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Abstract

Background. The use of a specialized MR-compatible incubator (INC) is very poorly described in the literature
and only with regard to brain imaging.

Objectives. To present our own experience with brain and body magnetic resonance imaging (MRI) in the INC
in a large cohort of neonates.

Material and methods. A total of 555 examinations were performed in 530 newborns with the use
ofa 1.5T system and Nomag IC 1.5 incubator, equipped with head and body coils.

Results. More than half of neonates (54%) were prematurely born at 22 + 6—36 + 6 gestational weeks.
They were examined from the first to 153 days of life (median: 18.5, mean: 37.7) with body weights
6005000 g (mean: 3051 g), 23% of less than 2500 g. The proportion of brain MRIs to other body regions was
533:85 =86%:14%. In 36.6% of cases, MRI showed more abnormalities than ultrasound (USG), in a further
21.8%, MRI diagnosis was completely different, in 4.7%, a pathology described on a USG was ruled out
on MRI. The superiority of MRI over USG was 63.1%.

Conclusions. MR-compatible incubator significantly increased the availability of MRI to newborns, especially
to premature and unstable newborns. The integration of body coils into the INC increased the spectrum
of examinations and made possible the scanning not only of the brain but also the body. Dedicated neonatal
coils improved image quality and allowed more accurate diagnosis than the previously used adult coils.
Immobilization of the babies in the INC by means of Velcro belts and head fixation inserts is better than
in adult coils. The closed space of the INCisolates newborns to a greater extent from the negative influence
of noise in the MR environment.
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Introduction

Since the time when we published our first experience
with magnetic resonance imaging (MRI) in neonates with
the use of a specialist incubator compatible with an MRI
system (INC),! 5 more papers including the keywords
“MRI”, “neonates” and “MR compatible incubator” have
been added to PubMed and 2 of these are ours.>?® Al-
though the first publication concerning INC dates back
to 2003,* there are only 22 articles devoted to this sub-
ject in PubMed now (including 3 of ours) and almost all
of them are focused on safety issues and brain imaging.*~’
Our INC, equipped with a head coil and a body coil, allows
more than neuroimaging, and we have noticed the growing
role of neonatal body MRI in everyday clinical practice.
Our first reports concerned the first 27 and 47 newborns
examined, respectively.* Now we present our experi-
ence with brain and body MRI after having performed
555 of the procedures at the Institute of Mother and Child
in Warszawa, Poland.

Material and methods
Patients

Over 4 years (2013-2017), we performed 555 MRI ex-
aminations (in 287 boys and 268 girls) in 530 neonates
(275 boys, 255 girls), always after ultrasound (USG), per-
formed by a radiologist. Institutional Bioethics Com-
mittee approval was acquired even though this is a ret-
rospective study (decision No. 26/2017). In each case,
written informed consent for clinical MRI was obtained
from the patients’ parents or legal guardians. In urgent
cases, in the absence of parents/guardians, consent
to the study was signed by a commission of 3 doctors.
The examinations were always performed in the presence
of an anesthesiologist.

Equipment

All neonates were examined using a GE Signa HDxT
1.5 T system (GE Healthcare, Chicago, USA) and MR-
compatible incubator Nomag IC 1.5 by Lammers Medical
Technology Co. (Liibeck, Germany), with temperature and
humidity adjustment, equipped with non-magnetic gas
cylinders with a capacity of 5 L of oxygen at a maximum
pressure of 200 bar, with a non-magnetic gas cylinder
pressure reducing valve with flow adjustment in the range
of 0—5 L/min, respirator with a non-magnetic air pres-
sure reducing valve, pulse oximeter measuring heart rate
within the range of 20-300 bpm and partial oxygen pres-
sure within the range of 1-100%. From the point of view
of imaging, the most important equipment were 3 MRI
coils: An 8-channel, phased-array neonatal head coil and
a 12-channel phased-array coil for the body, consisting
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of an 8-channel coil integrated in the INC bed and a sepa-
rate 4-channel surface coil. The neonates were immobi-
lized with Velcro belts and head fixation inserts. Separate
neonatal noise attenuators were not used as the dual-wall
structure of the INC lowers the noise level around the pa-
tient by approx. 12—15 dB and the head fixation inserts
mentioned above provide further protection.

