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ABSTRACT

BACKGROUND AND PURPOSE: Intracranial vessel wall MR imaging is an emerging technique for intracranial vasculopathy assessment. Our
aim was to investigate intracranial vessel wall MR imaging use by the American Society of Neuroradiology (ASNR) members at their home
institutions, including indications and barriers to implementation.

MATERIALS AND METHODS: The ASNR Vessel Wall Imaging Study Group survey on vessel wall MR imaging use, frequency, applications, MR
imaging systems and field strength used, protocol development approaches, vendor engagement, reasons for not using vessel wall MR imaging,
ordering-provider interest, and impact on clinical care, was distributed to the ASNR membership between April 2 and August 30, 2019.

RESULTS: There were 532 responses; 79 were excluded due to nonresponse and 42 due to redundant institutional responses, leaving 411
responses. Fifty-two percent indicated that their institution performs vessel wall MR imaging, with 71.5% performed at least 1–2 times/
month, most frequently on 3T MR imaging, and 87.7% using 3D sequences. Protocols most commonly included were T1-weighted pre-
and postcontrast and TOF-MRA; 60.6% had limited contributions from vendors or were still in protocol development. Vasculopathy dif-
ferentiation (94.4%), cryptogenic stroke (41.3%), aneurysm (38.0%), and atherosclerosis (37.6%) evaluation were the most common indica-
tions. For those not performing vessel wall MR imaging, interpretation (53.1%) or technical (46.4%) expertise, knowledge of applications
(50.5%), or limitations of clinician (56.7%) or radiologist (49.0%) interest were the most common reasons. If technical/expertise obstacles
were overcome, 56.4% of those not performing vessel wall MR imaging indicated that they would perform it. Ordering providers most
frequently inquiring about vessel wall MR imaging were from stroke neurology (56.5%) and neurosurgery (25.1%), while 34.3% indicated
that no providers had inquired.

CONCLUSIONS: More than 50% of neuroradiology groups use vessel wall MR imaging for intracranial vasculopathy characterization and
differentiation, emphasizing the need for additional technical and educational support, especially as clinical vessel wall MR imaging imple-
mentation continues to grow.

ABBREVIATIONS: ASNR ¼ American Society of Neuroradiology; IP ¼ Internet Protocol; MR-VWI ¼ vessel wall MR imaging

Intracranial vessel wall MR imaging (MR-VWI) is capable of
detecting,1,2 differentiating,3-5 and characterizing intracranial

vasculopathies6-10 and may be able to help predict patient out-
comes.11,12 Because this technique has been adopted by a growing
number of institutions worldwide, the American Society of
Neuroradiology (ASNR) Vessel Wall Imaging Study Group was
developed to disseminate vessel wall imaging techniques, educate
the general neuroradiology community on its implementation and
interpretation, and influence vendors to improve vessel wall imag-
ing techniques.13 Numerous barriers to the implementation of
MR-VWImay exist at many institutions, including technology, ex-
pertise, knowledge, workflow limitations, and/or vendor relation
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limitations. The goal of the current survey study was to poll the
membership of the ASNR to determine whether institutions were
performingMR-VWI, and if not, what barriers exist to its implemen-
tation and use. For institutions already performing MR-VWI, our
goal was to evaluate applications of the technique, which sequences
were being used, how the techniques were developed, levels of clini-
cian interest, and vendor collaborations for technique development.
To our knowledge, this is the first study to evaluate institutional use
of MR-VWI across a United States–based neuroradiologic society.
The survey can help inform the ASNR Vessel Wall Imaging Study
Group on the needs of the neuroradiologic community on how to
best educate and facilitate the performance of MR-VWI, as well as
guide vendors on technical needs for broader MR-VWI use.

