and 9%
of cases, respectively [99,101]. Progressive confluent white matter lesions, cortical and subcortical
T2 lesions, multiple microhemorrhages, large single or multiple enhancing mass lesions, and
enhancing small vessels/perivascular spaces are also seen [105]. Although parenchymal
abnormalities on MRI have considerable overlap with other CNS diseases, sensitivity of a normal
MRI for CNS vasculitis approaches 100% [99,101].

Recent advances in MRI intracranial vessel wall imaging shows promise in helping to differentiate
CNS vasculitis from other cerebrovascular diseases as inflammatory changes of the vessel wall
differ between conditions, whereas luminal stenoses and dilations can overlap [99,107-109]. In a
recent retrospective study, the addition of contrast-enhanced MRI vessel wall imaging to luminal
imaging (DSA, CTA, or MRA) increased radiological diagnostic accuracy to 89% when compared
with 36% in luminal imaging alone in differentiating among nonocclusive cerebrovascular diseases.
In this study the reference standard was the clinical diagnosis, so it remains to be determined
whether these findings have any clinical value [107].

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
K. MRV Head

There is no relevant literature to support the use of MRV head in the initial imaging for suspected
CNS vasculitis.

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
L. US Duplex Doppler Carotid Artery


https://acsearch.acr.org/docs/3158180/Narrative/

There is no relevant literature to support the use of carotid artery US duplex Doppler in the initial
imaging for suspected CNS vasculitis.

Variant 7: Suspected central nervous system (CNS) vasculitis. Initial imaging.
M. US Duplex Doppler Transcranial

There is no relevant literature to support the use of TCD in the initial imaging for suspected CNS
vasculitis.

Summary of Recommendations

 Variant 1: Arteriography cervicocerebral or CTA head with IV contrast is usually appropriate
as a next imaging study for patients with known acute SAH on CT. These procedures are
equivalent alternatives (ie, only one initial procedure will be ordered to provide the clinical
information to effectively manage the patient’s care).

 Variant 2: Arteriography cervicocerebral or CTA head with IV contrast is usually appropriate
for the initial imaging of patients with suspected cerebral vasospasm. These procedures are
equivalent alternatives (ie, only one initial procedure will be ordered to provide the clinical
information to effectively manage the patient’s care).

+ Variant 3: MRA head without IV contrast or CTA head with IV contrast is usually appropriate
for the surveillance monitoring of patients with a known, untreated cerebral aneurysm. These
procedures are equivalent alternatives (ie, only one initial procedure will be ordered to
provide the clinical information to effectively manage the patient’s care). The panel did not
agree on recommending MRA head with IV contrast for this clinical scenario. There is
insufficient medical literature to conclude whether or not these patients would benefit from
MRA head with IV contrast. This procedure in this patient population is controversial but may
be appropriate.

 Variant 4: Arteriography cervicocerebral or MRA head without and with IV contrast or MRA
head without IV contrast or CTA head with IV contrast is usually appropriate for the
surveillance monitoring of patients with known, treated cerebral aneurysm. These procedures
are equivalent alternatives (ie, only one initial procedure will be ordered to provide the
clinical information to effectively manage the patient’s care). The panel did not agree on
recommending MRA head with IV contrast for this clinical scenario. There is insufficient
medical literature to conclude whether or not these patients would benefit from MRA head
with IV contrast. This procedure in this patient population is controversial but may be
appropriate.

 Variant 5: MRA head without IV contrast or CTA head with IV contrast is usually appropriate
for screening patients with high risk of cerebral aneurysm. These procedures are equivalent
alternatives (ie, only one initial procedure will be ordered to provide the clinical information
to effectively manage the patient’s care).

 Variant 6: Arteriography cervicocerebral or MRA head with IV contrast or MRA head without
and with IV contrast or CTA head with IV contrast or MRA head without IV contrast is usually
appropriate for surveillance monitoring for patients with known high-flow vascular
malformation (AVM/AVF). Arteriography cervicocerebral can be complementary to MRA head
with IV contrast or MRA head without and with IV contrast or CTA head with IV contrast or
MRA head without IV. MRA head with IV contrast or MRA head without and with IV contrast
or CTA head with IV contrast or MRA head without IV are equivalent alternatives (ie, only one
initial procedure will be ordered to provide the clinical information to effectively manage the



patient’s care).

