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BACKGROUND: White matter hyperintensity (WMH) on magnetic resonance imaging (MRI) of the brain is associated with vas-
cular cognitive impairment, cardiovascular disease, and stroke. We hypothesized that portable magnetic resonance imaging
(PMRI) could successfully identify WMHSs and facilitate doing so in an unconventional setting.

METHODS AND RESULTS: In a retrospective cohort of patients with both a conventional 1.5Tesla MRI and pMRI, we report
Cohen’s kappa (k) to measure agreement for detection of moderate to severe WMH (Fazekas >2). In a subsequent prospec-
tive observational study, we enrolled adult patients with a vascular risk factor being evaluated in the emergency department
for a nonstroke complaint and measured WMH using pMRI. In the retrospective cohort, we included 33 patients, identifying
16 (49.5%) with WMH on conventional MRI. Between 2 raters evaluating pMRI, the interrater agreement on WMH was strong
(x=0.81), and between 1 rater for conventional MRI and the 2 raters for pMRI, intermodality agreement was moderate (k=0.66,
0.60). In the prospective cohort we enrolled 91 individuals (mean age, 62.6years; 53.9% men; 73.6% with hypertension), of
which 58.2% had WMHs on pMRI. Among 37 Black and Hispanic individuals, the Area Deprivation Index was higher (versus
White, 51.8+£12.9 versus 37.9+11.9; P<0.001). Among 81 individuals who did not have a standard-of-care MRI in the preceding
year, we identified WMHs in 43 of 81 (53.1%).

CONCLUSIONS: Portable, low-field imaging could be useful for identifying moderate to severe WMHs. These preliminary results
introduce a novel role for pMRI outside of acute care and the potential role for pMRI to reduce disparities in neuroimaging.
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Magnetic resonance imaging (MRI)-detected white

matter hyperintensity (WMH) seen on T2-weighted
and fluid-attenuated inversion recovery sequences is
present to some degree in over half of community-based
adults aged >60years.>® WMH is a primary risk factor
for vascular cognitive impairment and dementia and
in a recent meta-analysis was a superior biomarker of

Brain health is the leading concern of healthy aging."?

vascular cognitive impairment and dementia risk com-
pared with other neuroimaging biomarkers.” WMH is
also an independent risk factor for cardiovascular dis-
ease and stroke. "

Black and Hispanic patients have the highest prev-
alence of dementia in the United States'™ and a higher
incidence of cardiovascular disease and stroke.'®™
In patients with dementia, WMH is more common in
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CLINICAL PERSPECTIVE
What Is New?

Our results show that it is possible to identify
moderate to severe white matter hyperintensity
of the brain on portable magnetic resonance
imaging (MRI) with moderate agreement com-
pared with conventional 1.5Tesla MRI and that
a diverse cohort of patients can be swiftly en-
rolled in a screening study using point-of-care
portable MRI.

What Are the Clinical Implications?

e The implication of these preliminary findings is
that portable MRI could be used either to deter-
mine the burden of white matter hyperintensity
in populations where it may be challenging to
perform conventional MRI or to identify white
matter hyperintensities for the purpose of clini-
cal trial inclusion.

Nonstandard Abbreviations and Acronyms

ARIC Atherosclerosis Risk in Communities
cMRI conventional MRI

LADIS Leukoaraiosis and Disability

pMRI portable MRI

WMH  white matter hyperintensity

Hispanic and non-Hispanic Black individuals.'® Because
the accumulation of WMH can be slowed by control of
hypertension and vascular risk factor optimization,'®°
MRI-based identification of WMH will become increas-
ingly important. However, studies have shown that Black
and Hispanic and socioeconomically disadvantaged pa-
tients are less likely to get diagnostic imaging.2°* The
emergency department (ED) is a safety-net setting where
underrepresented individuals often present with poorly
controlled hypertension and other chronic medical con-
ditions.?°2* Patient engagement in this location could
provide a unique context for identification of individuals
with WMH who are at high risk for the neurologic con-
sequences of inadequate vascular risk factor control.?
Portable MRI (pMRI) is a cost-effective and acces-
sible technology with the capability to be deployed in
point-of-care settings.?® Beginning in 2018, we de-
ployed the world’s first prototype pMRI into a clinical
setting. This low magnetic field approach is compact
enough to fit into a patient room, rolls on wheels, and
operates on a standard 120-volt wall plug (Figure 1).
The scanner operates at a static field strength of
64 milliTesla and requires no radiofrequency shielding.
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The fluid-attenuated inversion recovery sequence
used to identify WMH takes 9minutes to acquire. We
have published feasibility and performance results of
PMRI in 5 hospital-based cohorts with neurologic dis-
ease.?"3" Recently, a study of 36 adults with known or
suspected multiple sclerosis demonstrated that pMRI
could detect >90% of white matter lesions seen on
conventional MRI (cMRI).%?