MATERIALS AND METHODS
The survey was discussed at ASNR Vessel Wall Imaging Study
Group meetings and developed through input by multiple Study
Group members. Through an iterative review process, the final sur-
vey was developed on the SurveyMonkey.com platform. The survey
was built with logic, and if a respondent indicated that they did not
perform MR-VWI, he or she skipped to the last 4 questions of the
MR-VWI portion of the survey, focused on barriers to MR-VWI
performance and ordering-provider interest (the questions in the
survey are provided in the Online Supplemental Data). Respondents
who indicated that their institution did perform MR-VWI were
expected to answer each MR-VWI question of the survey. After
institutional review board review, the survey received institutional
review board exemption. The anonymous survey was first sent to
the ASNR Vessel Wall Imaging Study Group and was opened to the
group from March 30 through April 17, 2018. After approval from
the ASNR Executive Committee, the survey was then sent to the
ASNR membership on April 2, 2019. A second reminder was sent
to the membership on August 14, 2019. Responses were gathered
between April 2 and August 30, 2019, after which the survey was
closed. Individuals could respond to the survey only once.

After collection of survey responses, response quality was
assessed, with exclusion of surveys in which the respondent spent
,20 seconds on the survey and responded to#1 question. Internet
Protocol (IP) addresses of the respondents were reviewed to deter-
mine the institution of origin for the response. For institutions with
multiple responses, partially completed responses were excluded. If
there was.1 complete response for an institution, the study investi-
gators reviewed the institutional responses to assess accuracy on the
basis of their knowledge of the protocol and clinical performance
based on publications, presentations, and/or personal knowledge of
the specific institution at the time of the survey. If this issue was not
unresolved, discussion with MR-VWI leaders at the particular insti-
tution was performed for clarification on their approach at the time.
Redundant institutional responses were removed to reduce bias aris-
ing from multiple responses from individual institutions that would
result in overestimation of the approaches of larger institutions. IP
addresses without institutional associations were not excluded. IP
addresses were also used to determine the region from which the
response came. Responses were grouped into continent, country,
and, for US responses, region of the country, divided on the basis of
US Census definitions.14 Institutions were categorized as academic,
private practice, hybrid, or federal.

RESULTS
Respondents
The survey was distributed to 5552 ASNR members, and 1854
individuals opened the e-mails. There were a total of 46 respond-
ents from the ASNR Vessel Wall Imaging Study Group and 486
respondents from the ASNR membership, for a total of 532
responses. The response rate was 9.6%. Respondents, on average,
spent 11minutes on the survey, and there was an 86% completion
rate. We subsequently excluded survey responses for which
,20 seconds was spent on the survey and the respondent answered
1 or no questions (n ¼ 79), leaving 453 complete responses. We
subsequently excluded redundant institutional responses (n ¼ 42),
leading to 411 included responses.

Of the 411 included responses, 81.3% were from North
America, 7.5% from Europe, 5.8% from Asia, 3.6% from South
America, 1.0% from Australia, and 0.7% from Africa. Among
countries, the United States had the most included responses with
314, followed by Canada (n ¼ 16), Brazil (n ¼ 12), and South
Korea (n ¼ 5) (see Table 1 for a complete list of country response
and included counts). For the 314 US responses, 30.3% were from
the South, 24.5% from the Midwest, 24.5% from the East, and
20.7% from the West. Of the 114 responses with institutional IP
addresses, 52.6% were academic, 38.6% private practice, 5.3% fed-
eral, and 3.5% hybrid institutions.

Table 1: Countries of origin of total and included respondents
Country Responses Included

US 353 314
Canada 17 16
Brazil 13 12
South Korea 6 5
the Netherlands 5 5
Italy 4 4
China 4 4
France 4 4
Britain 4 4
Australia 4 4
India 4 4
Israel 3 3
Spain 3 3
Germany 3 3
Japan 3 3
Colombia 2 2
Chile 2 2
Portugal 2 2
Switzerland 2 2
Jamaica 2 2
Turkey 2 2
Emirates 1 1
Zambia 1 1
Mexico 1 1
South Africa 1 1
Bangladesh 1 1
Albania 1 1
Philippines 1 1
Thailand 1 1
Ireland 1 1
Hungary 1 1
Greece 1 1
Total 453 411
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MR-VWI Use
Of included respondents, 52.1% (214/411) indicated that their
institution performed MR-VWI. Among those that used MR-
VWI, the most common frequency was 1–2 times per month,
representing 29.9% (64/214) of respondents, followed by 25.7%
(55/214) indicating that they performed MR-VWI at least twice
per week, while 15.4% (33/214) indicated that they performed
MR-VWI once per week. Overall, 71.5% indicated MR-VWI was
performed at least 1–2 times per month (Fig 1).

