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CLINICAL REPORT
HEAD & NECK

Head and Neck MRI Findings in CHARGE Syndrome

MJ. Hoch, "7S H. Patel, ““'D. Jethanamest, ““’'W. Win, ““G.M. Fatterpekar, “J.T. Roland Jr, and “*’M. Hagiwara

ABSTRACT

SUMMARY: Coloboma of the eye, Heart defects, Atresia of the choanae, Retardation of growth and/or development, Genital and/or urinary
abnormalities, and Ear abnormalities and deafness (CHARGE) syndrome is a disorder with multiple congenital anomalies seen on imaging. A
retrospective review of 10 patients with CHARGE syndrome who underwent MR imaging of the brain as part of a preoperative evaluation for
cochlear implantation was conducted. Structural abnormalities of the entire MR imaging of the head were evaluated, including the auditory
system, olfactory system, face, skull base, and central nervous system. The most frequent MR imaging findings included dysplasias of the
semicircular canals and hypoplasia of the frontal lobe olfactory sulci. Less frequent findings included cleft lip/palate and coloboma. Our study
uncovered new findings of a J-shaped sella, dorsal angulation of the clivus, and absent/atrophic parotid glands, not previously described in
patients with CHARGE. Our results emphasize the utility of MR imaging in the diagnosis and management of patients with CHARGE syndrome.

ABBREVIATIONS: CHARGE = Coloboma of the eye, Heart defects, Atresia of the choanae, Retardation of growth and/or development, Genital and/or urinary
abnormalities, and Ear abnormalities and deafness; IAC = internal auditory canal; SCC = semicircular canal; SPACE = sampling perfection with application-optimized

contrasts using different flip angle evolutions

oloboma of the eye, Heart defects, Atresia of the choanae, Retar-

dation of growth and/or development, Genital and/or urinary
abnormalities, and Ear abnormalities and deafness (CHARGE) syn-
drome was first described in 1979 by Hall' in 17 children with mul-
tiple congenital anomalies, including choanal atresia, and separately
by Hittner et al” in 10 patients with coloboma. It is an autosomal
dominant disorder with a North American prevalence of 1/10,000
live births.>* Most cases are sporadic with the CHD7 gene mutation
identified as a cause in 2 of 3 patients.>® The 6 classic diagnostic
criteria of the acronym described by Pagon et al” in 1981 are ocular
Coloboma, Heart defects, choanal Atresia, Retardation, Genital
anomalies, and Ear anomalies. Additional anomalies have been re-
ported, and revised criteria for the diagnosis have been proposed.
Blake et al’ expanded the original criteria to include brain stem
anomalies and visceral malformations. Verloes® focused on the “3C
triad” of coloboma, choanal atresia, and abnormal semicircular ca-
nals and formally defined partial and atypical CHARGE syndromes.
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Multiple anomalies are seen on imaging involving the ear, or-
bit, nasal cavity, and brain. Most neuroimaging reviews of pa-
tients with CHARGE syndrome focus on the CT findings within
the temporal bone.””'> While many temporal bone findings are
clinically important for diagnosis and treatment, other findings
such as cochlear nerve abnormalities are better characterized with
MR imaging. However, MR imaging reviews of CHARGE syn-
drome are limited, focusing on only 1 or a few anomalies.'*”'* To
date, no single study comprehensively reports all key head and
neck MR imaging findings in CHARGE syndrome, to our knowl-
edge. The purpose of our article was to determine, by retrospec-
tive review, the head and neck structural anomalies in patients
with CHARGE detected on MR imaging. Our findings will be
compared with other works in the literature for concordance
when available. Instructive images of the structural anomalies will
be included for educational purposes.

CASE SERIES

Retrospective review of the radiology data base from 2006 to 2015
yielded 10 patients with CHARGE syndrome who underwent MR
imaging of the brain as part of a preoperative evaluation for co-
chlear implantation. Inclusion criteria used for the clinical diag-
nosis of CHARGE syndrome were based on those set by Verloes.®
Typical CHARGE syndrome requires all 3 of the major criteria or
2 of the major and at least 2 minor criteria. Classification as atyp-
ical CHARGE is used for patients with 2 major and no minor or 1
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Summary of clinical documentation of CHARGE diagnosis for the 10 subjects according to the criteria set by Verloes®