Anesthesia

To induce anesthesia, atropine at a dose of 0.01 mg/kg
of body weight and thiopental at a dose of 4—7 mg/kg
were used in all children. Four patients from the study
group required respiratory support with a ventilator in-
tegrated with the INC, the others kept their own breath.
In the freely breathing group, passive oxygen therapy was
used in the INC. Vital signs, heart rate and oxygen satu-
ration were monitored using a wireless oximeter adapted
to work in a magnetic field. The medical gases came from
non-magnetic cylinders. The babies did not require a cat-
echolamine supply. During the study, due to a lack of in-
fusion pumps adapted for operation in a magnetic field,
the supply of intravenous fluids was stopped. The time
without infusion did not exceed 30 min.

Image analysis

Assessment of the quality of the MR examinations was
performed on the basis of a visual inspection. The im-
ages were assessed in agreement by 2 radiologists (MBF,
26 years of experience with MRI, 21 years of experience
with neonatal MRI, and one of the remaining authors)
in each case and final diagnoses were reached by con-
sensus. The superiority of MRI over USG was defined
as the MR visualization of elements and features that were
not visualized by USG.

Results
Characteristics of patients

Most of the neonates were prematurely born: in 286/530
cases (54%), they were born at a gestational age (GA)
of 22 + 6-36 + 6 weeks. For the whole study group, the mean
age at birth was 32.5 gestational weeks (GW) (range 22—-41
GW). Neonates were examined from the 1% day of postna-
tal life to 153 days (mean: on the 37.7" day of life), depend-
ing on clinical status and suspected pathology. Seventeen
neonates (3.2%) were scanned on the 1%t day of postnatal life
and 124 neonates (23.4%) within the 15 week. On the day
of the MRI, the body weight of the newborns ranged be-
tween 600 g and 5000 g, with a mean of 3051 g (median
3040 g). At the moment of the examination, 109 neonates
(19.6%) had body weight of less than 2500 g, 16 (2.9%) of less
than 1500 g and 3 (0.5%) of less than 1000 g.
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Characteristics of examinations

Five-hundred eighteen examinations (518/555 = 93.5%)
were performed under pharmacological sedation, 37 (6.5%)
in physiological sleep. There were no anesthetic complica-
tions in our material.

In the analyzed material there were 533 brain examina-
tions, 5 studies of orbits, 21 of the vertebral column, spinal
canal and cord, 18 of the head and neck, 6 of the thorax, 33
of the abdomen and pelvis, and 2 of joints. In 31 neonates
we scanned 2 body regions, in 3 babies 3 regions and in 2
babies 4 regions, at one time. Therefore, 555 procedures to-
taled 598 examined regions of the body. Twenty-four babies
had an initial examination and a follow-up study and 1 was
scanned 3 times. The proportion of brain MRIs to the scans
of other body regions was 533 : 85, i.e., 86% vs 14%.

The quality of MR examinations was found satisfac-
tory in all but 4 cases (99.3%). In 1 of these examina-
tions, the neonate was thought to be in natural sleep but
started crying, but the quality was sufficient to confirm
the continuity of the spinal cord which was questioned
by the parents. In 2 cases anesthesia was very difficult and
the studies were stopped, but the completed sequences
revealed no evident brain pathology. In the 4" case, MRI
of the brachial plexi was requested and it was impossible
to assess the particular nerve roots forming the plexi due
to insufficient spatial resolution.

Result of magnetic resonance imaging
versus ultrasonography

In 203 cases (203/555 = 36.6%) the MRI showed more
abnormalities than the USG and in a further 121 cases
(121/555 = 21.8%) the diagnosis after MRI was complete-
ly different than after USG. In 26 cases (26/555 = 4.7%)
the pathology described on the USG was ruled out on MRI.
The superiority of MRI over USG in the visualization
of pathological lesions and normal structures was found
in 63.1% of cases in the collected material in neuroimaging
and body imaging.