In the current study, we hypothesized that pMRI
fluid-attenuated inversion recovery images would be
sufficient for identifying the presence of moderate to
severe WMH. Contingent on demonstrating the first hy-
pothesis, we secondarily hypothesized that we would
be able to enroll a diverse cohort and identify moderate
to severe WMH at the point-of-care in ED rooms.

METHODS

Study Design

We conducted a 2-stage cross-sectional study. The
first stage aimed at evaluating pMRI (Swoop, Hyperfine,
Inc., Guilford, CT) as a tool to identify moderate to
severe WMH and included patients who underwent
both 1.5Tesla cMRI and pMRI as part of standard
clinical care. The second stage used pMRI to identify
moderate to severe WMH at the point of care in a
patient population without acute neurologic pathology.

First Stage

We performed a retrospective analysis of a conveni-
ence sample of patients who received a pMRI and
cMRI (1.5Tesla) while hospitalized at Yale-New Haven
Hospital during 2021 to determine the interrater and
intermodality agreement for the presence of moder-
ate to severe WMH, defined as a Fazekas score >2,
which is referred to as WMH in the remainder of the
manuscript.3® These patients were admitted to the hos-
pital for stroke or strokelike symptoms, but none had
large-vessel occlusion or large territorial stroke. Fluid-
attenuated inversion recovery images on the cMRI were
graded by a board-certified neuroradiologist (S.P.), and
the pMRI images were graded by 2 board-certified vas-
cular neurologists (A.D. and R.S.). All raters were blinded
to clinical diagnoses and other imaging sequences. For
this analysis, we report Cohen’s kappa (k) to measure
agreement for detection of WMH between the 2 pMRI
raters (interrater) as well as the intermodality agreement
between 1 rater for cMRI and the 2 raters for the pMRI.

Second Stage

The second-stage cohort was prospectively enrolled
between December 13, 2021 and July 6, 2022 in the
Yale New Haven Hospital ED, a busy tertiary care urban
ED. Inclusion criteria included a nonstroke complaint
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Figure 1. 64 milliTesla low-field portable magnetic resonance imaging in a patient room in the

emergency department.

for ED admission; a body habitus that permitted posi-
tioning within the scanner’s head coil; and a vascular
risk factor, including a prior diagnosis of hypertension,
actively taking an antihypertensive medication, a re-
corded systolic blood pressure >160mmHg, hyper-
lipidemia, atrial fibrillation, congestive heart failure, or
diabetes. We excluded 4 patients from this cohort, 2
of whom declined to self-report race and 2 of whom
reported Asian race, which was not a large enough
sample to be informative.

The study procedures were performed in an ED
room at the point of care, while patients received their
unrelated clinical workup. A board-certified neurora-
diologist (S.P. or G.S) interpreted the pMRI for the
presence or absence of WMH and was blinded to
the patient diagnosis. We compared demographics,
the Area Deprivation Index, and Montreal Cognitive
Assessment score between individuals with and with-
out WMH using Student’s ¢ test and the chi-squared or
Fisher’s exact test depending on frequency. The Area
Deprivation Index is based on a measure created by
the Health Resources and Services Administration >3
decades ago, refined by researchers at the University of
Wisconsin—-Madison in 2018,* that reflects social deter-
minants of health at a neighborhood level. We mapped
the participant’s zip code to the corresponding Area
Deprivation Index value. All analyses were performed in
Stata 17.0 (StataCorp, College Station, TX).

J Am Heart Assoc. 2023;12:€029242. DOI: 10.1161/JAHA.122.029242

Standard Protocol Approvals,
Registrations, and Patient Consents

First Stage: Because this study was retrospective and
used standard-of-care clinical data, informed consent
was not obtained, but the protocol was approved by
the Yale institutional review board.

Second Stage: The pMRI was not part of standard
care, so informed consent was obtained by the partici-
pant before a Montreal Cognitive Assessment test and
a research pMRI were conducted, under the auspices
of the Yale institutional review board.

Data Availability
Anonymized study data will be available to qualified
investigators from the corresponding author upon
reasonable request.

