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Introduction: Infantile spasms (IS) are the most frequent epilepsy syndrome in children with Down syndrome
(DS). In DS, cellular (synaptic/dendritic changes) and molecular mechanisms are believed to contribute to
epileptogenesis, rather than gross structural anomalies. Neuroimaging is a standard part of the evaluation of
newly diagnosed infantile epilepsy including IS and, in this age group, often requires sedation. It is unclear if neu-
roimaging provides additional clinically useful etiologic information in IS associated with DS.
Methods:Weconducted a retrospective chart review and detailed neuroimaging review in36 patients (24males)
with IS and DS, cared for at Boston Children's Hospital.
Results: Incidental imaging abnormalities were common (42%), but potentially relevant etiologic abnormalities
were rare (16%). Structural congenital or acquired abnormalities were associated with ongoing antiepileptic
drug (AED) use (p= 0.02), as well as refractory epilepsy (p= 0.04). However, neuroimaging did not alter the
treatment plan for any of these patients.
Conclusions: Clinicians must carefully weigh the benefits and risks of neuroimaging in infants with DS and IS, as
neuroimaging did not lead to any changes in clinical management in our patients but may offer information re-
garding prognosis.

© 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Infantile spasms (IS) represent the most common form of infantile
epilepsy [1], with an overall poor prognosis [2]. Down syndrome (DS)
accounts for five to 6 % of IS cases [3,4], and IS are themost common ep-
ilepsy syndrome seen in children with DS [5,6].

Brain magnetic resonance imaging (MRI) is recommended in new
onset IS to aid in identifying the underlying etiology [2–4], but clinicians
do not undertake MRI routinely in IS associated with DS, as DS is a rec-
ognized genetic etiology for IS [4]. Nevertheless, available information
from the literature shows that neuroimaging is obtained in many pa-
tients with DS who have presented with IS [7,8]. No study to date has
systematically addressed the clinical utility of neuroimaging in children
with IS who have DS. Here, we detail the MRI findings in IS associated
e; AED, antiepileptic drug.
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with DS in a single-center cohort and examine the clinical relevance of
the observed neuroimaging abnormalities.

2. Methods

This studywas approved by the Boston Children's Hospital (BCH) In-
stitutional Review Board. We identified patients with IS and DS seen at
BCH between 2001 and 2016 using the Informatics for integrating Biol-
ogy and the Bedside (i2b2) based clinical research tools [9]. Patients
with DS and IS were included if they were followed primarily at BCH
and had MRI scans available for review (n= 36) and excluded if they
did not have MRI (n = 9) or MRI scans were not available for review
(n = 7). Retrospective chart review confirmed the IS diagnosis and
identified timing, indication, and type of imaging. Clinical variables col-
lected include demographics, medical comorbidities, IS/epilepsy his-
tory, and IS treatment response. Refractory epilepsy was defined as
ongoing seizures at last follow-up despite a trial of two antiepileptic
medications at appropriate doses.

All available neuroimaging and sequences were independently
reviewed by a board-certified pediatric neuroradiologist specializing
in epilepsy blinded to the prior MRI reports. At a minimum, sagittal T1

http://crossmark.crossref.org/dialog/?doi=10.1016/j.yebeh.2018.12.013&domain=pdf
https://doi.org/10.1016/j.yebeh.2018.12.013
sanjay.prabhu@childrens.harvard.edu
Journal logo
https://doi.org/10.1016/j.yebeh.2018.12.013
http://www.sciencedirect.com/science/journal/
www.elsevier.com/locate/yebeh


58 S.K. Trowbridge et al. / Epilepsy & Behavior 92 (2019) 57–60
or sagittaly acquired volumetric T1-weighted (sagittal) images, axial
T2-weighted, and axial T2-weighted Fluid-Attenuated Inversion Recov-
ery (FLAIR) sequences acquired on either 1.5 Tesla (1.5 T) or 3 Tesla (3
T) MRI scanner were reviewed. Where available, multiplanar reformats
of the volumetric T1-weighted (coronal/axial) and coronal T2-weighted
imageswere also reviewed. Based onMRIfindings, scanswere classified
as normal/normal variant or abnormal (Table 1). Abnormal scans were
subdivided into (1) acquired structural abnormalities; (2) relevant or
potentially relevant congenital structural abnormalities; (3) nonspecific
abnormalities. Note that incomplete inversion of the hippocampus was
classified as a normal variant since none met the criteria for hippocam-
pal malrotation [10].

2.1. Statistical analysis

Data were analyzed with Graphpad Prism version 7.0 for Mac,
(GraphPad Software, La Jolla California USA). Chi-square tests were
used to compare categorical variables across three groups, and one-
way ANOVA was used for continuous variable with post-hoc Tukey's
test performed to adjust for multiple comparisons. Analyses used two-
sided p-values b0.05 for statistical significance.