Discussion
General remarks

Ultrasonography is and will remain the first-line imaging
method in neonates. However, it has its well-known limita-
tions and additionally, some parts of the brain, e.g., the sel-
la, and of the body, e.g., the chest, do not lend themselves
to USG examination and are most appropriately examined
using MRI. Computed tomography (CT) is another option
but according to the ALARA rule (as low as reasonably
achievable), the radiologist should establish a diagnosis
with the use of a radiation dose that is as low as possible and
no dose of ionizing radiation is the best solution. Moreover,
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the tissue resolution of CT is much lower than that of MRI
so the routine use of CT in the youngest group of patients
is not justified. Therefore, MRI, by definition, has higher
diagnostic usefulness, not only in this age group.

The added value
of MR-compatible incubator

Some national societies have published recommendations
on the use of MRI in neonates, preterm in particular.®® Safety
issues such as transport of the neonates to MRI units, main-
taining the temperature and monitoring vital functions have
limited performing MRI so far, especially in premature in-
fants. The equipment of the MR-compatible incubator, mak-
ing it possible to control the temperature and humidity and
to maintain and monitor vital parameters, ensures safe con-
ditions for the babies. Therefore, even preterm and unstable
neonates can be scanned safely now. Skeptics argue that the ad-
vantages of INC are unclear: it does not obviate the need for
anesthesia or sedation and it even obscures the anesthesiolo-
gist’s view of the patient; neonatal coils are available without
the ING; transport can be safely accomplished in a standard
neonatal incubator after placing the patient onto the MRI table
with appropriate hearing protection; intravenous fluids can be
administered with the pumps kept outside of the MRI chamber
and tubes running through a hole in the wall or with MR-com-
patible pumps. However, before the era of INC, neonatologists
would not entrust their most preterm and unstable neonates
to radiologists, at least because of the impossibility to maintain
proper temperature, and also because the whole procedure
is complex. Introduction of INC to the clinical practice allowed
examination of even the smallest neonates with extremely low
body weights — our smallest neonate, weighing 600 g, is still
the smallest neonate examined to date, as shown in the avail-
able literature,! although followed very closely by a 620-gram
baby reported in the newest paper devoted to this subject that
was published last year.® In our material, as many as more than
half of the examined neonates were preterm (54%) and almost
1/4 (23%) weighed less than 2500 g — equivalent of low birth
weight (LBW) — on the day of MRI. Seventeen neonates (3.2%)
were scanned on the 1%t day of postnatal life and 124 (23.4%)
within the 15*week. Before introduction of INC, MRI was per-
formed on such newborns only in exceptional situations.

Our material constitutes the largest cohort of neonates ex-
amined in INC to date. Cho et al. reported 154 newborns over
the course of more than 4 years.'” Earlier reports are based
on much smaller groups of neonates (from 13 to 129).%” Our
group of 383 neonates with 400 MR examinations performed
was collected in 3 years (2013—2016), which reflects the need
for these studies in specialized tertiary referral centers.

Anesthesia
In the vast majority of MRI examinations in INC — 93.5%

— pharmacological sedation was used. In 6.5% of cases, after
feeding 30 min before scanning, we achieved physiological
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sleep peaceful enough to be able to perform the procedure
during it. Despite comfortable conditions inside the INC
(optimal temperature and humidity, insulation from noise),
in most newborns physiological motion artifacts occur
during sleep hindering the precise evaluation of the im-
ages. In children studied in natural sleep, attempts have
been made to use pacifiers to calm them down, but motion
artifacts associated with suction made us abandon this
method. Another argument against placing the just-fed
neonate in an INC chamber is the risk of regurgitation and
aspiration of food into the airways. Premature neonates
are subject to this risk to the greatest extent. During scan-
ning, newborns must be in a horizontal position, the upper
body cannot be lifted to prevent aspiration. One should
also keep in mind that an anesthesiologist does not have
visual supervision of a baby in INC. His or her assess-
ment is based on the recordings of the monitoring equip-
ment, which gives results with a delay of tens of seconds,
which may have impact on the effect of rescue operations
in case of aspiration of food into the airways. Taking into
account the above considerations, the authors believe that
only neonates in good condition may be subjected to MRI
in physiological sleep: neonates with no history of episodes
of aspiration pneumonia and those in whom MRI is carried
out as part of planned prospective control programs, where
the inevitable motion artefacts do not have significant im-
pact on the precision of image evaluation. It should also
be remembered that conversion of the procedures towards
anesthesia is possible only after 6 h after feeding in fed
infants in case of failure to obtain physiological sleep al-
lowing the execution of MRI.