Subject
1 2 3 4 5 6 7 8 9 10

Sex M M F F M M M F F
Age at MRI (yr) 1 2 18 1 1 7 4 8 mo 1 19
Major criteria

Coloboma + + + + +

Choanal atresia + +

SCC hypoplasia + + + + + + + + + +
Minor criteria

Rhombencephalic dysfunction +12 +12 +! +12 +12 +! +! +2 +12

Hypothalamohypophyseal dysfunction +3 +4 +4 +3 +4 44 +4

Malformation of ear 456 +6 +6 +56 46 46 46 46 16 L6

Malformation of mediastinum +7 +7 +7 +7 +7 +7 +78 47

Mental retardation + + + + +

Typical CHARGE + + + + +

Atypical CHARGE + + + + +

Note:— + indicates present criteria; +', cochlear nerve hypoplastic or absent; +2, brain stem hypoplasia; +>, undescended testes; +*, growth delay; +°, external ear
malformation; +, inner ear malformation; 47, cardiac malformation; 42, tracheoesophageal fistula.

major and at least 3 minor criteria. The clinical diagnostic infor-
mation is summarized in the Table. Five of the 10 patients were
classified as having typical CHARGE syndrome. The other 5 were
classified as having atypical CHARGE syndrome. None of the pa-
tients met the criteria for partial CHARGE syndrome. Three of the
5 patients with typical CHARGE had CHD? genetic testing, and
all 3 had findings positive for the mutation. Patient ages ranged
from 8 months to 19 years of age (average age, 6.4 years). Seven
patients were 2 years of age or younger at the time of imaging. Six
patients were male. All patients were imaged on 1.5T MR imaging
scanners (Aera and Avanto; Siemens, Erlangen, Germany). Nine
of the 10 patients had high-resolution heavily T2-weighted 3D
imaging of the temporal bones, such as CISS (n = 8) or T2 sam-
pling perfection with application-optimized contrasts using dif-
ferent flip angle evolutions (SPACE sequence; Siemens) (n = 1).
Five of the 10 patients had intravenous contrast administered
during their MR imaging examinations.

Each bilateral structure, including the ears and orbits, was
evaluated separately. The 10 cases were reviewed in consensus by
2 Certificate of Added Qualification—certified neuroradiologists
with 8 and 3 years of experience, specializing in head and neck
imaging. Because of the variability in MR imaging sequences, not
all structures were visualized equally. This discrepancy was re-
flected in the final analysis. Structural abnormalities of the entire
MR imaging of the head were evaluated, including the auditory
system, olfactory system, face, skull base, and central nervous
system.

Imaging criteria of most temporal bone findings were based

117 Readers assessed findings of

on previously reported findings.
vestibular dysplasia, semicircular canal (SCC) dysplasia, cochlear
dysplasia, absence of the cochlear aperture, cochlear nerve defi-
ciency, internal auditory canal (IAC) dysplasia, and an enlarged
vestibular aqueduct.”'*'!”

The olfactory apparatus and facial structures were evaluated
for abnormalities, some of which were based on other published

7221315 including olfactory

works involving CHARGE syndrome,
bulb and sulcal hypoplasia/aplasia, choanal atresia, nasal septal
integrity, cleft lip and palate, and chorioretinal coloboma. The
parotid glands were included in the FOV of all examinations and

were also evaluated for any abnormality.
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The skull base was evaluated for abnormalities, with basioc-
cipital hypoplasia and basilar invagination previously reported in
patients with CHARGE syndrome.'” Basilar invagination was re-
corded if the tip of the odontoid process extended >5 mm above
the Chamberlain line. Other observed abnormalities of the skull
base were also recorded.

Readers evaluated variations in venous drainage as previously
described in patients with CHARGE. These included enlarged
transmastoid emissary veins, hypoplastic sigmoid sinus or jugular
foramen, aberrant petrosal sinus, venous lakes, condylar canal
veins, and high-riding jugular bulbs.'®

The brain was evaluated for known reported associated find-
ings of CHARGE syndrome such as Chiari I malformation, Dandy-
Walker spectrum, holoprosencephaly spectrum, brain stem hyp-
oplasia, other cranial nerve dysplasia, cerebellar hypoplasia, and

1920 and for other potential abnormalities.

ventriculomegaly,

MR imaging data for the 10 patients included mild variability
in sequence acquisitions among patients. Therefore, the findings
provided for each of the sections reflect the variability of the data.
When MR imaging did not cover a pertinent area of interest,
relevant data were not recorded. Fig 1 shows the percentage of

structures evaluated when the finding was present.

