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OBJECTIVE: To evaluate the utility of the 1 Tesla (1 T) Embrace (Aspect Imaging) neonatal magnetic resonance imaging (MRI)

scanner in a level Il NICU.

STUDY DESIGN: Embrace brain MRI findings for 207 infants were reviewed, including 32 scans directly compared within 5 days
with imaging on a 3 T Siemens Trio. Clinical MRI scan abnormalities were also compared to cranial ultrasound findings.

RESULT: Of the 207 Embrace brain MRIs, 146 (70.5%) were obtained for clinical indications and 61 (29.5%) were research cases.
Abnormal findings were found in 80 scans, most commonly hemorrhage and white matter injury. Notable findings included a
stroke, medullary brainstem tumor, and polymicrogyria. In the 1 T versus 3 T comparison cohort, results were discordant in only one
infant with punctate foci of susceptibility noted only on the 3T scan.

CONCLUSION: The Embrace MRI scans detected clinically relevant brain abnormalities and in a subset were clinically comparable to

3T scans.

Journal of Perinatology (2022) 42:873-879; https://doi.org/10.1038/s41372-022-01387-5

INTRODUCTION

Magnetic resonance imaging (MRI) in the neonatal period provides
invaluable information regarding brain injury and development
[1, 2]. MRI helps identify infants at risk for suboptimal neurodevelop-
mental outcomes and can provide insight into structural abnorm-
alities prior to the emergence of their functional consequences [3].

Both access to and application of MRI techniques for the
neonatal population continue to evolve [4]. Notable advance-
ments include the development of MRI compatible incubators
[5-7], neonatal head coils [8], strategies for obtaining neonatal
MRIs without sedation [9], and most recently, a specialized
neonatal intensive care unit (NICU) MRI scanner dedicated to
the neonatal population [10, 11].

Despite these advances, not all institutions acquire brain MRI
scans in their NICU population for several reasons including limited
scanner accessibility in radiology departments and perceived lack of
clinically actionable findings. MRI in the neonatal intensive care unit
is principally applied for two clinical indications - the first is to
determine the nature and extent of brain injury in the term born
infant with neonatal encephalopathy, most who have undergone
therapeutic hypothermia (TH). The second common indication is in
defining the type and extent of brain injury and altered brain
development in the preterm infant.

In relation to the term born infant who has undergone TH for
hypoxic ischemic encephalopathy (HIE), MRI is regarded as a
standard of care. MRl in this population defines the nature of brain
injury and its potential timing [12]. In fact, MRI findings of injury

have been shown to be highly predictive of neurodevelopmental
outcomes in the term born infants with HIE, both with and without
hypothermia treatment [13-15].

In the preterm infant, controversy remains over the type and
timing of neuroimaging needed [16, 17]. While many preterm
infants receive cranial ultrasound (cUS), MRI is more sensitive in
defining the nature and extent of abnormalities, including
cerebellar hemorrhage and cerebral white matter injury [18-22].
White matter injury (WMI) is seen on MRI in over one third of
preterm infants born between 24-32 weeks gestation [23]. From a
recent meta-analysis review comparing the diagnostic utility of
cUS with that of MRI, the latter was determined to be more
optimal for examining the nature of brain injury and predicting
later neurodevelopmental outcomes in the preterm infant [17].
Cerebellar hemorrhage is one of the more common forms of brain
injury in preterm infants, seen in up to 20% of preterm infants
[24, 25]. MRI has been demonstrated to have higher sensitivity for
the detection of cerebellar hemorrhages compared to cUS, which
detects only larger hemorrhages [26, 27].

