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Abstract
Magnetic resonance imaging (MRI) provides high-contrast resolution and is the preferred diagnostic tool for
neurological disease. However, long exam times discourage MRI in emergency settings, and high-field MRI
scanners (1.5-3T) require dedicated imaging suites. New, portable low-field-strength MRI machines (0.064T)
have lower resolution than fixed MRI, but do not require restrictive environments or intrahospital transport.
We present a case of a 78-year-old male with altered mental status who underwent 0.064T portable MRI and
fixed 3T MRI exams in the emergency department. Imaging showed no evidence of acute infarction or
intracranial lesions. The 0.064T images were of poor quality relative to 3T sequences, but the results of the
portable MRI agreed with the conventional 3T MRI and a computed tomography scan from the same day.
The compatible imaging results suggest that portable, low-field MRI can aid in neurological diagnosis
without transporting patients to the MRI suite. Further studies should expand this comparison between
high- and low-field MRI to better characterize the role and clinical applications of point-of-care MRI.
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Introduction
Magnetic resonance imaging (MRI) has high-contrast resolution and is the preferred imaging modality for
neurological disease [1,2]. There is no risk of radiation with MRI, and it is particularly useful for soft tissues,
hemorrhage, and neuroimaging [1]. However, MRI requires patient transport to an expensive machine and
imaging suite.

Intrahospital transport increases the risk of patient harm and transmission of infection, resulting in
additional costs [3,4]. The transport of critical care patients poses additional challenges, as adverse events
occur in up to 70% [5-8]. Significant delays between MRI order and exam completion are associated with
increased hospital length of stay (LOS) and cost [9,10]. Cheng et al. observed that MRI access was a predictor
for failure to meet established LOS targets (odds ratio 19.33) and was significantly higher than computed
tomography (CT) or ultrasound [11]. Due to long exam times, MRI is often not feasible in emergency
settings, despite its high resolution and diagnostic advantages. Conventional, high-strength MRI scanners
(1.5-3T) require restricted imaging suites and more training for technicians. Access to MRI is limited for
patients in intensive care and isolation, as well as those with implanted devices [1,12,13]. Additionally, the
purchase, installation, and maintenance of MRI devices is costly, and MRI uses significantly more energy
than CT [1,13,14].

The recent development of low-strength magnetic field technology for MRI (0.064T) has enabled rapid
neuroimaging at the point of care (POC). These portable machines, currently only available for brain
imaging, have lower resolution than conventional, fixed MRI, but can be used in the emergency department
(ED) and intensive care unit. They also have minimal risk of magnetic projectile accidents, requiring fewer
safety precautions and less training for technicians [12,13]. The cost of an MRI scanner is over one million
US dollars per tesla of magnetic field, and the machine must be housed in a restricted suite with specific
power and cooling sources [1,12,13]. These limitations are addressed by POC MRI, which has ferromagnetic
compatibility and can be performed at lower cost than the standard 1.5-3T magnet [12,13].

Case Presentation
A 78-year-old man with end-stage renal disease presented to the ED with altered mental status. His
daughter reported that he had two nights of hallucinations that progressed to whole-body shaking that
morning. The patient’s baseline was alert and oriented to person, place, and time. He missed hemodialysis
on the date of admission, but there were no other recent changes to his health. 

The patient presented with a heart rate of 75 beats per minute, blood pressure of 131/95 millimeters of
mercury, respiratory rate of 18 breaths per minute, oral temperature of 36.4 degrees centigrade, and an
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oxygen saturation of 99% on room air. A right-sided facial droop was noted. No other significant findings
were recorded from the physical or neurological exams. His speech was unaffected, and he had no other focal
neurological findings. 

A CT of the head without intravenous (IV) contrast was performed 30 minutes after arrival in the ED. The
exam was normal, with no intracranial hemorrhage, midline shift, herniation, or hydrocephalus. There was
mild to moderate atrophy and white matter attenuation, as well as intracranial vascular calcifications and
trace fluid in the left mastoid air cells. The paranasal sinuses were clear, with a normal appearance of the
surrounding bone and soft tissue.

After consultation with neurology, a portable MRI brain scan was ordered without IV contrast and
performed 6 hours after arrival. The scan revealed scattered subcortical and deep T2/fluid-attenuated
inversion recovery (FLAIR) hyperintense foci, along with prominent sulci and ventricles (Figure 1A).
Periventricular white matter changes were also evident on representative FLAIR and T2-weighted slices
(Figures 2A, 2B). The bony structures were intact, and the paranasal sinuses and mastoid air cells were clear.
There was no significant change between the scan and a previous MRI from two years earlier. The diffusion-
weighted imaging sequence was repeated twice, due to involuntary motion of the patient. After consultation
with the radiologist, the patient was sedated and a 3T MRI brain without IV contrast was done 13.5 hours
following arrival for higher imaging resolution.