At our center, the vast majority of children undergo-
ing MRI in INC are premature neonates with congenital
malformations, CNS hemorrhages or after severe perinatal
hypoxia. In these babies, the results of MRI have great
therapeutic and prognostic implications, which is why
this procedure — in order to obtain optimal image quality
— is performed under general anesthesia although the use
of sedation is discussed in the literature and some authors
stress that the sedative drugs may have a negative influence
on the immature brain of extremely premature babies.!!-13
However, sedation is used worldwide and, e.g., Cho et al.
report that the oral sedative agent chloral hydrate was
used in their babies when possible, and in other cases mid-
azolam or ketamine hydrochloric acid were administered
intravenously.!

There were no anesthetic complications in the examined
newborns in our material.

Brain magnetic resonance imaging

The study of the brain is now an important challenge
in neonatology and the development of imaging techniques
and — above all — of MRI offers great opportunities for
assessment and analysis of brain morphology in vivo.
At the same time, a lot of questions are being posed about
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the place of MRI as a tool for assessment and prognosis
of the development of newborns, both those born at term
and those extremely premature. In the USA, at least since
2004, it is recommended to perform MRI at term equiv-
alent in preterm babies due to its prognostic value and
to perform MRI if any neurological symptoms are pres-
ent, as diffusion-weighted sequence (DWTI) in particular
is capable of reliable assessment of CNS injury.'* The date,
2004, coincides with the time of the introduction of incu-
bator into clinical practice.*

The brain can be injured at any stage of its develop-
ment, and the damage may be congenital (developmental
abnormality) or acquired (e.g., hypoxic-ischemic or hemor-
rhagic). There is no doubt that transfontanelle USG is and
will remain the primary diagnostic method — non-invasive,
readily available and cheap. But it has limitations, and
at present MRI is the most accurate method of brain im-
aging. Thanks to visibility of all the structures, including
basal ganglia, internal capsule, brainstem and cerebellum,
and the possibility to measure the volume of these struc-
tures (e.g., cerebellum), MRI provides additional informa-
tion about which drug treatment or rehabilitation can be
implemented and facilitates the prognosis for the babies’
further development.

Neurologists emphasize that each stage of brain develop-
ment is very important, but the formation and selection
of synapses and myelination seem to be the most important
for the brain. This type of information can only be ob-
tained using MRI, but images must be of very high quality
and newborns subjected to MRI may be in various clinical
conditions: from stable and apparently healthy to unstable.

Among neonates born at term, the study is performed
most often in the first days of life and mainly in 2 clinical
situations: birth defects and after mild to severe perinatal
hypoxia, a few days after therapeutic hypothermia. Some-
times these newborns require respiratory support (from
nCPAP to endotracheal intubation and mechanical ventila-
tion) and inotropic agents (catechol amines).

In the group of premature neonates, so far MRI has
been performed only in exceptional situations in the first
days of postnatal life, when their clinical condition is very
unstable, because at that time USG is the primary diag-
nostic tool. Magnetic resonance imaging is performed
more often between 36 and 40 weeks of postconceptional
age as it brings additional information in relation to USG
that may help predict prognosis for the neonates’ further
development.'

Our experience shows that MRI in INC is feasible
in preterm newborns even on the first days of postnatal
life (Fig. 1). This observation is in agreement with those
of other authors who stated that the interval between birth
and MRI was significantly shorter after the introduction
of INC, i.e., 54.3 +2.6 days vs 70.5 +4.4 days without INC.1°
Our results show even earlier availability of MRI in INC
as compared to that of Cho et al., with a median of 18.5 days
and mean of 37.7. When performed at term equivalent,
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Fig. 1. Male preterm neonate born at 26 GW, examined at 29 GW. (a) FLAIR shows relatively small cavities in the frontal lobes and extensive
encephalomalacia in the posterior parts of the brain. Pericerebral hematoma on the right. Axial FSE/T2-weighted (b) and GRE/T2*-weighted (c) images
show bilateral cerebellar hemorrhages