In both populations, MRl may play an important role in detecting
and evaluating brain injuries and abnormalities that may impact
short- and long-term neurodevelopmental outcomes [28-32]. MRl is
particularly well-suited for identifying infants who could benefit from
neurorehabilitation during a period of plasticity in the developing
nervous system [33]. It is notable that for adults or children who may
be at risk for brain injury and/or have spent significant time in an
intensive care unit, the use of neuroimaging with MRI to define the
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Table 1. Normal and abnormal scans in preterm, term equivalent, and term MRIs of the 146 Aspect MRIs with clinical use and 61 scans for research.
Normal Abnormal #1 Abnormal finding #2 Abnormal finding
Clinical scans Preterm MRI 6 8 IVH (n=4) WMI (n =3)
TEA MRI 28 32 GMH/IVH (n = 14) WMI (n=7)
Term MRI 53 19 IVH/Hemorrhage* (n =9) Focal WMI (n=7)
Research scans Preterm MRI 8 6 GMH (n=4) WMI (n = 3)
TEA MRI 18 6 GMH/Hemorrhage* (n =5) WMI (n =4)
Term MRI 14 9 GMH/Hemorrhage* (n = 3) Focal WMI (n=2)

*Hemorrhage may include cerebellar, choroid plexus, parenchymal, subependymal, subpial, or subarachnoid hemorrhage, if unrelated to parturition.
GMH Germinal matrix hemorrhage, IVH Intraventricular hemorrhage, TEA Term equivalent age, WM/ White matter injury.

presence of brain injury or abnormalities is often the standard of care
[34-37]. Unfortunately, for the preterm infant who may spend many
months in the NICU, this is not the case.

Brigham and Women'’s Hospital (BWH) is uniquely equipped with
an FDA approved in-NICU MRI scanner, the Embrace Neonatal MRI
System (Aspect Imaging). The in-NICU MRI scanner offers numerous
benefits. It is specifically designed to accommodate the sickest most
unstable NICU infants supported by many devices, such as nitric
oxide administration, that are difficult to transport out of the NICU
and cannot enter the scanner room of a traditional 1.5 or 3 Tesla (3
T) MRI. Having an MRI system on the NICU floor may also lower
patient risk during intra-hospital transport off unit by reducing
exposure risk to infection, eliminating change in intravenous lines,
decreasing time away from bedside, and providing easy access to
lifesaving equipment and personnel.

The objective of this paper is to summarize our clinical
experience with the 1T in-NICU Embrace Neonatal MRI scanner
in a level Il NICU at BWH over approximately 2 years, including the
diagnostic capability with general use and a subset of comparative
3T MRI scans.

SUBJECTS AND METHODS

From January 2019 until March 2021, 207 preterm (infant born <37 weeks
gestation) and term infants were admitted to the level Il NICU at BWH.
They received either clinically indicated MRIs (per BWH clinical practice
guidelines) or were recruited for research MRIs (with consent obtained for
the study from the Institutional Review Board). Clinical MRIs are reviewed
and reported by one of a team of pediatric neuroradiologists at Boston
Children’s Hospital. The standard of practice at Boston Children’s is to
review all neonatal research MRIs in the clinical workflow and therefore all
research studies were reviewed and reported in the same format as clinical
studies.

MRI reports for all 207 infants who received MRIs in the in-NICU Embrace
scanner were reviewed. As a comparison to the MRI, cUS reports for the
abnormal clinical scans were also examined. Standard clinical cUS is
obtained within the first 12 h of life for term HIE infants and for preterm
infants, standard clinical cUS is obtained within the first 3 days of life, day
7-10, day 28, and at term equivalent age (TEA).

A subset of 32 infants participated in a study directly comparing the
Embrace 1T MRI system (Aspect Imaging) with a 3T MRI system (Siemens
Trio). For this study, both imaging sets were read by a pediatric
neuroradiologist and scans were acquired from the same infant within
5 days of each other. From March 2020 onwards, due to COVID-19, all
neonatal clinical MRIs were performed in the Embrace system with few
exceptions.

There were some notable incidental findings, unrelated to the infant’s
NICU course, that were first captured on the Embrace scanner. Lastly, we
highlight a series of three standout compassionate care cases where the
Embrace scanner had an impact on continuation or redirection of care.

Magnetic resonance imaging procedures

To prepare for the scan, infants are fed 30-40 min prior. In the Embrace
scanner suite, earplugs and Natus MiniMuffs® Noise Attenuators are placed
in and over the ears with a hat to secure. An MRI compatible pulse
oximeter probe and MRI compatible quatrode chest leads are placed on
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the infant. Infants are then swaddled firmly in a blanket to secure their
arms and body and limit motion before placing in the pre-heated
temperature-controlled MRI bed. During the scan, infant vitals are
monitored and recorded every 10min by a nurse. The infant's face
remains visible on a video monitor while in the scanner.