FIGURE 1: A T2-weighted image from a portable brain scan using a
0.064T magnet without intravenous contrast (A) demonstrates
prominent ventricles with patency of the suprasellar and quadrigeminal
plate cisterns, which is confirmed on a 3T MRI (B).
MRI, magnetic resonance imaging.
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FIGURE 2: FLAIR (A) and T2-weighted (B) images from a portable brain
scan using a 0.064T magnet highlights small white matter changes
along the periventricular margin (arrowheads).
FLAIR, fluid-attenuated inversion recovery.

The 3T scan was negative for acute infarction, midline shift, herniation, and hydrocephalus. T2/FLAIR
hyperintensities in the central pons and white matter were noted, along with prominent ventricles (Figure
1B). Multiple foci (predominantly lobar punctate microhemorrhages) were evident in the right cerebral
hemisphere and left basal ganglia. The major vascular flow voids were present, along with a trace amount of
fluid in the left mastoid air cells. The paranasal sinuses were clear, and the surrounding osseous and soft
tissues were unremarkable. There was no evidence of intracranial abnormalities or significant changes
compared to the low-strength MRI exam.

After the CT and MRI results were negative for structural causes, the patient was admitted to a neurology
stepdown unit the same night for encephalopathy.

Discussion
To our knowledge, this is the first report comparing fixed and portable MRI in an emergency setting in the
same patient on the same day for a potential acute neurological event.

Low-field MRI machines are compatible with nearby ferromagnetic materials and can operate on standard
120-volt electrical power, allowing use outside of the MRI suite. Metal objects and standard ventilators,
pumps, and other life support devices are permitted close to the machine [12-14]. This permits bedside
neuroimaging of critical care patients with implanted defibrillators, pacemakers, cochlear implants, and
nerve stimulators. The lower cost of POC MRI may enable small hospitals or clinics to purchase and
maintain MRI machines. This could expand access and neurological care in rural or underserved areas [1,12].

While the 0.064T images were of poor quality relative to the 3T images, some of these were due to patient
movement, rather than inherent differences in resolution. The patient was given sedation for the standard
machine, but not for the POC MRI exam.

The results of the POC MRI agreed with the fixed 3T MRI and CT scans. This suggests that the new machine
can aid in neurological diagnosis, without the limitations of conventional scanners. Additional studies are
necessary to determine the diagnostic capacity of portable MRI for patients with positive findings. 

Conclusions
The concordant results between 0.064T MRI, 3T MRI, and CT readings in this case support the use of POC
MRI for the detection of neurological pathology in the ED. As low-field MRI machines provide low-
resolution images, follow-up study with a 1.5-3T MRI may be required in the case of movement artifacts or
nondiagnostic images. The lower cost of POC MRI could also enable imaging in clinics or under-resourced
institutions. We plan a prospective case series at this academic medical center for a more representative
comparison between high- and low-field MRI technology.

Additional Information
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Disclosures
Human subjects: Consent was obtained or waived by all participants in this study. UCI Human Research
Protections issued approval n/a. The University of California, Irvine (UCI) Human Research Protections
Program complies with all review requirements defined in 45 CFR Part 46, Protection of Human Subjects. 45
CFR 46.102(e) defines research as a systematic investigation, including research development, testing and
evaluation, designed to develop or contribute to generalizable knowledge; and 45 CFR 46.102(f) defines a
human subject as a living individual about whom an investigator conducting research (i) obtains information
or biospecimens through intervention or interaction with the individual, and uses, studies, or analyzes the
information or biospecimens; or (ii) obtains, uses, studies, analyzes, or generates identifiable private
information or identifiable biospecimens. Private information includes information about behavior that
occurs in a context in which an individual can reasonably expect that no observation or recording is taking
place, and information that has been provided for specific purposes by an individual and that the individual
can reasonably expect will not be made public (e.g., a medical record). The UCI Human Research Protections
(HRP) staff reviewed the information pertaining to the project “MRI at the Bedside: A Case Report
Comparing Fixed and Portable MRI for Suspected Stroke” and concluded that the project, as described, does
not qualify as human subjects research because the activities do not involve human subjects. Therefore, the
research is not subject to UCI IRB review and approval. Conflicts of interest: In compliance with the ICMJE
uniform disclosure form, all authors declare the following: Payment/services info: All authors have
declared that no financial support was received from any organization for the submitted work. Financial
relationships: All authors have declared that they have no financial relationships at present or within the
previous three years with any organizations that might have an interest in the submitted work. Other
relationships: All authors have declared that there are no other relationships or activities that could appear
to have influenced the submitted work.

References
1. Cooley CZ, McDaniel PC, Stockmann JP, et al.: A portable scanner for magnetic resonance imaging of the

brain. Nat Biomed Eng. 2021, 5:229-39. 10.1038/s41551-020-00641-5
2. Mier W, Mier D: Advantages in functional imaging of the brain . Front Hum Neurosci. 2015, 9:249.