MRI allows assessing brain injury in neonates with known
pathology and reveal unexpected findings in neurologi-
cally and otherwise healthy ones. One example is a baby
born at 27 GW and examined at 38, before discharge, who
turned out to have diffuse polymicrogyria involving al-
most the entire left cerebral hemisphere. Abnormal gyra-
tion is extremely difficult to be revealed sonographically.
Magnetic resonance imaging is necessary in these cases
and such a finding carries significant implications for
the future. The dedicated neonatal coils in the INC provide
better signal-to-noise ratio and smaller fields of view and
these factors allow better visualization of small details.>®1°
The percentage of cerebellar injury detected with MRI
is incomparably greater than that diagnosed with USG.
Asin case of neuronal migration abnormalities, the damage
to the cerebellum is often difficult to visualize and evaluate
on USG and, in these cases, MRl is also a method of choice.
Although mastoid fontanelle USG enables a better view
of the posterior fossa, MRI shows more abnormalities and
enables assessment of the real state of the cerebellum and
brain stem in which the incidence of defects and damage
turned out to be greater than expected.’®'” In a recent paper
by Steggerda et al., USG allowed to detect abnormalities
in the posterior fossa in 41% of infants (in the vast majority
these abnormalities were only seen on mastoid fontanelle
views) while MRI revealed them in 66%.!® In our mate-
rial, in 71 cases (71/533 = 13.3% of brain scans) the sono-
graphic picture of the cerebellum was normal while MRI
revealed cerebellar abnormalities (cases with hemorrhage
only in pericerebellar space that was not visualized by USG
were not counted) (Fig. 2A,B). Also, in the case of known
pathology mentioned at the beginning of this paragraph,
MRI can show its consequences which are occult to USG.

Examples are pre-Wallerian (and later Wallerian) degenera-
tion or crossed cerebellar diaschisis, which carry significant
clinical consequences.!*?° (Fig. 3A,B).

Body imaging in MR-compatible incubator

In these very few papers that have been published so
far (very few despite the fact that INC was introduced
to clinical practice at least 15 years ago), only neuroim-
aging was described. Only Bluml et al. mentioned 2 car-
diac and 2 pelvic MR examinations in their paper, but
itis mainly a technical and safety-concerning publication.
By the way, Bliiml et al. found that the signal-to-noise ratio
(SNR) of images acquired with INC had been 2.3 times
greater than the SNR of images acquired with standard
“adult” equipment at MRI of age-matched babies.® These
authors used the same incubator and the same MRI sys-
tem as in our case. O'Regan et al., using another vendor’s
1.5 T scanner and the same INC, achieved a 3-fold in-
crease of SNR in brain imaging.> Our experience shows
that neurological indications are still the most frequent
in neonatal MRI (in our study, brain scans constituted
the majority of cases — 86%) but neurological indications
include also spinal ones, and imaging of the vertebral col-
umn, spinal canal and cord is now possible and scheduled.
Our material contains 21 cases of such examinations with
diagnoses of myelomeningocele, diastematomyelia, teth-
ered cord, or exclusion of suspected pathology (Fig. 4A,B).
Although USG of the spinal canal and cord is a reliable
method in newborns, and in patients with normal find-
ings no further imaging is necessary in most cases, (neuro)
surgeons usually request MRI before surgical interven-
tion in the case of spinal malformations. The examination
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is also performed for medical-legal reasons, e.g., when spi-
nal cord injury is suspected due to traumatic birth. In our
material, in 1 case this was the reason to perform spinal
MRI when the depressed parents of a sick baby accused
obstetricians of having injured the spinal cord secondarily
to traction forces during delivery. The examination showed
a normal spinal cord without evidence of any lesions.

What was shown in our study is that MR body imaging
has started to play a growing role in neonatal care thanks
to the development of body coils. This equipment consists
of an 8-channel coil integrated in INC and a 4-channel
surface coil as mentioned above. They enable scanning
of not only the spine but also the neck, thorax, abdomen,
and pelvis.