Sequences

The imaging protocols on the Embrace MRI scanner consist of multiplanar
pulse sequences designed by Aspect Imaging for assessment of brain
structure and function. These sequences were improved over time with the
most recent acquisition parameters including but not limited to the
following:

1. Tl-weighted Fast Spin Echo scan parameters: slice thickness =3-4
mm, TR=600, TE= 12, FOV = 140 mm, acquisition matrix = 200 x
200, pixel bandwidth = 200 Hz, number of averages = 1-2.

2. T1-weighted 3D Gradient Echo scan parameters: TR =20, TE=3.5,
slice thickness =1 mm, acquisition matrix = 140 x 140 x 100(slices),
flip angle = 15, pixel bandwidth = 286 Hz, number of averages = 1.

3. T2-weighted Fast Spin Echo scan parameters: TR=10-13s, TE=
130-150, slice thickness=3-4 mm, FOV =140 mm, acquisition
matrix = 200 x 200, pixel bandwidth = 250 Hz, number of averages
=2, Echo train length (ETL) = 20, echo spacing =12 ms.

4. Diffusion Weighted “Turbo Spin Echo” Imaging parameters: TR = 14,
TE =125, slice thickness =3-4, FOV=140x 110 mm, acquisition
matrix =92 x 72 (using partial Fourier acceleration), diffusion b-
value=1000, ETL=43, pixel bandwidth=435Hz, number
averages =4, echo spacing=9ms with calculated Exponential
Images and Apparent Diffusion Coefficient maps.

Analysis

MRI reports were classified as either normal or abnormal. Normal were
categorized using keywords: “no gross abnormalities”, “no significant
abnormality”, “unremarkable”, or “normal” as written in the impression.
Any minor parturitional findings, such as minor subdural hemorrhage,
were also classified as normal. “Abnormal” signified any MRI with a report
that could not be classified as normal such as findings of volume loss,
prominence of subarachnoid space, WMI, hypoxic ischemic injury, tumor,
ischemic injury, any form of hemorrhage, malformations, or used language
such as “punctate” or “foci”.

RESULTS

Of the 207 Aspect MRIs, 146 (70.5%) scans were clinically indicated
cases and 61 (29.5%) were performed for research purposes. In
total, there were 94 scans in term born infants, 85 scans in preterm
infants imaged at TEA, and 28 scans in preterm infants imaged
prior to term. The clinical scans in the Embrace MRI included the
following neonatal populations: critically ill preterm infants
imaged for injury severity (n=14), high risk preterm infants
routinely imaged at TEA (n=60), term born infants who have
undergone TH (n=52), and term born infants imaged for other
clinical concern (n = 20). Of the 146 infants scanned for clinical
indications, Embrace images were interpreted to have abnormal
findings on 59 scans (40.4%).
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Fig. 1

Image comparison of MRI findings on the 1 Tesla Embrace (left) and 3 Tesla scanners (right). a Siemens Trio: sagittal T2 weighted

imaging shows perisylvian polymicrogyria (arrows). b Siemens Prisma: axial diffusion weighted imaging shows left occipital PCA infarct
(arrow). PCA: posterior cerebral artery. ¢ Siemens Verio: sagittal T2 weighted images show left medullary brainstem tumor (arrow).

For the 61 infants scanned for research purposes, these were
obtained in serially imaged preterm infants (n = 13), preterm at
TEA and typical term born infants in the comparison subset (n =
32) (one imaged prior to term), and term born infants who were
evaluated for TH and did not receive treatment (n = 16). Of these
research MRIs, there were a total of 21 abnormal scans (34.4%).

