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a Pediatric MRI Stroke Evaluation Protocol
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ABSTRACT

BACKGROUND AND PURPOSE: Cervical arterial dissection is one of the frequent causes of pediatric arterial ischemic stroke. Out
of concern for missing cervical arterial dissection in patients in whom pediatric stroke is suspected, our tertiary children’s hospital
added contrast-enhanced 3D neck MR angiography to every pediatric stoke work-up. This research investigated whether the rou-
tine use of contrast-enhanced neck MRA in our MR imaging stroke protocol ever detected a cervical arterial abnormality when the
DWI, SWI/gradient recalled-echo, or circle of Willis MRA findings from the brain MR imaging were reported as normal.

MATERIALS AND METHODS: The institutional PACS data base was searched for stroke protocol MRIs that included DWI, gradient
recalled-echo or SWI, circle of Willis MRA, and 3D contrast-enhanced neck MRA in patients younger than 18 years of age with
examinations performed between September 2010 and June 2017.

RESULTS: In only a single case (0.15%) were the DWI, SWI/gradient recalled-echo, or circle of Willis MRA findings all separately
reported as normal and the contrast-enhanced neck MRA findings reported as abnormal. To reach these findings, we screened 681
patients, which would have resulted in an estimated .$200,000 in Medicare charges and $80,000 in of out-of-pocket cost to
patients.

CONCLUSIONS: In our large series, the addition of a routine contrast-enhanced neck MRA to our pediatric stroke MR imaging pro-
tocol was of extremely low yield. We believe the use of neck MRA should reasonably be limited to cases in which abnormalities
are initially detected on standard brain sequences or to patients with atypical presentation or recurrent pathology.

ABBREVIATIONS: AIS 4 arterial ischemic stroke; CAD 4 cervical arterial dissection; CE 4 contrast-enhanced; CoW 4 circle of Willis; GRE 4 gradient
recalled-echo; VEN_BOLD 4 venous blood oxygen level–dependent

Acute ischemic stroke (AIS) accounts for about half of all
strokes in children,1 and most survivors have life-long dis-

ability.2 Cervical arterial dissection (CAD) is a major cause of pe-
diatric AIS, occurring in 2.5 children per 100,000 per year and
accounting for 5%–25% of childhood-onset AIS.3 Furthermore,

children with AIS secondary to CAD have a significant recur-
rence risk, estimated at 19%–20%, and a diagnosis of CAD has
the potential to change management.4,5

Children with acute-onset focal neurologic deficits present a
unique clinical challenge. AIS is the most common diagnosis for
an adult presenting with an acute-onset focal neurologic deficit,
occurring in 73% of cases. However, AIS accounts for only 7% of
children presenting emergently with neurologic deficits, with
migraines, seizures, and Bell palsy occurring more frequently.6

Therefore, while AIS is an important, treatable, and common eti-
ology of this presentation in children, imaging protocols in this
setting should also evaluate other etiologies.

In most pediatric stroke centers, MR imaging/MRA has
become the first-line imaging technique for pediatric patients
with suspected AIS because it is noninvasive and free of radiation,
while effectively evaluating AIS, dissection, and other neurologic
diseases. MR imaging protocols usually include diffusion-
weighted, FLAIR, and T1 images of the brain and T1 or T2 fat-
saturated axial imaging through the neck. MRA typically includes
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3D time-of-flight MRA of the head and neck (from the aortic
arch through the circle of Willis).7

Recent guidelines regarding the urgent management of
stroke in children include recommendations for MR imaging
with axial DWI, fluid-attenuated inversion recovery, susceptibil-
ity-weighted imaging, and time-of-flight MR angiography of
the head and neck.2 More recently in 2017, the International
Pediatric Stroke Study Neuroimaging Consortium and the
Pediatric Stroke Neuroimaging Consortium published recom-
mendations on imaging pathways for children presenting with
stroke, endeavoring to further standardize the practice. The pub-
lication argues that because some arteriopathies in childhood
affect the cervical vessels while others, the intracranial vascula-
ture, vascular imaging of the head and neck ought to be per-
formed in most cases, specifically including at the time of initial
MR imaging, an MRA of the head and neck to evaluate arterio-
pathy, thrombus, or findings that require independent prompt
treatment (ie, cervical artery dissection).8

However, equipoise remains on institutional practices for
imaging patients with suspected stroke, with an unclear preva-
lence of abnormal neck imaging findings in the setting of normal
brain imaging findings to bolster such practices. There is no com-
prehensive evaluation of the rates of abnormal neck vessel imag-
ing findings in all-comers pediatric patients to stroke protocol
imaging. The Vascular effects of Infection in Pediatric Stroke
(VIPS) study identified only one-half of the 355 patients as having
undergone cervical imaging at stroke ictus.9 More data are needed
to drive an effective determination of the clinical utility of neck-
vessel imaging in pediatric stroke and further standardize our cur-
rent practices. An appreciated low utility could realistically mini-
mize a potentially unnecessary (as routine) diagnostic component
of stroke protocol that would benefit resource use within the insti-
tution as well as expedition of appropriate patient care.

Out of concern for missing CAD in children when AIS is sus-
pected, in 2010, our tertiary children’s hospital (Children’s
Hospital Colorado, Aurora, Colorado) added contrast-enhanced
neck MR angiography (CE-MRA) to every MR imaging ordered
for a pediatric stroke work-up, with the option to limit the exami-
nation to DWI, gradient recalled-echo (GRE)/VEN_BOLD, and
circle of Willis (CoW) MRA only if an acute stroke was seen and
administration of tPA was considered. CE-MRA was chosen
because it was much faster than 2D or 3D time-of-flight noncon-
trast MRA (30 seconds versus 5–10minutes). Since the adoption
of this MR imaging pediatric stroke protocol, the newly discovered
issue of gadolinium deposition has caused us to re-evaluate our
neuroimaging protocols that use gadolinium contrast agents. For
this reason and to ensure best practices, we undertook a retrospec-
tive quality-improvement project to determine whether the routine
use of a neck CE-MRA in our MR imaging stroke protocol was
indeed necessary, specifically in the subset of children in whom the
DWI, GRE/VEN_BOLD, or CoW MRA findings from the brain
MR imaging were reported as normal.