Of respondents, 56.3% (120/213) indicated that MR-VWI was
performed as an add-on to the MR imaging stroke protocol or-
dered by clinicians, 51.6% (110/213) indicated that MR-VWI was
performed as a stand-alone examination ordered by clinicians,
and 46.5% (99/213) of respondents stated that at their institution,
MR-VWI was added on the basis of the protocoling radiologist’s
decision. See Fig 2 for full details.

Intracranial vasculopathy differentiation was the most com-
mon clinical indication for MR-VWI, indicated by 94.4% (201/
213) of respondents. This was followed by cryptogenic stroke
evaluation (41.3%; 88/213), aneurysm characterization for rup-
ture risk or culprit aneurysm (38.0%; 81/213), and atherosclerosis
characterization for culprit plaque (37.6%; 80/213). Full responses
are shown in Fig 3.

In the United States, 47.3% of respondents indicated that their
institution performed MR-VWI. Regionally, Eastern respondents
indicated the highest frequency of use (58.4%), followed by the
West (55.4%), South (45.8%), and Midwest (31.2%). For respond-
ents outside the United States, 67% indicated that their institution
performedMR-VWI. These included 80.6% European, 62.5% Asian
and South American, and 66% African; none of the Australian
respondents indicated MR-VWI use. In addition, 75% of Canadian
and 50% of Jamaican respondents performedMR-VWI.

Among institution types, 61.7% of
academic institutions’ responses indi-
cated that they performed MR-VWI,
compared with 52.3% of private prac-
tice, 66% of federal institutions, and
100% of hybrid practices. These were
among 114 responses with institutional
IP addresses.

Vendor Involvement
Two hundred fifty-seven total responses
indicated that MR-VWI was performed
on 3T MR imaging systems, compared
with 80 responses indicating use of 1.5T
MR imaging systems and 3 indicating
the use of 7T systems. MR-VWI was
most frequently performed on 3T
Siemens MR imaging systems (59.9%;
127/212), followed by 3T GE Healthcare
MR imaging systems (34.0%; 72/212)
and 3T Philips Healthcare MR imaging
systems (26.9%; 57/212). See the Online
Supplemental Data for further details. Of
responses, 71.2% indicated that they per-
formed MR-VWI on only 3T MR imag-
ing systems; 7.1%, on 1.5T systems only;
and 21.7%, on both 3T and 1.5T systems
at their respective institutions.

Of respondents, 42.0% indicated that
their institution had a research agree-
ment with the vendor, 36.8% indicated
they did not, and 21.2% were not sure.
For those with a vendor research agree-
ment, 31.9% sought help from the ven-
dor for development of their MR-VWI
protocol, and 38.8% did not, while 29.4%
were not sure. For those that developed a
protocol in collaboration with the vendor
that was satisfactory to their clinical
needs, 49.2% did so with Siemens; 30.5%,
with GE Healthcare; and 28.0%, with

FIG 2. Is intracranial vessel wall MR imaging being clinically performed as? (choose all that apply)
Respondents = 213.

FIG 1. How often do you perform intracranial vessel wall MR imaging? Respondents = 214.
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Philips Healthcare (Online Supplemental Data). Of respondents,
38.0% indicated limited contributions from the vendors in the de-
velopment of their clinical protocols, 28.2% indicated initial difficul-
ties when working with the vendor with an eventual solution
reached, and 22.5% are still looking for a collaborative solution with
their MR imaging vendor; 16.2% indicated an excellent experience
working with the vendor on developing an MR-VWI protocol
(Online Supplemental Data). In the free-text response, 12 respond-
ents indicated unhappiness with their vendor engagement on

protocol development. For those that

responded that they did not seek vendor

support for protocol building, 40.3%

indicated limited vendor contributions,

while for those that indicated that they

had limited vendor contribution, 48%

indicated that they did not seek help

from the vendor and 20.4% did, while

31.5% were not sure.