3. Results

Sixty-nine patients were screened, with 52 confirmed to have DS and
IS, of which 43 (83%) had a brainMRI. Magnetic resonance imaging scans
were available for review in 36 of the 43 patients (84%) included in the
study. The patients included in the study (n= 36) did not differ from
the excluded patients (n = 16) in gender, age at IS onset, response to
treatment, or refractory seizure status at follow-up. Of these, most (n=
19) were obtained at the time of diagnosis, and the rest (n= 12) were
obtained a median of two months (interquartile range (IQR): 5months)
after diagnosis of IS. In total, 41 scans were available (multiple scans in
four patients), 27 acquired on a 1.5 T magnet, and 14 on a 3 T magnet.

3.1. Clinical characteristics

Among the cohort of 36 patients, 24 (67%) weremale. Median age at
IS diagnosiswas sevenmonths (IQR: 6 to 10months), andmedian age at
follow-up was five years (IQR: 2 to 9 years). Congenital cardiac disease
was present in 20 patients (56%), of whom seven patients (19%) re-
quired cardiac surgery. Five patients (14%) had congenital gastrointesti-
nal abnormalities, all requiring surgical intervention.

Electroencephalogram (EEG) demonstrated hypsarrhythmia or
modified hypsarrhythmia in 30 patients (83%) and was not present or
not clearly documented in the remainder (n= 6). Twenty-four patients
(69%) were treated with standard therapy (hormonal therapy or
vigabatrin). Eleven patients (31%) were initially treated with
Table 1
Imaging findings for each category.

Category Imaging findings

Normal or normal variant Pars intermedia cyst
Mega cisterna magna
Small anterior pituitary gland
Incomplete inversion of the hippocampusa

Nonspecific abnormalities Prominence of extra-axial spaces and/or
Sylvian fissures
Isolated inferior vermian hypoplasia

Potentially relevant congenital structural
abnormalities

(all patients had multiple findings)

Hypoplastic pons
Undersulcation of the inferior frontal lobes
Shallow pontomedullary sulcus
Thinned or thickened callosum
Simplified gyral pattern
Gray matter heterotopia

Acquired structural abnormalities Hypoxic ischemic injury

a None met criteria for hippocampal malrotation [10].
nonstandard therapy, of which six later received standard therapies.
One patient (3%) did not have clearly documented initial therapy.

Thirty-five patients had a follow-up visit with a neurologist or devel-
opmental medicine physician. At last follow-up, 14 of the 35 patients
(40%) had refractory epilepsy. Among these, four patients (29%) had on-
going epileptic spasms in addition to other seizure types, seven patients
(50%) had ongoing seizures but no spasms, and three patients (21%) did
not have clearly documented follow-up information about epileptic
spasms. Nineteen of the 35 patients (54%) were on antiepileptic drugs
(AEDs) at last follow-up with seven patients (20%) on one to two
AEDs, and 13 patients (34%) on at least three or more AEDs.

3.2. MRI findings in patients with IS/DS

On detailed review of brain MRIs (n= 36 patients, 41 scans), 15 pa-
tients (42%) had normal scans or findings classified as normal variants,
15 patients (42%) had nonspecific abnormalities, and 6 patients (17%)
had abnormal findings (Table 1). Magnetic resonance imaging did not
identify surgically remediable focal epileptogenic lesionsnor did the im-
aging findings lead to any documented change in medication selection.
Vigabatrin-related MRI changes were seen in one patient, and this find-
ing did not alter management.

Of those with abnormal MRIs, two patients had acquired abnormal-
ities consistent with hypoxic–ischemic damage identified on neuroim-
aging prior to IS onset and histories compatible with hypoxic–
ischemic injury. Eleven percent (4 of 36 patients) hadmultiple dysmor-
phic features that were classified as potentially etiologically relevant
congenital abnormalities. These included gray matter heterotopia,
callosal or brainstem abnormalities, and undersulcation or simplified
gyral patterns. These four patients also showed evidence of volume
loss with either ventriculomegaly or prominence of extra-axial spaces.
Fifteen patients (42%) had nonspecific imaging findings. The majority
of these patients had prominence of the extra-axial spaces and/or
Sylvian fissures. One patient had abnormal T2 signal in the bilateral
globi pallidi and thalami, determined subsequently to be vigabatrin-re-
lated changes.

3.3. MRI findings and clinical outcomes

Thirty-five of the 36 patients had information on clinical follow-up,
with only one of the patients with a normal MRI lost to follow-up. We
compared clinical characteristics across the groups of patients with
normal/normal variant MRIs, nonspecific abnormalities, and abnormal
scans with acquired/congenital structural abnormalities. The age at IS
onset and diagnosis were not significantly different across the three
groups (p = 1.0). Gender varied significantly across the groups with
seven males of 14 (50%) with normal/normal variant scans, 14 males
of 15 (93%) with nonspecific abnormalities, and 2 males of 6 (33%)
with acquired/congenital structural abnormalities (chi-square: p =
0.009).

