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Health supervision and management considerations for individuals with CHARGE syndrome are often complex, and a
comprehensive approach is essential. The Atlantic Canadian
CHARGE syndrome team developed a checklist organized by
body system and age to aid healthcare providers in their
approach to the ongoing care of these individuals. The checklist was evaluated qualitatively using a modified Delphi
method with widespread consultation from expert healthcare
practitioners, parents, and individuals with CHARGE syndrome. These are the first comprehensive guidelines across
the lifespan of CHARGE syndrome that suggest a consistent
approach to medical surveillance, investigations, and management for the physician and the multi-disciplinary team caring
for these individuals. We anticipate that these guidelines will
provide improvements in care by preventing missed diagnoses,
allowing for anticipatory counseling, and facilitating early
referral for interventions and treatments.
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INTRODUCTION
CHARGE syndrome (OMIM#214800) is an autosomal dominant
disorder that leads to variable multiple congenital anomalies and is
estimated to occur in 1 in 10,000 to 1 in 15,000 live births [Issekutz
et al., 2005; Janssen et al., 2012; OMIM, 2016]. The acronym
CHARGE stands for the association of Coloboma, heart defect,
atresia choanae, retarded growth and development, genital hypoplasia, and ear anomalies/deafness. The clinical criteria for
CHARGE syndrome were initially proposed by Blake et al. in
1998 and modified by Verloes in 2005, as compared in Table I
[Blake et al., 1998; Verloes, 2005]. Blake et al. criteria required a
patient to have four major characteristics or three major and three
minor characteristics, to be diagnosed with CHARGE syndrome.
Verloes criteria required typical CHARGE syndrome to be diagnosed by three major signs or two major signs and two minor signs.
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Recently, it has been suggested that the diagnosis should involve a
molecular component in order to capture those individuals with
milder features [Hale et al., 2015].
The CHARGE syndrome phenotype can occur as a result of a
heterozygous loss of function mutation of CHD7 on chromosome 8
(8q12) [Vissers et al., 2004; Janssen et al., 2012]. CHD7 is a member
of the chromodomain helicase DNA-binding (CHD) protein family,
which regulates transcription by chromatin remodeling [Janssen
et al., 2012]. CHD7 has been demonstrated to regulate genes
involved in neural crest cell migration, as well as interactions
with other cells during embryogenesis [Schulz et al., 2014].
CHD7 analysis detects mutations in more then 90% of patients
with clinical CHARGE syndrome [Bergman et al., 2011]. CHD7
mutations can also be responsible for those individuals with hypogonadotropic hypogonadism with or without anosmia [Jongmans
et al., 2009]. Of those individuals who have the CHD7 mutation and
a mild clinical CHARGE syndrome phenotype, 14–17% of them
would not meet Blake et al. or Verloes et al. clinical criteria for
diagnosis [Bergman et al., 2011b]. There is no consensus on genetic
testing in the presence of a clear clinical diagnosis. However, genetic
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TABLE I. Comparing Blake et al. (4 Major or 3 Major and 3 Minor) and Verloes et al. Clinical Criteria (3 Major or 2 Major and 2 Minor) for
Diagnosis of Typical CHARGE Syndrome
Blake criteria3
Major criterion
Coloboma of iris, retina, choroid, disc, or
microphthalmia
Choanal atresia or stenosis
Characteristic ear abnormalities
Cranial nerve dysfunction
I: hyposmia
VII: facial palsy (unilateral or bilateral)
VIII: hypoplasia of auditory nerve
IX/X: swallowing problems with aspiration
Minor criterion
Genital hypoplasia
Micropenis, cryptorchidism, hypoplastic labia
Delayed puberty secondary to hypogonadotropic
hypogonadism
Developmental delay
Cardiovascular malformations
Growth deficiency
Orofacial cleft
Tracheoesophageal-fistula
Distinctive face
Square face with broad prominent forehead,
prominent nasal bridge, flat midface

