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Abstract

Background: An early diagnosis of CHARGE syndrome is challenging, especially for the primary care physicians who
often take care of neonates with multiple congenital anomalies. Here we report eight cases of CHARGE syndrome whose
diagnosis was made early in life with the intent to identify the most helpful features allowing a prompt clinical diagnosis.

Methods: Medical records of patients with CHARGE syndrome whose diagnosis was made at the Fondazione IRCCS Ca′
Granda Ospedale Maggiore Policlinico in Milan, Italy were retrospectively reviewed.

Results: Taken together, these patients reflect the considerable phenotypic variability of the syndrome; in one patient, the
diagnosis was made immediately after birth because all the major criteria were met. In six patients, presenting with
relatively nonspecific defects, a temporal bone computerized tomography scan was essential to achieve the correct
diagnosis. In one patient, the diagnosis was made later than the others were. A careful examination revealed the
presence of outer, middle, and inner ear anomalies: these elements, in the absence of any additional major criteria,
represented for us an important diagnostic clue.

Conclusions: This article suggests that an accurate evaluation of the ear should be made every time CHARGE syndrome
is considered as a likely diagnosis even when the standard criteria are not fulfilled.

Keywords: CHARGE syndrome, Early diagnosis, Ear malformations
Background
CHARGE syndrome (CS) (OMIM #214800) is an
autosomal dominant condition with an occurrence of 1 in
10,000 births [1, 2]. The clinical features of CS were origin-
ally described in 1979 by Hall and Hittner [3, 4]. In 1981,
Pagon et al. developed the CHARGE acronym (coloboma,
heart defect, atresia choanae, retarded growth and develop-
ment, genital hypoplasia, ear anomalies/deafness).
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Additional features of this syndrome include cleft lip
and palate, hearing loss, tracheoesophageal fistula
(TE), and cranial nerve dysfunction such as facial
nerve palsy [5]. Some of the congenital abnormalities
present in CS can lead to premature death [6].
At present, the clinical criteria elucidated by Blake and

Verloes are used together with those of Hall and Hittner.
The Blake criteria were slightly adjusted by a consortium
and updated in 2009 and include four major and seven
minor criteria with the major ones being abnormalities
of the ear, coloboma, choanal atresia, cranial nerve dys-
function [5, 7]. Anomalies of the ear could potentially
affect the external, internal and middle part with a
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frequency between 80 and 100% [8]. All four major, or
three major and three minor, criteria must be present in
order to diagnose CS. In 2005, Verloes proposed a re-
vised set that included semicircular canal defects as a
major criterion, anticipated broadening of the pheno-
typic spectrum, and reduced the number of features ne-
cessary for a diagnosis of CS [9]. Blake [5] and Verloes
[9] criteria are summarized in Table 1.
CS was previously referred as an association until

chromodomain helicase DNA binding protein 7 (CHD7),
located on chromosome 8q12.1, was identified as the
main gene responsible for the syndrome [10, 11]. Diag-
nosis now can be confirmed but not excluded by identi-
fying a mutation of this gene found with a detection rate
varying between 65 and 90% [8]. The condition is typic-
ally sporadic with few familial cases reported [7, 12]. It
has a considerable phenotypic variability [2] with no
single feature being consistently present and, for this
reason, it represents a diagnostic challenge for the pri-
mary care physician. Here we report eight different cases
of CS whose diagnosis was made early in life.

Methods
We describe a series of eight patients with CS whose
diagnosis was made in the Neonatal Intensive Care Unit
and neonatal follow up service of our hospital from
January 2012 to March 2018. Clinical data, imaging stud-
ies and laboratory test results were collected by consulting
the infants’ computerized medical charts. All patients
underwent a thorough clinical evaluation which included:
echocardiography, abdominal ultrasonography, cerebral
magnetic resonance imaging, cranial computed tomog-
raphy (CT) (with the exception of patient 8), audiometry
testing, fundoscopy, ear nose throat (ENT), neurological
and genetic evaluation. Sequence analysis of the CHD7
gene was performed in Policlinico Sant’Orsola-Malpighi
in Bologna, Italy. The other genetic tests (i.e. karyotype
and array-comparative genomic hybridization) were
Table 1 Blake and Verloes diagnostic criteria