RESULTS

In the first-stage cohort, we included 33 hospitalized
patients with both a cMRI and pMRI, identifying 16
(49.5%) individuals with WMHSs (Fazekas >2) on cMRI
(Figure 2). The 2 raters of the pMRIs had strong inter-
rater agreement on the presence of WMHs (k=0.81).
Compared with the cMRI, the pMRI reviewers had
moderate intermodality agreement on the presence of
WMHSs (x=0.66, 0.60).
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Minimal or no WMH
Portable Conventional

WMH

Portable Conventional
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Portable
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Figure 2. An example of patients with a portable and conventional magnetic resonance imaging
showing minimal appreciable burden of WMH (top left) and examples of WMH on both modalities.

WHM indicates white matter hyperintensity.

Of the 91 individuals in the prospectively enrolled co-
hort, 53 (58.2%) had WMHs identified on pMRI. In those
with WMHSs (versus without WMHSs), the mean age was
older (66.8 versus 56.7 years; P<0.001) and there was
a higher rate of hyperlipidemia (82.7% versus 63.2%;
P=0.036) and atrial fibrillation (26.4% versus 7.9%;
P=0.030). Other baseline covariates were not signifi-
cantly different between the subgroups (Table). Of the
91 individuals, 10 (11.0%) had a standard-of-care brain
MRI in the year preceding enrollment. Among the 81 in-
dividuals who did not have a standard-of-care MRl in the
preceding year, we identified WMHSs in 43 of 81 (53.1%).

After stratifying by race and ethnicity, there were 54
non-Hispanic White, 22 non-Hispanic Black, and 15
Hispanic individuals. Among the 37 Black and Hispanic
individuals, the Area Deprivation Index was significantly
higher (51.8+12.9 versus 37.9+11.9; P<0.001), insured sta-
tus was numerically lower (86.5% versus 96.3%; P=0.085),
and the rate of college- or graduate-level education was
significantly lower (21.6% versus 44.4%; P=0.025).

DISCUSSION

Our results show that it may be possible to identify
moderate to severe WMHs on pMRI and that a di-
verse cohort can be swiftly enrolled using point-of-
care pMRI. In the 81 individuals who did not have a
standard-of-care MRI brain in the year preceding study
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enrollment, we identified moderate to severe WMHs in
53.1%. The implication of these findings is that pMRI
could be used either to determine the burden of WMHs
in populations where it may be challenging to perform
cMRI or to identify WMHSs for the purpose of clinical
trial inclusion. Even with existing knowledge regard-
ing population-level risk for the presence of WMH, the
challenges of using conventional MRI-based ascer-
tainment are significant. Patients are required to travel
to a facility with an available MRI and schedule the
exam. Claustrophobia and costs (device and technical/
professional fees) are often prohibitive. These barriers
subsequently manifest in real-world settings.

Portable MRI offers a potential solution to many of
the complications posed by cMRI. To reach patients
who live far from MRI facilities or face other travel-
related obstacles, future efforts could involve bringing
the pMRI to the patient. The pMRI has been success-
fully loaded onto a modified cargo van and used to
scan individuals at their residence.?® Additionally,
PMRI’'s open geometry provides a less confined space
than the typical cMRI bore, thus alleviating claustro-
phobia. In this study, we demonstrate the feasibility of
using pMRI in ED patient rooms in a high-volume ter-
tiary care environment. The ED environment is an ex-
cellent example of a point of care where there is higher
socioeconomic diversity and is a safety net for many
patients who may not otherwise have access to medi-
cal care or neuroimaging.5-%7
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Table. Comparison of Demographics* After Stratification
by WMH Presence on Portable MRI

No WMH WMH

Variable (n=38) (n=53) P value
Age 56.7+11.6 66.8+13.1 <0.001
Race or ethnicity 0.301

White 19 (50.0) 35 (66.0)

Black 11 (29.0) 11 (20.8)

Hispanic 8 (21.00% 7 (18.2)
Male sex 22 (57.9) 27 (50.9) 0.512
>College education 12 (31.6) 20 (37.7) 0.544
Employment status 0.042

Employed 18 (47.3) 20 (37.8)

Unemployed 11 (23.7) 28 (9.4)

Retired 9(29.0) 5(52.8)
Insured 36 (94.7) 48 (90.6) 0.352
Area Deprivation 43.8+15.2 43.9+13.4 0.986
Index (n=87)
Hypertension 27 (71.1) 40 (75.5) 0.637
Antihypertensive 26 (68.4) 38 (71.7) 0.736
medication
Diabetes 11 (29.0) 17 (32.1) 0.750
Hyperlipidemia 24 (63.2) 43(82.7) 0.036
(n=90)
Atrial fibrillation 3(7.9) 14 (26.4) 0.030
Congestive heart 7 (18.4) 5(9.4) 0.228
failure
Smoking (n=89) 4 (11.1) 8 (15.1) 0.589
Montreal Cognitive 23 (22-26) 23 (21-26) 0.402
Assessment (N=77)

MRI indicates magnetic resonance imaging; and WMH, white matter
hyperintensity.