Temporal Bone

Of the inner ears evaluated, 20 of 20 had both vestibular and SCC
dysplasia (Fig 2). Because 1 patient did not have high-resolution
3D T2-weighted or CISS imaging, the following were scored of 18
total ears: Fifteen had cochlear nerve deficiency (bilateral in 7
subjects) (Fig 3), 8 had an absent cochlear aperture (bilateral in 3),
and 1 had a unilateral enlarged vestibular aqueduct. One patient
with bilateral cochlear nerve deficiency also had unilateral vestib-
ular nerve deficiency. Eighteen of 18 patients also had IAC dys-
plasia (bilateral in 9), of which 4 were enlarged and 14 were ste-
notic. Sixteen of 18 patients had cochlear dysplasia (bilateral in 7)
with most patients (n = 7) having 1.5 turns.

Olfactory Apparatus and Face

Only 2 patients of 10 had choanal atresia (Fig 4), and 1 of those 2
had a deficient posterior nasal septum. Due to FOV coverage vari-
ability, 16 olfactory structures (8 patients) could be evaluated;
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FIG 1. Bar graph of the percentage of findings present in all 10 patients with CHARGE. A percentage was chosen as the representation because
some findings were bilateral and others were singular, and some of the structures could not be evaluated in all patients due to differences in
imaging technique. Inner ear dysplasia, olfactory structure hypoplasia, and skull base hypoplasia were the most frequent findings.

FIG 2. Axial CISS image at the level in the inner ears shows bilateral
vestibular dysplasia (arrows) and absence of the semicircular canals.
Inner ear malformations are among the most frequent head and neck
findings in CHARGE syndrome.

however, all 16 demonstrated olfactory nerve hypoplasia with as-
sociated absent or hypoplastic olfactory sulci (Fig 5). Twelve of
those 16 showed small bony olfactory grooves. Five of 10 patients
had a cleft lip and cleft palate (Fig 6). Coloboma was seen in 8 of 20
imaged globes (Fig 7).

All temporal bone MRIs covered the entire parotid and
parapharyngeal spaces. Two of 10 patients demonstrated aplastic

bilateral parotid glands (Fig 8). Four additional patients had hy-
poplastic parotid glands bilaterally (2 of which had accessory sal-
ivary tissue along the masseter). The MR imaging scans covered
the submandibular glands in 9 of 10 patients. Those 9 patients had
normal-appearing submandibular glands. No ectopic salivary
glands were identified in any patients.

Skull Base

Only 1 patient had a normally formed skull base. The other 9
patients had basioccipital hypoplasia, none of which had classic
basilar invagination. All 10 patients had a normal relationship of
the superior ossification center of the dens with respect to the
anterior arch of C1. However, 7 of 10 demonstrated a dorsally
angled clivus, with posterior displacement of an ossific density,
which we interpreted to reflect an underdeveloped basioccipital
ossification center and widening of the spheno-occipital synchon-
drosis (Fig 9). Eight of 10 had hypoplasia of the sella with 7 of
those patients having a “J-shaped” appearance, with flattening
and elongation of the tuberculum sella (Fig 9B).”'

Venous Anomalies

In 2 of the 10 patients, the readers reported insufficient imaging
data to accurately assess the venous structures. Of the remaining 8
patients, 6 demonstrated large anomalous transmastoid emissary
veins (Fig 10), with 3 of these patients demonstrating this finding
bilaterally. In 5 of the 6 patients with anomalous transmastoid
emissary veins, the ipsilateral sigmoid sinus was hypoplastic. One
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FIG 3. Oblique sagittal CISS images of the bilateral internal auditory canals show unilateral co-
chlear nerve deficiency. A, The normal right IAC has all 4 nerves. The cochlear nerve is seen in the
anterior inferior quadrant of the IAC (arrow). B, The cochlear nerve is not visualized in the left IAC.
There is also the suggestion of left inferior vestibular nerve hypoplasia (arrow).

FIG 4. Axial CISS image at the level of the nasal cavity shows right
choanal atresia (arrow) with retained secretions in the nasal cavity.

FIG 5. Coronal HASTE image shows bilateral shallow olfactory
grooves with absent olfactory nerves (short arrow) and absent olfac-
tory sulci (long arrow). The findings are labeled unilaterally.

of the patients with bilateral transmastoid emissary veins also
demonstrated bilateral enlarged transoccipital emissary veins.

Central Nervous System

None of the 10 patients had findings of Chiari I malformation or
holoprosencephaly. However, 5 patients showed brain stem hyp-
oplasia, 1 had vermian hypoplasia, and 1 had both vermian and
brain stem hypoplasia. Three of 10 patients had ventriculomegaly.
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DISCUSSION

This is the largest comprehensive review
of the structural head and neck MR im-
aging findings in CHARGE syndrome.
As in other reviews of CHARGE syn-
drome, findings reflecting the acronym
were variable in frequency. Inner ear ab-
normalities were the most frequent find-
ing, whereas coloboma and choanal
atresia were infrequent findings. Most
interesting, skull base dysplasia and ol-
factory complex hypoplasia, which are
not part of the acronym, were 2 of the
most frequent findings.