MAJOR CRITERA

Blake [5] Coloboma, microphthalmia
Choanal atresia
Ear abnormalities
Cranial nerve dysfunction

Cardiova
Tracheoe
Genital h
developm
Cleft lip
Develop
Growth
Characte

Verloes [8] Coloboma (iris or choroid)
Choanal atresia
Hypoplastic semicircular canals

Rhombe
Hypotha
Abnorm
Malform
Mental r
performed in our clinic. Informed consent was provided
by both parents. The aim of this study was to identify,
among all the clinical features, which were the most help-
ful in reaching the correct diagnosis and differentiating CS
from other similar conditions.

Results
In Table 2 we summarize the patients’ clinical features and
molecular findings. Among major criteria, choanal atresia
was detected only in patient 4. All patients presented with
coloboma and hypoplastic or absent semicircular canals
with the exception of patient 8 who presented instead with
an abnormal right vestibular enlargement. Among minor
criteria, rhombencephalic dysfunction, abnormal middle or
external ear and psychomotor delay were reported in all
patients. Malformation of mediastinal organs (i.e. heart and
esophagus), to different degrees, were observed in seven
patients.
In patients 1–7, the clinical diagnosis of CS was made

within the first month of life. On the other hand, the cor-
rect diagnosis in patient 8 was made at 18months of life.
Initially, 22q11.2 deletion syndrome was suspected be-
cause of the clinical presentation, in particular the marked
difficulty in swallowing. Fluorescence in situ hybridization
specific for 22q11.2 region along with array-comparative
genomic hybridization were performed and both analysis
resulted normal. Considering the findings of hypogonado-
tropic hypogonadism and agenesis of olfactory right bulb,
a diagnosis of Kallmann Syndrome was proposed. Molecu-
lar analysis with next generation sequencing was also per-
formed but no mutations were found for KAL1, FGFR1,
PROKR2, GnRHR, GnRH1, GnRH2, KISSR1, TAC3,
TACR3, or HS6ST. The correct diagnosis was finally
achieved only by focusing on ear malformations: the pa-
tient presented with low set ears with small lobules along
with abnormal right vestibular enlargement as seen by
cerebral magnetic resonance imaging (MRI) and bilateral
aplasia of superior and posterior semicircular canals as
MINOR CRITERIA DIAGNOSIS

scular malformations
sophageal defects
ypoplasia/delayed pubertal
ent

and/or palate
mental delay
retardation
ristic face

Typical CHARGE
4 major criteria
3 major + 3 minor criteria

ncephalic dysfunction
lamo-hypophyseal dysfunction
al middle or external ear
ation of mediastinal organs
etardation

Typical CHARGE
3 major criteria
2 major and 2 minor criteria
Partial/incomplete CHARGE
2 major and 1 minor criteria
Atypical CHARGE
2 major criteria
1 major and 3 minor criteria
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Fig. 1 Patient 8’s axial CT image shows the dysplasia of lateral SCC
(black arrow) which is only partially present
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well as dysplasia of lateral semicircular canal and ves-
tibulum, dysplasia of the stapes and of the oval win-
dow, depicted by CT (Fig. 1). CS was confirmed by
molecular analysis of the CHD7 gene which revealed
a heterozygous mutation (c.5405-17G > A; IVS25). Pa-
tient 4 died at 6 months of age from cardiopulmonary
arrest. The other patients are currently alive and all
of them present with developmental delay and hearing
impairment.
Fig. 2 External typical aspect of ears in our patients
Discussion
An early diagnosis of CS is important to enable the estab-
lishment of a multidisciplinary care team to manage the
developmental concerns [12]. This syndrome has a con-
siderable phenotypic variability [7] and many of its fea-
tures including genital hypoplasia, cleft palate, and heart
defect are shared with other syndromes such as 22q.11.2
deletion, Kallmann, Treacher Collins, and VACTERL (ver-
tebral, anorectal, TE, renal and limb defects) [11–13].
Moreover, some clinical features may not be fully
expressed early in life, some cannot be observed on phys-
ical examination, and mental retardation becomes evident
only over time. For these reasons, a differential diagnosis
can be challenging for the neonatologist who often takes
care of newborns with multiple congenital anomalies. In
our case series, rhombencephalic dysfunction and ear
anomalies were reported in all patients. Multiple cranial
nerve involvement produces many ENT concerns includ-
ing olfactory, facial, glossopharyngeal and vagus nerve in-
volvement. Moreover, choanal stenosis/atresia, cleft lip/
palate and TE fistulas may also be present. For this reason,
consultation by an ENT physician is essential.
For patient 4 all the major criteria were met and