What we find significant is that neonatologists, surgeons
and oncologists have started to refer neonates to non-
-CNS MRI thanks to the fact that we have body coils and
to the safety of MRI in INC. There is no doubt that USG still
is and will be the first line imaging modality, but whenever
itis insufficient, MRI in INC is the most valuable and safest
non-invasive tool that we have to answer clinical questions
which cannot be answered by USG, and it is of utmost im-
portance in neonates that must be operated on. In our mate-
rial, we dealt with a female neonate whose mother did not
see the obstetrician during pregnancy and did not receive
prenatal USG. The baby was diagnosed with persistent clo-
aca after birth and surgical repair was scheduled, but MRI
turned out to be necessary to confirm a sonographic diag-
nosis of bilateral renal agenesis and agenesis of the bladder
before the decision to give up treatment.

We have already described a case in which the associa-
tion of abdominal cyst with the biliary ducts was excluded.?
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Fig. 2. Female second
twin born at GA

of 25 weeks, examined
at 42. FSE/T2-weighted
images in axial (a) and
coronal projection

(b). Posthemorrhagic
destruction of both
cerebellar hemispheres
with hypointense
deposits of hemosiderin
and hyperintense cystic
space between and
below the hemispheres

In another baby, this relationship was found on MRI and
MR-cholangiography, and a common bile duct cyst was
diagnosed implying referral of the newborn to another
tertiary reference center that deals with biliary malfor-
mations. There is also a case of gallbladder duplication
in our material.

In the case of lymphangioma, its extent frequently can-
not be assessed by means of USG, e.g., if it penetrates to the
retropharyngeal space or to the mediastinum, as it was
in one of our babies. Magnetic resonance examinations
of the chest belong to the least frequent in the analyzed ma-
terial, which is quite obvious knowing the limited (at least
so far) value of this method in this part of the human body.
In another case, we easily visualized the lesion, its smooth
borders and fluid contents, but the question whether this
was a bronchogenic cyst or a cystic teratoma remained
unsolved.

In another case, the results of USG were equivocal, indi-
cating a complex ovarian cyst or presacral teratoma. Dif-
ferent surgical approaches required unequivocal diagnosis
and MRI gave it, clearly showing sacrococcygeal teratoma
type IV according to Altman.

Inborn tumors are a challenge for all involved special-
ists, especially when unclear at presentation. Magnetic
resonance imaging was also performed at our center after
discrepant orthopedic and sonographic evaluations sug-
gesting a congenital anomaly of the left hip and unspecified
mass, respectively. Magnetic resonance imaging revealed
a giant tumor of the left buttock and thigh extending
to the pelvis, inseparable from the rectum and vagina,
with enlarged lymph nodes in both groins, around the iliac
vessels and the aorta up to the level of the diaphragm. After
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Fig. 3. Female neonate born

at the age of 40 GW and exami-
ned at the age of 8 days.

a) SE/T1-and corresponding
FSE/T2-weighted images in axial
plane show the area of “old”
stroke in the region supplied

by the left middle cerebral
artery, which must have occur-
red prenatally, and the smaller
area of new insult in the deep
structures of the right cerebral
hemisphere.

b) DWIimages (upper row) and
corresponding ADC maps (lower
row) show diffusion restriction
in the area of "new” stroke

on the right and simultaneously
occurring (pre-)Wallerian dege-
neration going down to the bra-
in stem along the corticospinal
tracts. Note the decreased volu-
me of the left cerebral peduncle,
which represents earlier Walle-
rian degeneration on the left,
due to the earlier stroke

biopsy and numerous pathologic consultations, a diagnosis
of infantile myofibroma was established.

As stated before, literature concerning neonatal MRI
in INC is very scant and there are no descriptions of body
imaging. In this aspect, our observations are the first
in world literature. In our material, MRI body scans
constituted 14% and, to the best of our knowledge, this
is the first report on body scanning in INC in a large cohort
of neonates. Our results show that body imaging in INC
is feasible and more and more frequently required, not
only to establish diagnosis but also to follow up the pa-
tient after surgery. One example is a follow-up examina-
tion after resection of huge facial hemangiopericytoma
with no residual disease. In our material, we have 2 cases

of serial follow-up studies in INC in preterm neonates who
were examined due to unclear sonographic appearance
after surgery for sacrococcygeal teratoma, with a diagnosis
of pelvic abscess in 1 case (Fig. 5) and pelvic hematoma
in the other, and subsequently — the regression of lesions.
Residual or recurrent tumors were thus ruled out.