While complementary, MR imaging
has advantages over CT in the preoperative evaluation of pediatric
deafness.”” MR imaging can identify cochlear nerve aplasia and
can better delineate brain abnormalities that can potentially alter
management in patients with CHARGE, who often require brain
stem or cochlear implantation. While sedation is often needed for
pediatric patients, MR imaging does not use radiation, which is of
particular concern in the pediatric population.

There are 2 recently described and potentially major new di-
agnostic criteria for CHARGE syndrome. The first is olfactory
complex anomalies, which include either absence or hypoplasia of
the olfactory nerve, sulcus, and bony groove. This was described
by Pinto et al in 2005 and later by Blustajn et al in 2008."> Our
findings of 8 of 8 visible cases with olfactory complex anomalies
are in agreement with the prior works. Pinto et al*® proposed that
the olfactory abnormality and hypogonadotropic hypogonadism
in patients with CHARGE syndrome overlap the main features of
Kallmann syndrome. Deficiency of fibroblast growth factor sig-
naling is thought to be responsible for olfactory bulb dysgenesis in
Kallmann syndrome,** and Pinto et al theorized that there may be
potentially a functional connection between CHD?7 and fibroblast
growth factor signaling in olfactory bulb differentiation.'>?

The second newly proposed potential major criterion for
CHARGE syndrome is abnormal basiocciput development.'” Ba-
siocciput hypoplasia results in shortening of the clivus and was
previously reported to be closely associated with basilar invagina-
tion.>® The work of Fujita et al'> showed that 7 of 8 patients with
CHARGE syndrome had basioccipital hypoplasia, and of those, 5
had basilar invagination. Our series demonstrated 9 of 10 patients
with basioccipital hypoplasia, similar to the work of Fujita et al.
However, none of our patients were judged to demonstrate basilar
invagination. Instead, 7 of 10 patients demonstrated a dorsally
angulated clivus with posterior displacement of an ossific density
forming the inferior clivus; we interpreted this ossific density to
reflect an underdeveloped basioccipital ossification center, with
associated widening of the spheno-occipital synchondrosis. This
finding has not been previously reported. The spheno-occipital
synchondrosis is often not fused in the teenage years. We suspect
that the posteriorly displaced basioccipital ossification center can
mimic basilar invagination. All our patients demonstrated a nor-
mal relationship of the superior ossification center of the dens
with the anterior arch of CI.

Our study is the first to describe a J-shaped sella associated



FIG 6. Cleft palate in 2 different patients. Coronal T2 SPACE recon-
struction (A) and 3D Tl-weighted coronal image (B) demonstrate a
bony defect in the hard palate (arrows), allowing communication
between the oral and nasal cavities.

FIG 7. Axial CISS image at the level of the orbits demonstrates focal
outpouching of the posterior globes at the optic disc, consistent with
bilateral colobomas (arrows).

FIG 8. Axial T2-weighted image shows absent bilateral parotid glands.
There is fatty tissue in both parotid spaces (arrows), with no identifi-
able salivary gland tissue. This finding has not been previously re-
ported in CHARGE syndrome, to our knowledge. The normal-appear-
ing masticator muscles argue against denervation atrophy and early
fatty replacement as a cause of the parotid abnormality.

FIG9. Sagittalimages of skull base dysplasia in 2 different patients. A,
Sagittal Tl-weighted image demonstrates skull base hypoplasia with
dorsal angulation and posterior displacement of a hypoplastic basi-
occipital ossification center (arrow) and widening of the spheno-oc-
cipital synchondrosis. B, Sagittal 3D Tl-weighted image shows a J-
shaped sella (short arrows) with flattening and elongation of the
tuberculum sella. There is also evidence of a dorsally angulated clivus
(long arrow), with findings similar to those in A. None of the patients
had basilar invagination.

FIG 10. Axial postcontrast fat-saturated T1-weighted image (A) and
axial temporal bone CT image (B) of the left temporal bone demon-
strate a prominent left transmastoid emissary vein (arrows).

with CHARGE syndrome. This appearance was described in 1923
as a skull plain film finding suggestive of intracranial extension of

optic nerve glioma.*

This has been reported in patients with
achondroplasia and mucopolysaccharidoses related to skull base
hypoplasia, as well as in patients with intracranial aneurysms due
to bony remodeling.”"*” In our patients with CHARGE syn-
drome, the J-shaped sella is also potentially related to the basioc-
cipital hypoplasia.