For all scans, the most common abnormalities were hemor-
rhage (most commonly intraventricular or germinal matrix
hemorrhage) and WMI (Table 1). Of these findings, most were
seen in the preterm population (n = 52) with term abnormalities
being less common (n = 28). In total, there were only nine cases
(9/207, 4.3%) where expert neuroradiologists requested a repeat
MRI using the 3T scanner following the 1T scan for magnetic
resonance angiography, magnetic resonance venography, or
magnetic resonance spectroscopy or to obtain higher resolution
imaging for diagnostic purposes.

Comparison of 1T and 3T MRI scanners

In the 32 infants (n =1 preterm, n =24 TEA, and n =7 term born)
with both Embrace 1T and 3T scans, the 1T report correlated

Journal of Perinatology (2022) 42:873 -879

with the 3 T report for the presence of injury in all but one case. In
this one case, there were very small scattered punctate suscept-
ibility foci in the cerebellum seen on the 3T and not on the
Embrace 1T. Reduced sensitivity for hemorrhage due to the
absence of susceptibility weighted imaging on the 1T scanner
was a likely explanation for increased sensitivity for hemorrhage
with the 3 T. Overall, there was no difference in the severity of
brain injury noted between the 1T and 3 T magnets. In addition to
the injury, there was a notable case where the initial 3T MRI was
reported as normal while the 1T Embrace scan reported right
perisylvian polymicrogyria (Fig. 1a).

Comparison of MRI and cUS

Of the 59 abnormal clinical scans (n = 8 preterm, n =32 TEA, and n
=19 term born), there were 15 cases in which the complementary
cUS were reported as normal. Of the 17 clinical MRIs with reported
WMI, there were 10 where MRI detected WMI and the cUS was
reported as either normal or showed abnormalities not involving the
white matter (Table 2, cases 1-10). Two MRIs detected injury
patterns consistent with HIE, which were undetected on the cUS
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Fig.2 Compassionate care cases. a Very preterm infant. Axial T1 weighted image (left) and T2 weighted image (right) show ventriculomegaly
and intraventricular hemorrhage. b Extremely preterm infant with respiratory failure and gram-negative E. Coli sepsis. Axial T2 weighted
image left shows intraventricular hemorrhage with regions of medullary vein thromboses (left). Axial DWI (middle) and ADC map (right) show
severe diffuse white matter and thalamic decreased diffusion consistent with severe diffuse injury. ¢ Term infant scanned on day 4 of life. Axial
T2 weighted image (left), axial Diffusion Weighted Image (middle), and axial ADC map (right) in a neonate with hypoxic ischemic

encephalopathy shows severe diffuse injury on DWI.

(Table 2, cases 11 and 12). There were 25 cases of hemorrhage
detected or suspected on cUS while only 20 on MRI.

Incidental findings first discovered on the embrace

In the preterm subjects receiving biweekly research MRIs until TEA,
one infant had moderately severe WMI. Based on these findings,
more intensive physical and occupational therapy services were
implemented while in the NICU.

In another research population of term infants evaluated for
TH treatment but who did not meet treatment criteria, MRIs
were obtained. Of the 15 scans obtained on the Embrace
scanner, four were classified as abnormal. One MRI detected a
stroke in a term baby imaged on day of life three with decreased
diffusion and increased T2 signal involving the left occipital lobe
consistent with an infarct in the posterior cerebral artery
territory. Additional small foci of decreased diffusion were seen
along the medial left posterior frontal and parietal cortex, likely
representing small foci of additional embolic events in the
posterior cerebral artery/middle cerebral artery watershed
territories (Fig. 1b). Another scan in this population incidentally
detected an expansile T2 hyperintense ventral medulla lesion
in a term baby also imaged on day of life three, which
was concerning for a low-grade glioma (Fig. 1c). This finding

Journal of Perinatology (2022) 42:873 - 879

warranted consultation and close follow-up with neurology,
neurosurgery, and neuro-oncology.

Compassionate care cases
The advantages of the in-NICU MRI were recognized in a time of
great need when it was utilized for NICU infants with severe
clinical instability in a series of compassionate care cases. Under
these circumstances, critically ill infants were unable to leave the
unit, which led to the scanner's use as a clinical tool prior to
becoming the primary diagnostic scanner for NICU infants per the
approval by the Departments of Neonatology and Neuroradiology.