the diagnosis was made immediately after birth. Pa-
tients 1–3 and 5–7 presented with relatively nonspe-
cific defects, except for bilateral coloboma and in all
these patients, temporal bone CT scan was crucial to
obtain the correct diagnosis. In fact, when Verloes
proposed revised criteria, semicircular canal defects
were included as a major one, as these defects were
shown to be a very specific and consistent feature of
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CS [14, 15]. Patient 8 was the tricky one, and the
diagnosis was made much later with respect to the
others. He did not express any major criteria but
had a significant feeding problem along with renal
anomalies, hearing loss, hypogonadotropic hypo-
gonadism, and agenesis of olfactory right bulb. For
this reasons, 22.q11.2 deletion syndrome and Kall-
mann syndrome were initially suspected. In the diag-
nostic management of this case, focusing on ear
anomalies was extremely helpful in pointing to the
correct diagnosis. Although an abnormal right ves-
tibular enlargement is not specific for CS, the pres-
ence of aplasia of semicircular canals together with
the middle and outer ear anomalies was crucial in
addressing the proper diagnosis.
In CS, ear abnormalities are extremely frequent be-

ing found in > 90% of patients. Although semicircular
canal anomalies are highly penetrant features in this
syndrome, all the three segments of the ear can be
affected and, in fact, ear anomalies are included both
in major and in minor criteria [8, 16]. External mal-
formations usually involve an abnormal shape and
position of the pinnae, a cup shape wide helix, fre-
quently small or absent lobules (Fig. 2). Middle ear
involvement includes ossicular malformations, in par-
ticular the aplasia or dysplasia of the incus, of the
stapes and oval and round windows, and chronic
serus otitis which contributes to conductive hypoacu-
sia [8, 16]. Inner ear abnormalities include cochlear
and vestibular anomalies such as dysplasia of the ves-
tibulum and varying degrees of cochlea hypoplasia
and malformations, as well as aplasia or dysplasia of
semicircular canals which is quite characteristic of
CS [8, 16]. Patient 8 presented with low set ears with
small lobules, a right mild conductive hearing loss,
and an abnormal right vestibular enlargement de-
tected by cerebral MRI as well as bilateral aplasia of
semicircular canals. These elements reinforced the
hypothesis of CS, which was confirmed on molecular
analysis. It is interesting to note that the mutation
detected in this case (c.5405-17G > A; IVS25) was
previously reported as associated with a mild pheno-
type, especially in a familial case supporting genotype
– phenotype correlation [17].

Conclusion
An early pediatric clinical diagnosis of CS remains a
complicated task [18]. Which anomaly or combination
of anomalies carries the greatest diagnostic weight is
not entirely clear. When CS is considered as a likely
diagnosis but the criteria are not fulfilled, our experi-
ence suggests that a careful observation of the ear
could be helpful. Moreover, a CT scan and a MRI of
the temporal bone should be obtained to look for the
suggestive middle and inner ear defects. Although it
is known that with appropriate imaging, abnormalities
of the semicircular canals are found in as many as
95% of CHARGE individuals [14, 19–23], this study
underlines the importance of a prompt recognition of
these signs in the neonatal age to make early diagno-
sis and timely care.
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