*Binary variables presented as n (%); ordinal variables as median
(interquartile range); and continuous variables as mean+SD.

Black, Hispanic and socioeconomically disadvan-
taged patients are less likely to get diagnostic imag-
ing in both the ED and outpatient settings.?°* This is
a major concern because in a large histopathologic
study of patients with dementia, a burden of cerebro-
vascular disease sufficient to contribute to dementia
was present in 28% of non-Hispanic White versus
54% of Hispanic subjects and 40% of non-Hispanic
Black patients.!”® Portable MRI in the ED allowed us
to efficiently enroll 91 individuals and identify 53 with
WMH, of which 34% (18/53) were non-Hispanic Black
or Hispanic, 9.4% (5/53) lacked medical insurance,
and 62.3% (33/53) had less than a college degree. The
ability to enroll underserved participants is vital for the
generalizability of future WMH research.

The 58.2% prevalence of WMHs in this study is com-
parable to prior population-level estimates of WMH. In
the ARIC (Atherosclerosis Risk in Communities) study,
the prevalence of any WMH was 64.8% in participants,
with a mean age of 62.5 years.2 Among 578 individuals
in the LADIS (Leukoaraiosis and Disability) study, the
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prevalence of moderate WMH was 55% in participants,
with a mean age of 74.1years.®® The small differences
in prevalence between these studies and our cohort
likely reflect the distinct definitions of WMH presence.
Nonetheless, the prevalence of WMH recorded in our
study is consistent enough that it bolsters the argu-
ment that point-of-care pMRI can provide valuable
information on brain health.

This study has several limitations that warrant men-
tion. The most important is that we conducted the
study in a health care setting, albeit a nontraditional
one for MRI scanning (ED patient room). The second
limitation is that we enrolled individuals presenting for
emergency medical care, which may create a selec-
tion bias. Finally, we did not adjudicate degrees of
WMH in this study, which is important for patient-level
risk stratification. At present, the signal-to-noise ratio
of pMRI is not high enough to provide accurate gra-
dation of WMH, so we focused on the ability of pMRI
to identify moderate to severe WMH, not quantify its
severity. We also did not attempt to identify patients
with mild WMH (Fazekas 1), as the false negative rates
would be too high with the current signal-to-noise. As
postprocessing of pMRI improves, accurately quan-
tifying WMH burden may be possible in future itera-
tions, but the extent of potential improvement remains
unknown.

Despite these limitations, there are several potential
future applications of pMRI in this context that warrant
discussion. pMRI can be used in other settings where
it is challenging to perform cMRI due to cost and travel
barriers, such as outreach clinics, health care fairs, or
lower-resourced international settings. Because pMRI
can be loaded onto a modified cargo van and used
to scan individuals at their residence, it could reach
patients who live far from health care facilities or face
other travel-related obstacles. pMRI could be used to
identify WMHSs for the purpose of clinical trial inclusion,
which would increase the diversity of participants and
make the trial results more generalizable. Finally, the
PMRI's open-geometry design provides a less con-
fined space than the typical cMRI bore, which may
alleviate claustrophobia and make the imaging ex-
perience more comfortable for patients, including for
those previously deterred from having MRI. This could
also increase the number of patients who are willing
to undergo neuroimaging studies, particularly in a lon-
gitudinal research or clinical setting with the need for
repeated examinations such as monitoring WMHSs over
time.

CONCLUSIONS

PpMRI is a potentially viable tool for identifying moder-
ate to severe WMHSs at point-of-care settings and can
facilitate rapid enroliment of diverse and understudied
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participants when strategically deployed. These pre-
liminary results introduce a novel role for pMRI outside
of acute care scenarios and the potential role for porta-
ble MRI to reduce neuroimaging health care disparities.

ARTICLE INFORMATION

Received December 22, 2022; accepted March 27, 2023.