MR-VWI Protocol
Of respondents, 51.2% indicated that
they exclusively used 3D MR-VWI pro-
tocols and 12.3% used only 2D proto-
cols; 36.5% performed combined 2D/3D
protocols; 60.6% pursued their approach
to protocols on the basis of published
literature, conference lectures, and/or
guidance from the ASNR Vessel Wall
Imaging Study Group; 29.6% designed
their protocols on the basis of the limita-
tions of their MR imaging equipment;
30.5% focused on workflow time con-
straints to guide protocol approach;
59.2% developed their protocol in-
house; 38.9% obtained the protocol
from the vendor; and 19.9% received
the protocol from another institution
(Online Supplemental Data).

Institutions most frequently used
postcontrast T1-weighted MR-VWI
sequences (89.1%), T1-weighted MR-
VWI (88.6%), and T2-weighted (39.3%)
sequences, respectively. For MRA tech-
niques, TOF-MRA (76.3%) and con-
trast-enhanced MRA (36.5%) were used
(Online Supplemental data).

Obstacles to Use of MR-VWI
One hundred ninety-seven respondents
(47.9%) indicated that their institution
was not performing MR-VWI. Of those
respondents, 56.7% indicated that the
reason was due to lack of ordering-pro-
vider interest, while 53.1% indicated that
it was due to limited radiologist expertise
in interpretation, 50.5% due to limited

personal knowledge of applications and value, 49.0% due to lack of
radiologists’ time or interest in providing input for protocol devel-
opment, and 46.4% due to lack of vendor or technical support for
protocol development. See Fig 4 for full details.

For those facing technical or expertise obstacles for perform-
ance of MR-VWI, 56.4% indicated that they would use the tech-
nique if these obstacles were overcome; 6.4% indicated that they
still would not (Online Supplemental data); and 37.3% were
unsure.

FIG 3. For what primary purpose does your institution perform intracranial vessel wall imaging?
(choose all that apply) Respondents = 213.

FIG 4. If your institution does not perform intracranial vessel wall MR imaging (only respond to
this question if you do not use intracranial vessel wall imaging), what barriers does your institution
face for implementation? (choose all that apply) Respondents = 194.
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Ordering Provider Interest in MR-VWI
Respondents indicated that the following ordering-provider special-
ties approached radiology departments with interest in MR-VWI
performance (respondents could indicate.1 specialty): stroke neu-
rology (56.5%), neurosurgery (25.1%), and rheumatology (14.2%);
34.3% indicated that no ordering providers had expressed interest
in MR-VWI (Fig 5).

For respondents indicating that neurology was the only clinical
service that ordered examinations, the most common reason was
for vasculopathy differentiation (71.1%), followed by cryptogenic
stroke (33.0%). For respondents who received requests from neu-
rology and neurosurgery, vasculopathy differentiation remained the
most common (83.3%), followed by aneurysm (60.0%) and athero-
sclerosis (41.7%) characterization for vulnerability. For those who
received requests from neurology, neurosurgery, and rheumatology,
vasculopathy differentiation was most common (80.8%), followed
by aneurysm characterization (57.7%) and cryptogenic stroke
(50.0%). See Table 2 for further details.

MR-VWI Impact on Patient Management
Of respondents, 40.6% believed that MR-VWI had led to an
impact on patient management at their institution, 37.5%
believed it had not impacted patient care, and 21.9% were unsure.

DISCUSSION
MR-VWI is a technique that has gained use across.50% of radiol-
ogy departments that took part in this survey. The technique has
shown value in vasculopathy characterization6,7,9,10 and differentia-
tion,3-5 prediction of outcomes,11,12 and association with patient
symptoms.6,15 To our knowledge, the current survey study is the
first assessing use, approaches, vendor relations, and indications for
performance of MR-VWI. Of ASNR member respondents, 52.1%
indicated that they were performing MR-VWI for intracranial

vasculopathy differentiation, crypto-
genic stroke etiology evaluation, and
atherosclerosis with aneurysm charac-
terization for vulnerability being the
most common indication. Almost 72%
of respondents indicated that MR-VWI
was performed at their institution at
least 1–2 times per month, with 41.1%
performing the technique at least once
per week. Respondents most frequently
indicated a successful interaction with
Siemens in protocol development; how-
ever,,45% indicated development of a
protocol with more than limited contri-
butions from the vendor, and 16% indi-
cated an excellent experience. However,
these responses are because almost half
of those that indicated limited vendor
contribution never sought vendor help
for protocol development, indicating
the need for increased radiologist-to-
vendor outreach and engagement. The
most common approach to protocols