« Variant 7: MRA head without IV contrast or MRI head without and with IV contrast or MRI
head without IV contrast is usually appropriate for the initial imaging of patients with
suspected CNS vasculitis. These procedures can be complementary (ie, both can be
performed simultaneously).

Supporting Documents

The evidence table, literature search, and appendix for this topic are available at
https://acsearch.acr.org/list. The appendix includes the strength of evidence assessment and the
final rating round tabulations for each recommendation.

For additional information on the Appropriateness Criteria methodology and other supporting
documents, please go to the ACR website at https://www.acr.org/Clinical-Resources/Clinical-Tools-
and-Reference/Appropriateness-Criteria.

Appropriateness Category Names and Definitions

Appropriateness Appropriateness

Category Name Rating Appropriateness Category Definition

The imaging procedure or treatment is indicated in
Usually Appropriate 7,8,0r9 the specified clinical scenarios at a favorable risk-
benefit ratio for patients.

The imaging procedure or treatment may be
indicated in the specified clinical scenarios as an

May Be Appropriate 4,5, 0r6 alternative to imaging procedures or treatments with
a more favorable risk-benefit ratio, or the risk-benefit
ratio for patients is equivocal.

The individual ratings are too dispersed from the
panel median. The different label provides

5 transparency regarding the panel’s recommendation.
“May be appropriate” is the rating category and a
rating of 5 is assigned.

May Be Appropriate
(Disagreement)

The imaging procedure or treatment is unlikely to be
indicated in the specified clinical scenarios, or the
risk-benefit ratio for patients is likely to be
unfavorable.

Usually Not Appropriate 1,2,0r3

Relative Radiation Level Information

Potential adverse health effects associated with radiation exposure are an important factor to consider
when selecting the appropriate imaging procedure. Because there is a wide range of radiation exposures
associated with different diagnostic procedures, a relative radiation level (RRL) indication has been
included for each imaging examination. The RRLs are based on effective dose, which is a radiation dose
guantity that is used to estimate population total radiation risk associated with an imaging procedure.
Patients in the pediatric age group are at inherently higher risk from exposure, because of both organ
sensitivity and longer life expectancy (relevant to the long latency that appears to accompany radiation
exposure). For these reasons, the RRL dose estimate ranges for pediatric examinations are lower as
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compared with those specified for adults (see Table below). Additional information regarding radiation
dose assessment for imaging examinations can be found in the ACR Appropriateness Criteria® Radiation
Dose Assessment Introduction document.
Relative Radiation Level Designations

Adult Effective Dose Estimate Pediatric Effective Dose

Relative Radiation Level*

Range Estimate Range
0] 0 mSv 0 mSv
@ <0.1 mSv <0.03 mSv
SIS 0.1-1 mSv 0.03-0.3 mSv

@O 1-10 mSv 0.3-3 mSv
SISISIS, 10-30 mSv 3-10 mSv
@D EEEDE 30-100 mSv 10-30 mSv

*RRL assignments for some of the examinations cannot be made, because the actual patient doses in
these procedures vary as a function of a number of factors (e.g., region of the body exposed to ionizing
radiation, the imaging guidance that is used). The RRLs for these examinations are designated as “Varies.”
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Disclaimer

The ACR Committee on Appropriateness Criteria and its expert panels have developed criteria for
determining appropriate imaging examinations for diagnosis and treatment of specified medical
condition(s). These criteria are intended to guide radiologists, radiation oncologists and referring
physicians in making decisions regarding radiologic imaging and treatment. Generally, the
complexity and severity of a patient’s clinical condition should dictate the selection of appropriate
imaging procedures or treatments. Only those examinations generally used for evaluation of the
patient’s condition are ranked. Other imaging studies necessary to evaluate other co-existent
diseases or other medical consequences of this condition are not considered in this document. The
availability of equipment or personnel may influence the selection of appropriate imaging
procedures or treatments. Imaging techniques classified as investigational by the FDA have not
been considered in developing these criteria; however, study of new equipment and applications
should be encouraged. The ultimate decision regarding the appropriateness of any specific
radiologic examination or treatment must be made by the referring physician and radiologist in
light of all the circumstances presented in an individual examination.
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