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Ultrafast Brain MRI Can Be Used for Indications beyond
Shunted Hydrocephalus in Pediatric Patients

A. Tekes, “7S.S. Senglaub, ““E.S. Ahn, " T.A.G.M. Huisman, and “*E.M. Jackson

ABSTRACT

BACKGROUND AND PURPOSE: Evaluation of shunted hydrocephalus is the most common indication for ultrafast brain MRI. Radiation-/
sedation-free imaging capabilities make this protocol more desirable over CT and standard brain MRI. We hypothesized that ultrafast brain
MRI can be used for selected indications beyond shunted hydrocephalus without adverse outcomes.

MATERIALS AND METHODS: Ultrafast brain MRI was performed with axial, sagittal, and coronal HASTE. The radiology information system
was used to identify pediatric patients (0-18 years of age) who underwent ultrafast brain MRl between March 2014 and May 2016. A
retrospective chart review was completed to identify indications other than shunted hydrocephalus, such as ventriculomegaly, macro-
cephaly, or intracranial cyst. All ultrafast brain MRIs were evaluated by a certified neuroradiologist and a neurosurgeon. Ultrafast brain MRI
was deemed of sufficient diagnostic value for these indications if no further standard brain MRI was required for the study indication or
if additional imaging was performed for an alternate indication.

RESULTS: The radiology information system identified 800 patients who had undergone an ultrafast brain MRI during the study period.
One hundred twenty-two of these patients had ventriculomegaly, macrocephaly, or intracranial cyst as the study indication. Twenty-one
of the 122 patients were excluded due to insufficient follow-up. Of the remaining 101 patients, only 5 had a standard brain MRI for the same
indication, with no additional clinically significant information identified on those studies.

CONCLUSIONS: These results suggest that ultrafast brain MRI is sufficient to evaluate ventriculomegaly, macrocephaly, or intracranial
cyst. Ultrafast brain MRI is radiation- and sedation-free; therefore, we recommend its use as the primary screening neuroimaging study for

these indications.

ABBREVIATION: UFB-MRI = ultrafast brain MRI

Itrafast brain MRI (UFB-MRI) has been used for evaluation

of shunted hydrocephalus since 2002 per published data in
PubMed." Lack of ionizing radiation made UFB-MRI a preferred
technique for evaluation of pediatric shunted hydrocephalus,
given the longer survival rates and concerns for cumulative radi-
ation doses in these children.>* In addition, UFB-MRI does not
require sedation or general anesthesia due to the short imaging
time. Adverse outcomes of general anesthesia in young children’
make standard brain MRI protocols less desirable. In addition, the
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short total acquisition time of UFB-MRI improves patient through-
put/work flow and consequently may improve overall health care
costs.®” Initially, the published literature focused on the use of UFB-
MRI in patients with shunted hydrocephalus."”*? Later, modified
fast protocols were proposed, such as for brain trauma.'>'" Although
the use of UFB-MRI for indications other than hydrocephalus has

1213 yalidation for those indica-

been proposed in prior publications,
tions has not been published.
UFB-MRI demonstrates fluid-containing structures well against
the brain parenchyma and calvaria. We hypothesized that UFB-
MRI can be used beyond shunted hydrocephalus for indications
such ventriculomegaly (Figs 1-3), macrocephaly (Fig 4), or intra-

cranial cyst (Fig 5) without adverse outcomes.

MATERIALS AND METHODS

The radiology information system was used to identify pediatric
patients (0—18 years of age) who underwent UFB-MRI between
March 2014 and May 2016. A retrospective chart review was com-
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FIG1. UFB-MRIperformed inaxial (A), sagittal (B), and coronal (C) planes with HASTE in a1-day-old
male infant with natural sleep. The study indication was a prenatal diagnosis of ventriculomegaly.
Note the mild enlargement of the supratentorial ventricles and normal size of the fourth ventri-
cle. There were no clinical signs of increased intracranial pressure. Although the cerebral aque-
duct patency evaluation was limited in this study, the patient was followed with UFB-MRI. No
additional standard MRI was deemed clinically necessary (Fig 2).