MATERIALS AND METHODS
Patients
The study was a local institutional review board–approved retro-
spective assessment of MR imaging stroke protocol performed

at our hospital between September 2010 and June 2017. The
institutional PACS database at Children’s Hospital Colorado
was searched using Montage (Montage Healthcare Solutions,
Philadelphia, Pennsylvania) for stroke protocol MRIs that
included DWI, GRE, or VEN_BOLD; circle of Willis MRA; and
neck CE-MRA in patients younger than 18 years of age.

We reviewed reports and collected the following data: acces-
sion number, patient age, examination date, any abnormal find-
ings on examinations; abnormal findings on DWI (stroke or
other); stroke location if applicable (anterior cerebral artery,
MCA, posterior cerebral artery, cerebellum, brain stem); abnor-
mal findings on CoWMRA (stenosis or occlusion or other), GRE
or VEN_BOLD (bleeding or venous distension or other), neck
MRA (stenosis or occlusion or other), or those identified on dif-
ferent pulse sequences; and eventual clinical diagnosis.

CE-MRA Protocol
The neck CE-MRA sequences were acquired on either a 1.5T
scanner (Avanto; Siemens, Erlangen, Germany) or a 3T scanner
(Ingenia; Philips Healthcare, Best, the Netherlands). The 1.5T
neck CE-MRA sequence used TR/TE, 3.17/1.1ms; acquisition
matrix, 110� 384; 72 slices; 1.2-mm section thickness with no
gap. The 3T neck CE-MRA sequence used TR/TE, 4/1.4ms; ac-
quisition matrix, 251� 300; 70 slices; 1.8-mm section thickness
with �0.9mm gap. Neck CE-MRA was performed with bolus
tracking after the administration of 0.1mmol/kg body weight of
gadolinium-based contrast agent (MultiHance, 0.5mmol/mL,
gadobenate dimeglumine; Bracco Diagnostics, Princeton, New
Jersey) at a rate of 2mL/s.

Cost-Effectiveness Analysis
The Medicare Physician Fee Schedule global charge for a post-
contrast cervical MRA (CPT 70548) is $311.80 (for 2019), which
underestimates private payer reimbursement and generally over-
estimates Medicaid reimbursement. Given that most commercial
payer subscribers pay, on average, 20% coinsurance after the de-
ductible and because a typical commercial contract can be up to
twice Medicare rates, our estimates for out-of-pocket expenses
for these families range from approximately $62 to $125.

RESULTS
The search result yielded 1147 examinations. Following exclusion
of 10 examinations for excessive artifacts or incomplete docu-
mentation, there were 1137 examinations in 888 unique patients
(522 males; average age, 10.8 years).

In only a single case (a 15-year-old girl with an unusual his-
tory of episodic cervical ICA vasospasm) were the DWI, SWI/
GRE, or CoW MRA findings all separately reported as normal
and the neck CE-MRA findings reported as abnormal for a cervi-
cal arterial abnormality. With a total of 681 studies without any
identified abnormalities on brain imaging, this case represented
0.15% of those total studies. In comparison, 456 cases reported
abnormal findings on DWI, GRE/VEN_BOLD, or CoW MRA,
with 130 (28.5%) of those cases having abnormal neck vessel
imaging findings (absolute proportion difference, 28.35; 95% CI,
24.34–32.66; P, .001).
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By means of our estimates of cost, the routine neck CE-MRA
imaging performed in the 681 brain studies that were reported as
having normal findings would have resulted in an estimated
$212,335.80 in Medicare payments and potentially from $42,222
to $85,125 in patient out-of-pocket costs.

DISCUSSION
In our large series of .660 children with strokelike symptoms,
the addition of a routine neck CE-MRA to our pediatric stroke
MR imaging protocol was of extremely low yield when DWI,
GRE/VEN_BOLD, and MRA CoW findings were all normal,
revealing only a single case of carotid pathology (0.15%). Our
number of 681 needed to screen patients, using a conservative
Medicare cost estimate, would result in .$200,000 of charges
and $80,000 of out of pocket cost to patients.

Additionally, when our protocol was initially devised in 2010,
our use of neck CE-MRA in these patients was predicated on its
relatively fast acquisition time of �30 seconds. However, given
the recently discovered and ongoing concerns over findings of
gadolinium deposition in children,10 many pediatric centers are
not administering contrast whenever possible. Substituting a
noncontrast time-of-flight neck MRA could add 5–10minutes of
imaging time to an examination in which speed of imaging is of-
ten critical.

Since conducting this study, we have significantly limited the
routine use of neck CE-MRA in our stroke imaging work-ups.
However, in certain clinical circumstances, we believe it is still
important to evaluate the cervical vessels, even when brain imag-
ing findings are normal, particularly when symptoms may point
to pathology in the posterior circulation, given the increased
prevalence of vertebral dissection in these patients.4,7

CONCLUSIONS
On the basis of the extremely low yield of routine neck CE-MRA
in a pediatric stroke MR imaging protocol when DWI, GRE/
VENOUS_BOLD, and CoW MRA findings are normal, we
believe the use of a neck CE-MRA in the evaluation of pediatric

stroke should reasonably be limited to cases in which abnormal-
ities are initially detected on routine brain sequences or in
patients with atypical presentations or recurrent pathology.
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