Affiliations

Department of Neurology (A.d.H., N.R.P, AL.C., MHM., LR.C., VY., G.J.F,
R.S., K.N.S.) and Center for Brain and Mind Health (A.d.H., S.P., R.S., K.N.S.),
Yale University School of Medicine, New Haven, CT; Department of Neurology,
Division of Neurocritical Care, Massachusetts General Hospital, Boston, MA
(WT.K.); Computer Science and Atrtificial Intelligence Lab, Massachusetts
Institute of Technology, Cambridge, MA (J.E.l.); Centre for Medical Image
Computing, University College London, London, UK (J.E.l); Department of
Radiology (S.P., G.S.), Department of Neurosurgery (S.J.S.) and Department
of Emergency Medicine (B.S., C.W.); Athinoula A. Martinos Center for
Biomedical Imaging (J.E.I., M.S.R.), Department of Radiology (J.E.l., M.S.R.),
Massachusetts General Hospital and Harvard Medical School, Boston, MA;
and Department of Physics, Harvard University, Cambridge, MA (M.S.R.).

Sources of Funding

Dr de Havenon is funded by NIH-NINDS K23NS105924, RO1NS130189;
Dr Sheth by NIH-NINDS UO01INS106513, RO1NS11072, RO1NR018335,
RO1EB301114, ROIMD016178, RO3NS112859, U24NS107215, U24NS107136,
and American Heart Association 17CSA33550004; Dr Schiff by RO1AI145057
and ROTHD085853; and Dr Longbrake by K23NS107624. Dr Rosen and Dr
Kimberly are supported by the American Heart Association (Collaborative
Science Award 17CSA3355004) and by the National Institutes of Health
(RO1 NS099209). Dr Rosen also acknowledges the generous support of the
Kiyomi and Ed Baird MGH Research Scholar Award.

Disclosures

Dr de Havenon has received investigator-initiated clinical research funding
from the American Academy of Neurology, has received consultant fees from
Integra and Novo Nordisk, has equity in TitinKM and Certus, and receives
author fees from UpToDate. Dr Sheth reports investigator-initiated clinical re-
search funding to Yale from Hyperfine, Inc, Biogen, and Bard; reports from
Sense and Zoll, for data and safety monitoring services; compensation from
Cerevasc for consultant services; compensation from Rhaeos for consultant
services, compensation from Certus for consultant services; and a patent
pending for Stroke wearables licensed to Alva Health. Dr Longbrake reports
investigator initiated research funding to Yale from Genentech, and she has
received honoraria for consulting from Genentech, Bristol Myers Squibb,
NGM Bio, TG Therapeutics, Janssen, and Biogen. Dr Rosen is a founder and
equity holder of Hyperfine, Inc. The remaining authors have no disclosures
to report.

REFERENCES

1. Cole JH, Marioni RE, Harris SE, Deary IJ. Brain age and other bodily
‘ages’: implications for neuropsychiatry. Mol Psychiatry. 2019;24:266—
281. doi: 10.1038/541380-018-0098-1

2. Gorelick PB, Furie KL, ladecola C, Smith EE, Waddy SP, Lloyd-Jones
DM, Bae HJ, Bauman MA, Dichgans M, Duncan PW, et al. Defining
optimal brain health in adults: a presidential advisory from the
American Heart Association/American Stroke Association. Stroke.
2017;48:€284-e303. doi: 10.1161/STR.0000000000000148

3. Bryan RN, Cai J, Burke G, Hutchinson RG, Liao D, Toole JF, Dagher
AP, Cooper L. Prevalence and anatomic characteristics of infarct-like
lesions on MR images of middle-aged adults: the atherosclerosis risk in
communities study. Am J Neuroradiol. 1999;20:1273-1280.

4. Duanping L, Lawton C, Jianwen C, Toole JF, Bryan NR, Hutchinson RG,
Tyroler HA. Presence and severity of cerebral white matter lesions and
hypertension, its treatment, and its control. Stroke. 1996;27:2262-2270.
doi: 10.1161/01.STR.27.12.2262

5. Prabhakaran S, Wright CB, Yoshita M, Delapaz R, Brown T, DeCarli C,
Sacco RL. Prevalence and determinants of subclinical brain infarction:

J Am Heart Assoc. 2023;12:€029242. DOI: 10.1161/JAHA.122.029242

20.

21.

22.