Refractory epilepsy at last follow-up was significantly different
across all three groups (p = 0.035; Fig. 1a). When compared with the
normal/normal variant group, patients with acquired structural or po-
tentially relevant congenital structural abnormalities were more likely
to have refractory epilepsy (3 of 14 in normal/normal variant group ver-
sus 5 of 6 in acquired/congenital structural abnormality group, adjusted
for multiple comparisons p= 0.03, Fig. 1a). We confirmed this finding
by assessing the number of AEDs patients were on at last follow-up
(Fig. 1b). Individualswith normal/normal variantMRIswere on an aver-
age of one AED (median= 0, IQR: 0–1.5) while those with nonspecific
abnormalities were on an average of two AEDs (median = 1, IQR: 0–
3), and those with potentially relevant abnormalities were on an aver-
age of three AEDs (median= 3, IQR: 2–5). The number of AEDs patients
were prescribed at last follow-up was significantly different across the
groups (one-way ANOVA, p = 0.0137) with the difference primarily



Fig. 1.Patientswith congenital/acquired abnormalitieswere significantlymore likely to have (A) refractory epilepsy (normal vs congenital/acquired, adjusted chi-square *p= 0.03) and to
be on (B) multiple AEDs at last follow-up (normal vs congenital/acquired, adjusted Fisher's exact test *p= 0.032), as compared with patients with normal imaging.
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between the normal group and the potentially relevant abnormalities
group (Tukey's post-hoc p= 0.01).

4. Discussion

In this single-center retrospective study neuroimaging was abnor-
mal in 21 (58%) of the 36 patients with scans available for review, but
identified abnormalities were nonspecific and not felt to be explanatory
of the patients' epilepsy in 15 patients (42%). However, six patients
(16%) had acquired or potentially relevant structural congenital abnor-
malities, suggesting an additional or compound etiology for the epi-
lepsy. The presence of these potentially relevant congenital or
acquired abnormalities was associated with later refractory epilepsy,
but none of the identified abnormalities influenced medical treatment.

The findings noted on MRI in our study patients are consistent with
brain abnormalities previously reported in patients with DS. Specifi-
cally, the frequent finding of prominent extra-axial space or Sylvian fis-
sures, vermian hypoplasia, and frontal lobe abnormalities in our
population is in line with prior neuroimaging studies in patients with
DS [11,12]. Furthermore, children and neonates with DS are found to
have congenitally small brainstems [13]. Therefore, some of the MRI
findings in our patients may be intrinsic developmental neuroanatomic
findings related to DS, whether or not associated with epilepsy. In the
absence of an imaged control group of infants with DSwithout epilepsy,
the significance of our macrostructural findings in the context of
epileptogenesis requires further study.

Interestingly, imaging abnormalities (congenital/acquired) are a
known risk factor for refractory epilepsy, andwe found a similar associ-
ation in patients with DS. Whether this is related to other genetic or an-
atomic variables remains to be determined. In general, it is believed that
patients with DS and IS have better outcomes as compared with IS with
other etiologies [6], and further phenotypingmay help clarify outcomes
in children with DS and IS. The reasons for differential outcomes in pa-
tients with DS versus other patients remain unclear. It would also be in-
teresting to do functional connectivity studies, to better evaluate
connectivity abnormalities as a potential prognostic indicator. This
would, of course, be challenging to obtain in many patients, as it could
require additional sedation time for functional magnetic resonance im-
aging (fMRI). However, improving technologies could speed up data ac-
quisition and make such studies possible.

The clinical relevance of neuroimaging is an important consider-
ation, as imaging usually requires general anesthesia, and the popula-
tion with DS is known to be a higher risk group for general anesthesia
[14]. Magnetic resonance imaging utility in our cohort is relatively
low, but abnormal MRI appears to offer some prognostic information.
The anesthesia risk, although somewhat higherwithDS, is still relatively
low, affecting b5% of patients [15]. For some clinicians, this could be an
argument in favor of deferring imagingwhile othersmight prefer to ob-
tain neuroimaging at time of IS diagnosis or with refractory IS.

Limitations of our study are the retrospective study design, small co-
hort, lack of control data, and shorter duration of follow-up. The
strengths include blinded neuroimaging review with the majority of
scans occurring on the same MRI scanners.

Overall, our study provides thefirst detailed review of neuroimaging
findings in a cohort of patients with DS with IS. We find that neuroim-
aging did not significantly alter treatment course. We demonstrate an
association between refractory epilepsy and potentially relevant con-
genital structural abnormalities in a significant minority of DS–IS. Fur-
ther prospective studies would be helpful to clarify this finding.
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