FIG2. Coronal HASTE of the same patient as in Fig 1 obtained at day of life 1(A), 5 months of age
(B), and 2 years of age (C). Imaging demonstrates normalization of the ventricular size across time.
High-quality diagnostic images were obtained without exposure to radiation or sedation/anes-
thesia. Ventricular size and extra-axial spaces are easily seen in all UFB-MRIs. This case shows the

2) If clinical presentation, neurologic
examination and UFB-MRI were diag-
nostic for patient discharge from pediat-
ric neurosurgery.

3) Cases that required additional stan-
dard MRI were reviewed to assess whether
additional imaging contributed to the in-
dicated diagnosis.

4) All cases followed up clinically or
radiographically for at least 6 months,
unless discharged from care.

Ventriculomegaly diagnosis included
etiologies of congenital or acquired origin
(eg, secondary to intraventricular hemor-
rhage, post traumatic injury, or follow-up
of ventriculomegaly secondary to tumor)
or idiopathic origin. Intracranial cysts
were defined as arachnoid, intraventricu-
lar, leptomeningeal, choroid plexus, or
germinolytic. For postoperative tumor
cases, UFB-MRI did not replace standard
contrast-enhanced postoperative MR

RESULTS

The radiology information system identi-
fied 800 patients who had UFB-MRI dur-
ing the study period. Of these 800 patients,
122 met the study criteria based on their

value of UFB-MRI in follow-up examinations in children with ventriculomegaly.

FIG3. AT0-year-old girlincidentally found to have hydrocephalus. In
this imaging, she is 6 months status post third ventriculostomy. A,
Sagittal HASTE in the midline shows lateral ventriculomegaly. Note
the CSF flow artifacts/signal loss through the ventriculostomy site
(arrow) at the floor of the third ventricle, B, Sagittal CISS at the same
plane shows similar findings (arrow) with higher spatial resolution.

pleted in these cases to identify the following indications: ven-
triculomegaly, macrocephaly, or intracranial cyst. UFB-MRI was
performed with axial, sagittal, and coronal HASTE (TR, 3000 ms;
TE, 90—120 ms; slice thickness, 4 mm) using the head coils on
1.5T and 3T scanners (Siemens, Erlangen, Germany).

All UFB-MRIs were evaluated by a pediatric neuroradiologist
and a pediatric neurosurgeon. Each MRI was evaluated for diag-
nostic quality to assess the ventricular size and extra-axial CSF
spaces, and patients were categorized with the following diagno-
ses: ventriculomegaly/hydrocephalus, intracranial cysts, and
macrocephaly. Inclusion criteria were as follows:

1) No follow-up standard brain MRI required after the UFB-
MRI for the indicated diagnosis.
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imaging diagnosis. Twenty-one of the 122
did not meet the follow-up criteria either
due to moving out of state without adequate follow-up, not present-
ing for their scheduled clinical appointments, or having less than 6
months imaging/clinical follow-up.

We used the presence of additional MRI following UFB-MRI
as a surrogate for insufficiency of UFB-MRI. Five patients had a
standard brain MRI completed after UFB-MRI for the same indi-
cation. However, UFB-MRI was still deemed diagnostic for the
indicated purposes in these cases: 1) A patient with ventriculo-
megaly was also noted to have a Chiari I malformation. He had an
endoscopic third ventriculostomy based on the UFB-MRI and
then had standard brain and spine MRI under anesthesia follow-
ing his operation to further assess the Chiari I malformation. 2) A
patient with ventriculomegaly had a routine follow-up study that
included CISS imaging months later to assess aqueductal stenosis,
though no significant additional diagnostic information was ob-
tained. 3 and 4) Two patients with hydrocephalus were treated
with endoscopic third ventriculostomy; they had endoscopic
third ventriculostomy protocol brain MRIs (including CISS and
cine) postoperatively as part of routine postoperative protocol. 5)
A patient with an intracranial cyst underwent a standard brain
MRI on long-term follow-up after an operation for cyst fenestra-
tion, including CISS imaging.