Identification of WMH Using Portable MRI

the northern Manhattan study. Neurology. 2008;70:425-430. doi:
10.1212/01.wnl.0000277521.66947.e5

Poels MMF, lkram MA, van der Lugt A, Hofman A, Krestin GP, Breteler
MMB, Vernooij MW. Incidence of cerebral microbleeds in the general
population: the Rotterdam scan study. Stroke. 2011;42:656-661. doi:
10.1161/STROKEAHA.110.607184

Debette S, Schiling S, Duperron M-G, Larsson SC, Markus HS.
Clinical significance of magnetic resonance imaging markers of vascu-
lar brain injury: a systematic review and meta-analysis. JAMA Neurol.
2019;76:81-94. doi: 10.1001/jamaneurol.2018.3122

Mosley TH, Knopman DS, Catellier DJ, Bryan N, Hutchinson RG,
Grothues CA, Folsom AR, Cooper LS, Burke GL, Liao D, et al. Cerebral
MRI findings and cognitive functioning: the atherosclerosis risk in
communities study. Neurology. 2005;64:2056-2062. doi: 10.1212/01.
WNL.0000165985.97397.88

Prins ND, van Dijk EJ, den Heijer T, Vermeer SE, Jolles J, Koudstaal PJ,
Hofman A, Breteler MMB. Cerebral small-vessel disease and decline in
information processing speed, executive function and memory. Brain J
Neurol. 2005;128:2034-2041. doi: 10.1093/brain/awh553

Vermeer SE, Hollander M, van Dijk EJ, Hofman A, Koudstaal PJ,
Breteler MMB; Rotterdam Scan Study. Silent brain infarcts and white
matter lesions increase stroke risk in the general population: the
Rotterdam scan study. Stroke. 2003;34:1126-1129. doi: 10.1161/01.
STR.0000068408.82115.D2

Vermeer SE, Prins ND, den Heijer T, Hofman A, Koudstaal PJ, Breteler
MMB. Silent brain infarcts and the risk of dementia and cognitive de-
cline. N EnglJ Med. 2003;348:1215-1222. doi: 10.1056/NEJM0a022066
Matthews KA, Xu W, Gaglioti AH, Holt JB, Croft JB, Mack D, McGuire
LC. Racial and ethnic estimates of Alzheimer’s disease and related
dementias in the United States (2015-2060) in adults aged >65years.
Alzheimers Dement J Alzheimers Assoc. 2019;15:17-24. doi: 10.1016/j.
jalz.2018.06.3063

Mazimba S, Peterson PN. JAHA spotlight on racial and ethnic dispar-
ities in cardiovascular disease. J Am Heart Assoc. 2021;10:e023650.
doi: 10.1161/JAHA.121.023650

Graham G. Disparities in cardiovascular disease risk in the United
States. Curr Cardiol Rev. 2015;11:238-245. doi: 10.2174/1573403X1166
6141122220003

Filshtein TJ, Dugger BN, Jin L-W, Olichney JM, Farias ST, Carvajal-
Carmona L, Lott P, Mungas D, Reed B, Beckett LA, et al
Neuropathological diagnoses of demented Hispanic, black, and non-
Hispanic white decedents seen at an Alzheimer’s disease center.
J Alzheimers Dis. 2019;68:145-158. doi: 10.3233/JAD-180992

de Havenon A, Majersik JJ, Tirschwell DL, McNally JS, Stoddard G, Rost
NS. Blood pressure, glycemic control, and white matter hyperintensity
progression in type 2 diabetics. Neurology. 2019;92:e1168-e1175.
SPRINT MIND Investigators for the SPRINT Research Group, Nasrallah
IM, Pajewski NM, Auchus AP, Chelune G, Cheung AK, Cleveland ML,
Coker LH, Crowe MG, Cushman WG, et al. Association of Intensive vs
standard blood pressure control with cerebral white matter lesions.
JAMA. 2019;322:524-534. doi: 10.1001/jama.2019.10551

Bolandzadeh N, Tam R, Handy TC, Nagamatsu LS, Hsu CL, Davis JC,
Dao E, Beattie BL, Liu-Ambrose T. Resistance training and white matter
lesion progression in older women: exploratory analysis of a 12-month
randomized controlled trial. J Am Geriatr Soc. 2015;63:2052-2060. doi:
10.1111/jgs. 13644

Ngandu T, Lehtisalo J, Solomon A, Levélahti E, Ahtiluoto S, Antikainen
R, Backman L, Hanninen T, Jula A, Laatikainen T, et al. A 2 year mul-
tidomain intervention of diet, exercise, cognitive training, and vas-
cular risk monitoring versus control to prevent cognitive decline in
at-risk elderly people (FINGER): a randomised controlled trial. Lancet.
2015;385:2255-2263. doi: 10.1016/S0140-6736(15)60461-5

Schrager JD, Patzer RE, Kim JJ, Pitts SR, Chokshi FH, Phillips JS, Zhang
X. Racial and ethnic differences in diagnostic imaging utilization during
adult emergency department visits in the United States, 2005 to 2014.
J Am Coll Radiol. 2019;16:1036-1045. doi: 10.1016/j.jacr.2019.03.002
Marin JR, Rodean J, Hall M, Alpern ER, Aronson PL, Chaudhari PP,
Cohen E, Freedman SB, Morse RB, Peltz A, et al. Racial and ethnic
differences in emergency department diagnostic imaging at US chil-
dren’s hospitals, 2016-2019. JAMA Netw Open. 2021;4:¢2033710. doi:
10.1001/jamanetworkopen.2020.33710