10.3389/fnhum.2015.00249
3. Turpin J, Unadkat P, Thomas J, et al.: Portable magnetic resonance imaging for ICU patients . Crit Care

Explor. 2020, 2:e0306. 10.1097/CCE.0000000000000306
4. Knight PH, Maheshwari N, Hussain J, et al.: Complications during intrahospital transport of critically ill

patients: focus on risk identification and prevention. Int J Crit Illn Inj Sci. 2015, 5:256-64. 10.4103/2229-
5151.170840

5. Bergman LM, Pettersson ME, Chaboyer WP, Carlström ED, Ringdal ML: Safety hazards during intrahospital
transport: a prospective observational study. Crit Care Med. 2017, 45:e1043-9.
10.1097/CCM.0000000000002653

6. Brunsveld-Reinders AH, Arbous MS, Kuiper SG, de Jonge E: A comprehensive method to develop a checklist
to increase safety of intra-hospital transport of critically ill patients. Crit Care. 2015, 19:214.
10.1186/s13054-015-0938-1

7. Papson JP, Russell KL, Taylor DM: Unexpected events during the intrahospital transport of critically ill
patients. Acad Emerg Med. 2007, 14:574-7. 10.1197/j.aem.2007.02.034

8. Kue R, Brown P, Ness C, Scheulen J: Adverse clinical events during intrahospital transport by a specialized
team: a preliminary report. Am J Crit Care. 2011, 20:153-61; quiz 162. 10.4037/ajcc2011478

9. Cournane S, Conway R, Creagh D, Byrne DG, Sheehy N, Silke B: Radiology imaging delays as independent
predictors of length of hospital stay for emergency medical admissions. Clin Radiol. 2016, 71:912-8.
10.1016/j.crad.2016.03.023

10. Drose JA, Pritchard NL, Honce JM, Snuttjer DK, Borgstede JP: Utilizing process improvement methodology to
improve inpatient access to MRI. Radiographics. 2019, 39:2103-10. 10.1148/rg.2019190043

11. Cheng I, Zwarenstein M, Kiss A, Castren M, Brommels M, Schull M: Factors associated with failure of
emergency wait-time targets for high acuity discharges and intensive care unit admissions. CJEM. 2018,
20:112-24. 10.1017/cem.2017.16

12. Sheth KN, Mazurek MH, Yuen MM, et al.: Assessment of brain injury using portable, low-field magnetic
resonance imaging at the bedside of critically ill patients. JAMA Neurol. 2020,
10.1001/jamaneurol.2020.3263

13. Sarracanie M, LaPierre CD, Salameh N, Waddington DE, Witzel T, Rosen MS: Low-cost high-performance
MRI. Sci Rep. 2015, 5:15177. 10.1038/srep15177

14. Heye T, Knoerl R, Wehrle T, et al.: The energy consumption of radiology: energy- and cost-saving
opportunities for CT and MRI operation. Radiology. 2020, 295:593-605. 10.1148/radiol.2020192084

2021 Hovis et al. Cureus 13(8): e16904. DOI 10.7759/cureus.16904 4 of 4

https://dx.doi.org/10.1038/s41551-020-00641-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/s41551-020-00641-5?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fnhum.2015.00249?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.3389/fnhum.2015.00249?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/CCE.0000000000000306?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/CCE.0000000000000306?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/2229-5151.170840?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4103/2229-5151.170840?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/CCM.0000000000002653?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1097/CCM.0000000000002653?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13054-015-0938-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1186/s13054-015-0938-1?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1197/j.aem.2007.02.034?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1197/j.aem.2007.02.034?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4037/ajcc2011478?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.4037/ajcc2011478?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.crad.2016.03.023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1016/j.crad.2016.03.023?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1148/rg.2019190043?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1148/rg.2019190043?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/cem.2017.16?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1017/cem.2017.16?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamaneurol.2020.3263?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1001/jamaneurol.2020.3263?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/srep15177?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1038/srep15177?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1148/radiol.2020192084?utm_medium=email&utm_source=transaction
https://dx.doi.org/10.1148/radiol.2020192084?utm_medium=email&utm_source=transaction

	MRI at the Bedside: A Case Report Comparing Fixed and Portable Magnetic Resonance Imaging for Suspected Stroke
	Abstract
	Introduction
	Case Presentation
	FIGURE 1: A T2-weighted image from a portable brain scan using a 0.064T magnet without intravenous contrast (A) demonstrates prominent ventricles with patency of the suprasellar and quadrigeminal plate cisterns, which is confirmed on a 3T MRI (B).
	FIGURE 2: FLAIR (A) and T2-weighted (B) images from a portable brain scan using a 0.064T magnet highlights small white matter changes along the periventricular margin (arrowheads).

	Discussion
	Conclusions
	Additional Information
	Disclosures

	References