In one case (Fig. 2a), a very preterm infant with severe
posthemorrhagic ventricular dilation had cUS with recommen-
dations to obtain an MRI to better assess injury and aid in
prognosis. Given the prematurity, weight, and ventilator depen-
dence, compassionate care access to the NICU scanner was
obtained. MRI findings showed severe ventriculomegaly and
bilateral grade Il intraventricular hemorrhage with simplified
gyral pattern for age but no other lesions. The parents elected to
continue intensive care; presently, this infant has significant
developmental delay.

In a second case (Fig. 2b) of an extremely preterm infant who
was critically ill on a high frequency jet ventilator and inotrope
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infusions with sepsis and meningoencephalitis, there was concern
over the extent of brain injury. cUS showed a small amount of
intraventricular hemorrhage but amplitude integrated electro-
encephalography showed more severe background abnormality
and frequent seizures suggestive of greater abnormality. MRI
detected severe WMI and parenchymal destruction with a poorer
prognosis than previously anticipated. The information provided
by the MRI led to the family’s decision to provide supportive care
only and the infant passed away peacefully.

The final compassionate care case (Fig. 2¢) involved a term
infant, with severe encephalopathy and multiorgan dysfunction.
The infant’s electroencephalogram confirmed moderate to severe
encephalopathy. The baby was comatose on a high frequency
ventilator with nitric oxide, eight infusions, and extremely
unstable. MRI findings revealed limited anterior white matter
and cortical injury, not diffuse severe injury as expected. These
findings led to a continuation of care. This infant has typical
developmental outcomes at 12 months of age.

DISCUSSION

The Embrace system, optimized for in-NICU MRI of infants, has the
potential to be a valuable clinical tool in providing information for
care and treatment. In the small cohort with 3T comparison, the
Embrace provided images with a similar diagnostic yield and the
cohort with cUS comparison demonstrated superiority in the
detection of brain injury. In clinical and research use, the Embrace
scanner demonstrated findings of clinical significance.

With the unexpected COVID-19 pandemic, we were forced to re-
evaluate our previous clinical standard of acquiring neonatal MRIs in
an adult off-unit 3T MRI. Having access to an in-unit MRI proved to
be extremely practical and useful during a time when leaving the
unit was highly undesirable. Following this change in practice, we
undertook a much larger number of both clinical and research scans
on the in-NICU MRI system allowing us to gain confidence in its
clinical utility. As a result, the Embrace has become the primary
clinical scanner for our neonatal population at BWH.

By directly comparing the image quality and diagnoses made
between our 1T and 3T magnets, we were able to demonstrate
the potential diagnostic utility of a lower Tesla magnet in a clinical
setting. However, the 1T magnet has its limitations. It lacks the
ability to obtain magnetic resonance spectroscopy, magnetic
resonance angiography, and magnetic resonance venography.
Although it provides diffusion weighted and apparent diffusion
coefficient maps, it cannot generate diffusion tensor maps for
tractography. If needed, this requires the use of the 3T scanner.
Sensitivity to subtle structural abnormalities relative to a 3T MRl is
also unknown. However, based on expert review, less than 10% of
our babies scanned required additional magnetic resonance scans
on the 3T MRI system due to these limitations.

One of the most valuable facets of the Embrace MRI is being
able to scan the sickest infants at greatest risk for brain injury to
aid in prognosis and guide parental decision making, as evidenced
by our compassionate care cases. In one case, information led to
the redirection of care while in the two other cases, it led to
continued care. One of these two surviving infants has favorable
short-term outcomes. Thus, MRI can provide reassuring informa-
tion in addition to defining more severe and extensive injury.

An in-NICU neonatal MRI provides this vulnerable population
equal access to a tool that was previously only designed with the
adult patient in mind. The Embrace scanner is enhancing access to
accurate neuroimaging of the neonatal brain with resultant
knowledge to drive improved patient care.

DATA AVAILABILITY
The datasets generated during and/or analysed during the current study are not
publicly available due to this being clinical data that is part of the clinical record and
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not available for data sharing but are available from the corresponding author on
reasonable request.
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