Haas JS, Hill DA, Wellman RD, Hubbard RA, Lee Cl, Wernli KJ, Stout
NK, Tosteson ANA, Henderson LM, Alford-Teaster JA, et al. Disparities
in the use of screening magnetic resonance imaging of the breast in


https://doi.org//10.1038/s41380-018-0098-1
https://doi.org//10.1161/STR.0000000000000148
https://doi.org//10.1161/01.STR.27.12.2262
https://doi.org//10.1212/01.wnl.0000277521.66947.e5
https://doi.org//10.1161/STROKEAHA.110.607184
https://doi.org//10.1001/jamaneurol.2018.3122
https://doi.org//10.1212/01.WNL.0000165985.97397.88
https://doi.org//10.1212/01.WNL.0000165985.97397.88
https://doi.org//10.1093/brain/awh553
https://doi.org//10.1161/01.STR.0000068408.82115.D2
https://doi.org//10.1161/01.STR.0000068408.82115.D2
https://doi.org//10.1056/NEJMoa022066
https://doi.org//10.1016/j.jalz.2018.06.3063
https://doi.org//10.1016/j.jalz.2018.06.3063
https://doi.org//10.1161/JAHA.121.023650
https://doi.org//10.2174/1573403X11666141122220003
https://doi.org//10.2174/1573403X11666141122220003
https://doi.org//10.3233/JAD-180992
https://doi.org//10.1001/jama.2019.10551
https://doi.org//10.1111/jgs.13644
https://doi.org//10.1016/S0140-6736(15)60461-5
https://doi.org//10.1016/j.jacr.2019.03.002
https://doi.org//10.1001/jamanetworkopen.2020.33710

de Havenon et al

23.

24.

25.

26.

27.

28.

29.

30.

J Am Heart Assoc. 2023;12:€029242. DOI: 10.1161/JAHA.122.029242

community practice by race, ethnicity, and socioeconomic status.
Cancer. 2016;122:611-617. doi: 10.1002/cncr.29805

Ross AB, Rother MDM, Miles RC, Flores EJ, Boakye-Ansa NK, Brown
C, Narayan AK. Racial and/or ethnic disparities in the use of imaging:
results from the 2015 National Health Interview Survey. Radiology.
2022;302:140-142. doi: 10.1148/radiol.2021211449

Ross AB, Kalia V, Chan BY, Li G. The influence of patient race on the
use of diagnostic imaging in United States emergency departments:
data from the National Hospital Ambulatory Medical Care survey. BMC
Health Serv Res. 2020;20:840. doi: 10.1186/s12913-020-05698-1
D’Onofrio G, O’Connor PG, Pantalon MV, Chawarski MC, Busch
SH, Owens PH, Bernstein SL, Fiellin DA. Emergency department—
initiated buprenorphine/naloxone treatment for opioid dependence:
a randomized clinical trial. JAMA. 2015;313:1636-1644. doi: 10.1001/
jama.2015.3474

Deoni SCL, Medeiros P, Deoni AT, Burton P, Beauchemin J, D’Sa
V, Boskamp E, By S, McNulty C, Mileski W, et al. Development of a
mobile low-field MRI scanner. Sci Rep. 2022;12:5690. doi: 10.1038/
$41598-022-09760-2

Sheth KN, Mazurek MH, Yuen MM, Cahn BA, Shah JT, Ward A, Kim JA,
Gilmore EJ, Falcone GJ, Petersen N, et al. Assessment of brain injury
using portable, low-field magnetic resonance imaging at the bedside of
critically ill patients. JAMA Neurol. 2020;78(1):41-47.

Mazurek MH, Cahn BA, Yuen MM, Prabhat AM, Chavva IR, Shah
JT, Crawford AL, Welch EB, Rothberg J, Sacolick L, et al. Portable,
bedside, low-field magnetic resonance imaging for evaluation of in-
tracerebral hemorrhage. Nat Commun. 2021;12:5119. doi: 10.1038/
s541467-021-25441-6

Yuen MM, Prabhat AM, Mazurek MH, Chavva IR, Crawford A, Cahn BA,
Beekman R, Kim JA, Gobeske KT, Petersen NH, et al. Portable, low-field
magnetic resonance imaging enables highly accessible and dynamic
bedside evaluation of ischemic stroke. Sci Adv. 2022;8:eabm3952. doi:
10.1126/sciadv.abm3952

Sheth KN, Yuen MM, Mazurek MH, Cahn BA, Prabhat AM, Salehi
S, Shah JT, By S, Welch EB, Sofka M, et al. Bedside detection of

31.