Fourteen other patients underwent standard brain MRI fol-
lowing UFB-MRI; however, the UFB-MRI was sufficient for the
indicated diagnosis because the standard MRI was performed for
an alternate diagnosis: Eleven of the 14 were patients with ven-
triculomegaly. The indication for the standard MRI was vascular



malformation (n = 3), postoperative tumor (n = 6), and myelo-
meningocele (entire neuroaxis MRI, n = 2); 3 of the 14 had intra-
cranial cysts: All 3 had preoperative navigation studies. No ad-
verse outcomes were noted in these 14 patients during the study
period related to imaging.

There were 65 males and 57 females, 0.003-17.63 years of
age (average, 3.21 * 4.40 years; median, 1.12 years). Ninety-
seven of 122 (79.5%) patients were 5 years of age or younger,
79/122 (64.8%) were 1 year of age or younger, and 57/122
(46.7%) were younger than 1 year of age (Table). Ventriculo-
megaly was seen in 84/122 (44 males and 40 females): Sixty-five
of 84 (77.3%) were 5 years of age or younger, 57/84 (67.9%)
were 1 year of age or younger, and 41/84 (48.8%) were younger
than 1 year of age. Macrocephaly was seen in 18/122 (13 males
and 5 females): Eighteen of 18 (100%) patients were 5 years of
age or younger, 14/18 (77.8%) were 1 year of age or younger,
and 9/18 (50%) were younger than 1 year of age. Intracranial
cysts were seen in 20/122 (8 males and 12 females): Fourteen of
20 (70%) were 5 years of age or younger, 8/20 (40%) were 1
year of age or younger, and 7/20 (35%) were younger than 1
year of age.

FIG 4. A 3-month-old child with macrocephaly and head circumference increase from the 50th
to >95th percentile with normal neurologic developmental milestones. UFB-MRI was performed
with axial (A), coronal (B), and sagittal (C) HASTE. Note mild supratentorial ventriculomegaly and
prominence of the frontoparietal extra-axial CSF spaces confirming benign enlargement of the

extra-axial CSF spaces.

FIG 5. A 2-month-old boy with a prenatal diagnosis of intracranial cysts. Axial (A), right (B), and
left (C) parasagittal HASTE shows simple-appearing cysts at the caudothalamic notches (arrows)
without other abnormalities. Note the normal ventricular size. Follow-up MRI at 6 months of age

showed resolution of these cysts.

Patient age and sex distribution per diagnosis

DISCUSSION

UFB-MRI has proved safe and effective for imaging of shunted
hydrocephalus.">*? Ventriculomegaly, intracranial cysts, and
macrocephaly, which often require imaging for diagnosis and
management, are frequent referrals to the pediatric neurosur-
gery clinic in young children. Eighty percent of our cohort was
5 years of age or younger; 65%, 1 year of age or younger; and
47%, younger than 1 year of age. Our data demonstrate the
young age of children for these diagnoses, further supporting
the value of UFB-MRI to eliminate anesthesia/sedation for
standard brain MRI or the risk of ionizing radiation. Rather than
subjecting young children to radiation with head CT or anesthesia
with a standard protocol brain MRI, we explored the utility of this
radiation-free, anesthesia-/sedation-free UFB-MRI in indications
beyond shunted hydrocephalus.

In our institution, UFB-MRI includes triplanar HASTE, which
is a T2-weighted sequence. Acquisition time is short and relatively
less motion-sensitive. In addition, the single-slice acquisition
allows interrupting the image acquisition during moments of pa-
tient movement. Therefore, for this study, we only included pa-
tients in which assessment of CSF-containing spaces/struc-
tures was the primary objective, such
as ventriculomegaly, intracranial cyst,
or macrocephaly.