was the use of 3D sequences, indicated by .87% of respondents
with protocols developed in-house. The most common protocol
constructions were based on recommendations or approaches
outlined by the ASNR Vessel Wall Imaging Study Group, pub-
lished literature, or lectures at national meetings. The most com-
mon barriers to MR-VWI implementation were lack of ordering-
provider interest, lack of expertise in interpretation, limited per-
sonal knowledge of MR-VWI value or applications, lack of time
or interest by the radiologist in providing protocol input, and
lack of vendor or technical support for protocol development.

Protocols most commonly included T1-weighted, T1-weighted
postcontrast, T2-weighted MR-VWI sequences, and TOF-MRA
and contrast-enhanced MRA for luminal imaging, respectively.
T1-weighted pre- and postcontrast high-resolution sequences are
central to MR-VWI performance because assessment of enhance-
ment contributes to vasculopathy differentiation,3,5 determination
of culprit status of atherosclerosis9,16 and aneurysms,15 association
with increased aneurysm vulnerability scores,8 symptoms,6 risk of
growth,7 associations with recurrent stroke,12,17 association with
subsequent vasospasm development,11 and identifying appropri-
ate biopsy targets.18 T2-weighted MR-VWI is less frequently used,
likely in many groups, due to time constraints; however, T2-
weighted sequences have shown additional value in differentiating
vasculopathies.4 While luminal stenosis measurements are more
accurate on MR-VWI compared with TOF-MRA,2,19 TOF-MRA
is frequently included in MR-VWI protocols because it provides
easier identification of stenoses, luminal irregularities, and aneur-
ysms. Contrast-enhanced MRA is also frequently used because it
provides more accurate depiction of slow or turbulent flow than
TOF-MRA.

The reluctance to implement MR-VWI with little experience
or training is well-founded, considering the high frequency of in-
terpretive pitfalls encountered with these examinations.20 A ma-
jority of those not performing MR-VWI (56.4%) indicated that if

FIG 5. Have your clinicians approached the radiologists in your group in regard to performing intra-
cranial vessel wall imaging? If so, which clinician groups? (choose all that apply) Respondents = 359.

AJNR Am J Neuroradiol 43:951–57 Jul 2022 www.ajnr.org 955



technical or expertise barriers were overcome, their institution
would perform MR-VWI. Therefore, both vendor involvement
with users and user willingness to reach out to vendors are funda-
mental to the implementation of MR-VWI in clinical practice.
This requirement was highlighted in the survey by most respond-
ents indicating limited or no contribution from the vendors in
the development of successful clinical protocols, yet nearly half of
the respondents that indicated limited vendor contribution never
sought help from their vendors. Increased societal engagement
with vendors is also necessary to share expert opinions on techni-
cal and clinical approaches and the value and applications of MR-
VWI and to help optimize technique development and imple-
mentation. In addition, there are various technical parameters to
be manipulated in the MR-VWI sequences, including spatial re-
solution, the timing between injection and postcontrast sequence
acquisition, and specific sequence preparation to decrease slow-
flow artifacts. The sheer number of options and variables contrib-
utes to general uncertainty in how to construct the optimal MR-
VWI sequence.

This survey conveys the high level of interest from ordering
providers and neuroradiologists in MR-VWI and its potential in
the diagnosis and characterization of intracranial vascular dis-
eases. Considering that many respondents indicated a lack of
knowledge of MR-VWI applications and imaging interpretation
and limited technical expertise, MR-VWI could be even further
incorporated into clinical practice with improved education from
national and international societies, journals, and study groups.
This education can be accomplished through an increased repre-
sentation ofMR-VWI at national and international radiology con-
ferences, through conference sessions on MR-VWI, MR-VWI
cases of the day at conferences and on societal webpages, case pre-
sentations from experts on social media, peer-reviewed educa-
tional publications in radiology and nonradiology clinical journals
and webinars, and engagement through institutional multidiscipli-
nary conferences. Through improved knowledge by radiologists
of appropriate applications of MR-VWI and correct examination
interpretation, ordering providers will better understand the
potential diagnostic impact of the technique.