32.

33.

34.

35.

36.

37.

38.

Identification of WMH Using Portable MRI

intracranial midline shift using portable magnetic resonance imaging.
Sci Rep. 2022;12:67. doi: 10.1038/s41598-021-03892-7

Beekman R, Crawford A, Mazurek MH, Prabhat AM, Chavva IR,
Parasuram N, Kim N, Kim JA, Petersen N, de Havenon A, et al. Bedside
monitoring of hypoxic ischemic brain injury using low-field, portable
brain magnetic resonance imaging after cardiac arrest. Resuscitation.
2022;176:150-158.

Arnold TG, Tu D, Okar SV, Nair G, By S, Kawatra KD, Robert-Fitzgerald
TE, Desiderio LM, Schindler MK, Shinohara RT, et al. Sensitivity of
portable low-field magnetic resonance imaging for multiple scle-
rosis lesions. Neurolmage Clin. 2022;35:103101. doi: 10.1016/j.
nicl.2022.103101

Fazekas F, Barkhof F, Wahlund LO, Pantoni L, Erkinjuntti T, Scheltens P,
Schmidt R. CT and MRiI rating of white matter lesions. Cerebrovasc Dis
Basel Switz. 2002;13(Suppl 2):31-36. doi: 10.1159/000049147

Kind AJH, Buckingham WR. Making neighborhood-disadvantage
metrics accessible—the neighborhood atlas. N Engl J Med. 2018;
378:2456-2458.

Boudreaux ED, Emond SD, Clark S, Camargo CA. Acute asthma among
adults presenting to the emergency department: the role of race/ethnic-
ity and socioeconomic status. Chest. 2003;124:803-812. doi: 10.1378/
chest.124.3.803

Hanchate AD, Dyer KS, Paasche-Orlow MK, Banerjee S, Baker WE,
Lin M, Xue WD, Feldman J. Disparities in emergency department visits
among collocated racial/ethnic Medicare enrollees. Ann Emerg Med.
2019;73:225-235. doi: 10.1016/j.annemergmed.2018.09.007

Brown LE, Burton R, Hixon B, Kakade M, Bhagalia P, Vick C, Edwards
A, Hawn MT. Factors influencing emergency department preference
for access to healthcare. West J Emerg Med. 2012;13:410-415. doi:
10.5811/westjem.2011.11.6820

Ryberg C, Rostrup E, Sjostrand K, Paulson OB, Barkhof F, Scheltens
P, Van Straaten ECW, Fazekas F, Schmidt R, Erkinjuntti T, et al. White
matter changes contribute to corpus callosum atrophy in the elderly:
the LADIS study. Am J Neuroradiol. 2008;29:1498-1504. doi: 10.3174/
ajnr.A1169


https://doi.org//10.1002/cncr.29805
https://doi.org//10.1148/radiol.2021211449
https://doi.org//10.1186/s12913-020-05698-1
https://doi.org//10.1001/jama.2015.3474
https://doi.org//10.1001/jama.2015.3474
https://doi.org//10.1038/s41598-022-09760-2
https://doi.org//10.1038/s41598-022-09760-2
https://doi.org//10.1038/s41467-021-25441-6
https://doi.org//10.1038/s41467-021-25441-6
https://doi.org//10.1126/sciadv.abm3952
https://doi.org//10.1038/s41598-021-03892-7
https://doi.org//10.1016/j.nicl.2022.103101
https://doi.org//10.1016/j.nicl.2022.103101
https://doi.org//10.1159/000049147
https://doi.org//10.1378/chest.124.3.803
https://doi.org//10.1378/chest.124.3.803
https://doi.org//10.1016/j.annemergmed.2018.09.007
https://doi.org//10.5811/westjem.2011.11.6820
https://doi.org//10.3174/ajnr.A1169
https://doi.org//10.3174/ajnr.A1169

	Identification of White Matter Hyperintensities in Routine Emergency Department Visits Using Portable Bedside Magnetic Resonance Imaging
	Methods
	Study Design
	First Stage
	Second Stage
	Standard Protocol Approvals, Registrations, and Patient Consents
	Data Availability

	Results
	Discussion
	Conclusions
	Sources of Funding
	Disclosures
	References