Most surprising, 6 of 10 patients had aplastic or hypoplastic
bilateral parotid glands. To our knowledge, this finding has not
been previously described in association with CHARGE syn-
drome. Congenital absence of the salivary glands is infrequent
and often involves multiple major salivary glands.”®*® In the 9
patients in whom the submandibular glands were included in the
FOV, all 9 had normal-appearing submandibular glands. Further-
more, all subjects had normal-appearing masticator muscles and
bilateral cranial nerve V, which would argue against denervation
atrophy and early fatty replacement as a cause of the parotid
abnormalities.

The etiology of parotid gland dysplasia in patients with
CHARGE is unclear. Salivary gland dysplasia can be associated
with Treacher Collins syndrome and other facial anomalies,” as
well as with deafness and ear malformations.”" Parotid glands
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develop in the sixth-to-eighth week of gestation from oral ecto-
derm. Abnormalities of the inner ear associated with CHARGE
such as vestibular and SCC dysplasias tend to occur with an insult
in the sixth-to-eighth week of gestation.”* The similar timeframes
of growth arrest could be explained by an insult to both develop-
ing parotid buds and primitive inner ears. Disruption of the
fibroblast growth factor pathway has been reported in auto-
somal dominant salivary gland aplasia; as theorized with olfac-
tory bulb dysplasia, the CHD7 mutation in a patient with
CHARGE could potentially affect fibroblast growth factor sig-
naling for parotid gland development.”’

Our MR imaging findings of inner ear malformations were
similar to those in prior CT reviews. When the area of interest was
imaged appropriately, 100% of our patients had bilateral vestib-
ular, SCC, and TAC dysplasia. This finding is similar to that in the
studies of Lemmerling etal,'" in which all 7 patients also had these
3 abnormalities bilaterally, and Morimoto et al,  in which all 13
patients had bilateral SCC dysplasia.”'" In the work of Morimoto
et al, only 15 of 26 ears studied had vestibular dysplasia. In the
work of Admiraal et al,'” all cases had bilateral SCC absence on
CT, but 2 cases had normally formed vestibules. On MR imaging,
SCC abnormalities remain the most frequent temporal bone find-
ing in patients with CHARGE.

In our study, 15 of 18 ears had cochlear nerve deficiency. This
finding is similar to that in the work of Holcomb et al,'* who also
showed, on MR imaging, that 13 of 14 ears in patients with
CHARGE with sensorineural hearing loss also had deficient or
absent cochlear nerves. There were 14 ears with stenotic IAC dys-
plasia, of which 3 demonstrated the presence of a normal-caliber
cochlear nerve. We conclude that abnormal IAC morphology is
not a reliable indicator of cochlear nerve integrity. This was sim-
ilarly demonstrated by Adunka et al,'* who studied the relation-
ship of the TAC morphology to cochlear nerve abnormalities in 14
children.

Brain stem and cerebellar hypoplasia and ventriculomegaly
have been previously reported in patients with CHARGE syn-

drome™'?

and were demonstrated in our patients. Six of our pa-
tients had brain stem hypoplasia, 2 patients had vermian hypopla-
sia without other findings of Dandy-Walker malformation, and 3
patients had ventriculomegaly. While there is a reported increased
prevalence of Chiari I malformation, Dandy-Walker malforma-
tion, and holoprosencephaly in patients with CHARGE syn-
drome,” none of the patients in our study demonstrated these
findings.

Temporal bone venous anomalies have also been reported in
patients with CHARGE syndrome,'® with large emissary veins
being the most common finding. Six of our patients demon-
strated large transmastoid emissary veins, with half of those pres-
ent bilaterally; most of these patients showed an ipsilateral hyp-
oplastic sigmoid sinus. Other reported anomalies, including a
high-riding jugular bulb and venous lakes, were not found in our
study.

This retrospective study enumerates the head and neck MR
imaging findings in 10 patients with CHARGE syndrome. Be-
cause MR imaging and CT play a complementary role in surgical
treatment of these patients, knowledge of the common and less
frequently associated MR imaging abnormalities is necessary. Fre-
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quent findings such as basioccipital dysplasia and olfactory hyp-
oplasia are not found in the CHARGE acronym; thus, further
discussion into revising the diagnostic criteria of this syndrome is
warranted. Novel findings reported in our study include dorsal
angulation of the clivus, a J-shaped sella, and absent parotid
glands.

Disclosures: J. Thomas Roland Jr—UNRELATED: Board Membership: Cochlear Amer-
icas, Advance Bionics; Comments: on advisory boards; no money paid to individual.
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