Improved and automated reconstruction, segmentation, quanti-
tation, and disease identification algorithms can also facilitate
adoption of MR-VWI. Tools that are agnostic about vendor plat-
forms and techniques could improve generalization and use.
Software solutions that make MR-VWI interpretation more
standardized, efficient, reproducible, and definitive would facili-
tate development of standard interpretation approaches and
contribute to the development of improved imaging guidelines.
These tools could also facilitate the development of automated,
quantitative metrics that could help differentiate vasculopathies

and stratify patient risk of vasculopathy complications, including
stroke and subarachnoid hemorrhage, as well as tracking treat-
ment responses. Because these tools would reduce the burden on
radiologists’ expertise and technical homogeneity, neuroradiol-
ogy and ordering-provider teams would more readily rely on
MR-VWI and its output.

Stroke neurologists were the most common ordering provider
with interest in MR-VWI. Considering nearly one-third of respond-
ents indicated that no ordering providers had inquired about MR-
VWI at their institution, further education of relevant providers on
the value of MR-VWI through their societies via educational ses-
sions at annual meetings, webinars, targeted publications, and edu-
cation through institutional multidisciplinary conferences can even
further increase interest in the technique and lead to increased insti-
tutional adoption.

The current survey has a number of limitations. First, it was a
voluntary survey of a national society with a relatively low
response rate; thus, selection bias based on those more motivated
to respond to the survey due to interest may be present. In addi-
tion, neuroradiologists or radiologists who interpret neuroradiol-
ogy studies but are not members of ASNR would not have had an
opportunity to respond. This process leads to a limited sampling
of the total population of neuroradiologists. Second, this survey
was performed in 2019, and due to the rapid evolution of MR
imaging technology and the relatively quick adoption of MR-
VWI, the responses of some respondents may have changed dur-
ing the past 2 years. Third, the survey was anonymous; thus, we
did not request names or institutions of respondents. While we
did use IP addresses of respondents to mitigate redundant insti-
tutional responses, this was not available for all institutions, so it
is still possible that .1 response could have come from some
institutions, potentially presenting bias toward larger institutions.

CONCLUSIONS
Intracranial vessel wall MR imaging is a technique that is used by
.50% of institutions as indicated by this survey of the American
Society of Neuroradiology membership, primarily for intracranial
vasculopathy differentiation, cryptogenic stroke, and atherosclero-
sis and aneurysm risk assessment. Approximately half of respond-
ents reported limited expertise in interpretation, half reported
limited knowledge of applications, and half reported technical limi-
tations in protocol development as barriers to implementation. In
addition, one-third expressed no provider interest in intracranial
vessel wall MR imaging. These survey results highlight the need for
further education of neuroradiologists and relevant ordering pro-
viders by national and international societies and the ASNR Vessel
Wall Imaging Study Group and increased engagement with ven-
dors to overcome technical limitations in protocol implementation,

Table 2: Institutional indications for MR-VWI performance relative to ordering provider interest

Ordered by Research
Atheroma

Risk
Aneurysm

Risk
Differentiate
Vasculopathy

Cryptogenic
Stroke

Neurology only (n = 97) (No.) (%) 12 (12.4) 24 (24.7) 11 (11.3) 69 (71.1) 32 (33.0)
Neurology and neurosurgery (n = 60) (No.) (%) 16 (26.7) 25 (41.7) 36 (60) 50 (83.3) 23 (38.3)
Neurology, neurosurgery, and rheumatology (n = 26) (No.) (%) 15 (57.7) 10 (38.5) 15 (57.7) 21 (80.8) 13 (50)
Neurosurgery only (n = 5) (3 blank for reasons) (No.) (%) 1 (20) 0 (0) 1 (20) 2 (40) 1 (20)
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especially as the increasing adoption of vessel wall MR imaging
across practices continues.

Disclosure forms provided by the authors are available with the full text and
PDF of this article at www.ajnr.org.
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