Final remarks

Altogether, in 36.6% of our material, MRI showed more ab-
normalities than USG and in a further 21.8%, MRI changed
the diagnosis. In 4.7% of cases, pathological lesions noted
on USG were ruled out on MRI The superiority of MRI over
USG was 63.1% in the collected material in neuroimaging
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Fig. 4. Female term neonate examined
at the age of 7 days.

FSE/T2-weighted images in sagittal

A) and axial B) projection. Vertebral
anomalies, tethered cord A) and
diastematomyelia B) are observed

Fig. 5. Follow-up study still

in the neonatal period after surgery
for sacrococcygeal teratoma due

to inconclusive sonographic findings.
A lesion with enhancing wall, filled
with thick fluid showing diffusion
restriction was typical of abscess
(arrows)

T1+Gd sag

and body imaging. Obviously, picking up more abnormali- at the moment. A good example is the abovementioned case
ties (i.e., higher sensitivity) with MRI does not necessar- of diffuse polymicrogyria detected at the asymptomatic
ily equate to a change of the care that the patient receives moment of the baby’s life. However, even if such a finding
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causes increased parental anxiety, it is crucial for the prog-
nosis and spares future examination when seizures ap-
pear. So the significance of MRI findings is not only related
to the change of current therapeutic procedures, but also
to the outcome and implications for the child’s future life.
This increased sensitivity of MRI makes possible progress
in medical knowledge as well, as in the case of the very little-
described issue of pre-Wallerian degeneration in the cor-
ticospinal tracts and in the corpus callosum after brain
insult.?? This increased sensitivity of MRI; however, is not
always equivalent to finding clinically meaningful informa-
tion. The classic example of this is diffuse excessive high
signal intensity (DEHSI) of the white matter seen on neona-
tal MRI and invisible on USG, which is a highly qualitative
finding and does not appear to have clear clinical signifi-
cance.? In our material we did not count DEHSI as an ele-
ment of MRI superiority over USG.

Although we have been trying for years to convince cli-
nicians that prenatal MRI can be the basis of treatment
after birth, it still happens that they wish to have postna-
tal confirmation of radiological prenatal findings, which
is relatively easily available with INC. In our study, we have
shown that in most such cases, there was no added value
of postnatal MRI as compared to prenatal. However, MRI
in INC allowed a visualization of small details that could
not have been noticed on prenatal MRI or required con-
trast medium administration to be noticed.?

Limitations of MR-compatible incubator

The size of an extracorporeal lesion is one of the limita-
tions of the use of INC. Besides the presented material,
we had 2 newborns who did not fit into the space provided
in the head coil: one with suboccipital encephalocele of large
dimensions and another one with a tongue tumor which
turned out to be part of blue rubber bleb nevus syndrome.
The coil could not be closed around the neonate’s heads and
we had to give up INC. Another limitation is spatial resolu-
tion of the body coil. For instance, brachial plexus injury can
be visualized if edema is seen within it. However, in the ab-
sence of edema, it is practically impossible to follow the par-
ticular nerve roots leaving the spinal canal in the cervical
and thoracic region and forming the plexus. The lesions
in the extremities limit the use of INC — in the absence
of small local coils we had to give up INC in a newborn with
congenital rhabdomyosarcoma of the forearm. There is still
room for technical progress, but progress has already been
made by introducing body coils to the INC.

Conclusions

In conclusion, the MR-compatible incubator constitutes
a significant advancement in neonatal diagnostics. It has
significantly increased the availability of MRI to newborns,
especially those who are premature or otherwise unstable.
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Integration of body coils into INC has increased the spec-
trum of possible examinations and made possible scanning
not only of the brain but also of the body. Dedicated neo-
natal coils have improved image quality and allowed more
accurate diagnosis than the adult coils used previously.
The immobilization of the neonate in INC with the use
of Velcro belts and head fixation inserts are better than
in adult coils. The closed space of INC isolates newborns
to a much greater extent than before from the negative
influence of noise in the MR environment.
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