We did not have to exclude any UFB-
MRI due to motion artifacts because it,
in part, relies on our triplanar (axial,
coronal, and sagittal) imaging. In case
there was motion in 1 imaging plane, at
least 1 other imaging plane proved to be
free of motion artifacts, providing the
required information. In all patients,
UFB-MRI was deemed sufficient for
diagnosis or follow-up of ventriculo-
megaly, intracranial cyst, or macroceph-
aly with adequate clinical/neurologic
follow-up. In 5 patients where standard
brain MRI was performed, all imaging
was performed to further evaluate with
advanced MRI sequences like CISS or
CSF flow studies—information from
these sequences would also not be ob-
tained from head CT or conventional
brain MRI sequences. We used clinical
care/follow-up as our criterion standard
rather than comparing UFB-MRI with
standard brain MRI or head CT to avoid
anesthesia/sedation or radiation.

In the past decade, “modified” fast
brain MRI protocols have emerged, es-

Age Age 5 Years of 1Year of Younger
Age Range (Mean) Age(SD) (Median) Age or Age or than1
Total Male Female (yr) (yr) (yr) (yr) Younger Younger  Year of Age
Ventriculomegaly 84 44 40  0.003-17.63 328 4.64 105  65/84(77%) 57/84(68%) 41/84 (49%)
Macrocephaly 18 13 5 0.2-4.42 126 1.09 0.98 18/18 (100%)  14/18 (78%) 9/18 (50%)
Cyst 20 8 2 03-1747 472 468 4.84 14/20 (70%)  8/20 (40%)  7/20 (35%)
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pecially in children with traumatic brain injuries.'®'" Guided by
medical indications, each hospital sets their neuroimaging proto-
cols based on their resources, such as scanner availability, staffing,
and other urgent indications. Most of the modified protocols have
diffusion-weighted imaging to look for ischemic injury and sus-
ceptibility-weighted imaging to look for hemorrhagic injuries. Al-
though additional sequences are necessary for these indications, a
UFB-MRI protocol with HASTE without any other added se-
quences is sufficient in patients with ventriculomegaly, intracra-
nial cysts, and macrocephaly because CSF-containing structures
are the primary area of concern.

UFB-MRI s “quick” and does not require sedation or anesthe-
sia. Still, incorporating this technique into a routine MRI schedule
24 hours a day, 7 days a week, may be challenging. Work flow
changes require a coordinated effort between pediatric neurora-
diology and the provider’s department as well as support of the
radiology department administration.'* Tekes et al'> previously
published information on how to incorporate UFB-MRI into
clinical routine following lean six sigma methodology; however,
each institution may need to work on a work flow that best fits
their internal resources. Variable practices were noted, depending
on the resources and provider team’s preferences and experience.
In urgent cases in which UFB-MRI is not possible, head CT does
remain an alternative, but to minimize the radiation in these
cases, optimized low-dose pediatric head CT protocols should be
used.'®

We recognize the limitations of UFB-MRI, especially in the
assessment of parenchymal diseases with a wide range of etiolo-
gies, including but not limited to myelination, cortical develop-
ment, brain tumors, ischemia/stroke, and intracranial hemor-
rhages.*'>!” Thus, UFB-MRI should not be used as a “quick
scan” to evaluate these diseases.

We are proposing specific additional indications for UFB-
MRI beyond the most commonly used and published indication,
shunted hydrocephalus, and we used stringent inclusion criteria
in our patient population (requiring either discharge from med-
ical care for the stated indication or at least 6 months of clinical
and/or imaging follow-up). Because we practice in a quaternary
care children’s center where we receive out-of-state and interna-
tional patients, some loss to follow-up is inevitable. Some patients
not meeting the stringent inclusion criteria does not reflect on the
utility of the UFB-MRL

CONCLUSIONS

Our data validate using UFB-MRI for indications like ventriculo-
megaly, macrocephaly, and intracranial cysts without impacting
diagnostic accuracy in children. The elimination of radiation and
sedation/anesthesia is magnified in its impact on patient safety
due to the young age of the patient population typically present-
ing for evaluation of these diagnoses.

Disclosures: Thierry A.G.M. Huisman—UNRELATED: Board Membership: editorial
board of the American Journal of Neuroradiology.
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