Frequency5

Verloes criteria4

80–90%

Coloboma (iris or choroid, with or without microphthalmia)

50–60%
80–100%

Atresia of choanae
Hypoplastic semi-circular canals

Frequent
>40%
Frequent
70–90%

50–60%
65–75% F
80–85% M
100%
75–85%
65%
15–20%
15–20%
70–80%
Rhombencephalic dysfunction (brainstem dysfunctions, cranial nerve VII to
XII palsies, and neurosensory deafness)
Hypothalamo-hypophyseal dysfunction (including GH and gonadotrophin
deficiencies)
Abnormal middle or external ear
Malformation of mediastinal organs (heart, esophagus)
Intellectual disability

F, female; M, male.

testing is recommended in all suspected cases of CHARGE syndrome
and especially for patients who partially meet the clinical criteria
[Bergman et al., 2011b; Hale et al., 2015].
Patients with CHARGE syndrome experience a wide spectrum
of medical, physical, and psychological issues. Thus, a multidisciplinary healthcare team is usually involved in their care, often
beginning at birth. Guided approaches to health supervision have
been developed for many other complex syndromes, but no
comprehensive guidelines have been published for CHARGE syndrome. We aimed to develop and pilot a user-friendly checklist for
CHARGE syndrome that reminded the physician and the multidisciplinary healthcare team what common and/or critical issues to
consider at different ages across the lifespan. We planned for the
checklist to be accompanied by suggestions for resources for
families and healthcare providers.

METHODS
The CHARGE Syndrome Checklist was developed in three phases.
First, the findings of a literature review and the expert opinions of

the multi-disciplinary team from the Atlantic Canadian CHARGE
syndrome clinic at a large pediatric tertiary care center were
integrated. The multi-disciplinary team included a pediatrician
with an extensive clinical and research background in CHARGE
syndrome spanning 30 years. Second, the authors used the proposed recommendations to develop the checklist. Third, the
checklist was evaluated qualitatively by a diverse international
group of participants using a modified Delphi method [Dalkey,
1969; Jones and Hunter, 1995]. Participants were provided with
drafts of the checklist and were asked to indicate any items they felt
should be added, removed, or changed. Participants included
pediatricians, experts in all fields present at the 2015 International
CHARGE Syndrome Conference, parents of children with
CHARGE syndrome, and individuals with CHARGE syndrome.
The expert participants from the 2015 International CHARGE
Syndrome Conference included deaf–blind specialists, teachers,
occupational therapists, physiotherapists, speech language therapists, neurologists, psychiatrists, geneticists, endocrinologists, and
general pediatricians. There was international representation from
Canada, Denmark, France, Germany, the Netherlands, Mexico, the
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United Kingdom, and the United States. The revised checklist was
piloted in the Atlantic Canadian CHARGE syndrome clinic. A
member of the National Multidisciplinary CHARGE Syndrome
Clinic in the Netherlands then edited it. The finalized checklist was
the result of three rounds of modifications by expert groups, with
the additional participants’ feedback incorporated throughout the
process, as not all participants provided feedback at all rounds of
modification. Supporting documentation was developed and organized in a bullet format, divided by age groups of infancy,
childhood, adolescent, and adult. This document was informed
by the literature of the authors and professionals that attended the
2015 International CHARGE syndrome conference.

[2011b]. Hale et al. [2015] recently proposed diagnostic criteria
including a molecular component.
The phenotype for CHARGE syndrome is varied and many
atypical features have been reported that are not captured in the
classical diagnostic criteria. Hale et al. summarizes the literature for
atypical phenotypes of the CHD7 gene [Hale et al., 2015]. Zentner
et al. [2010] summarizes the literature by organ system for both
CHD7 mutation positive and negative CHARGE syndrome phenotypes including atypical phenotypes.
General reviews of CHARGE syndrome have been written by
Blake et al. and Hsu et al. [Blake and Prasad, 2006; Hsu et al.,
2014].

RESULTS

The Prenatal Visit

There were 97 participants who provided feedback on the checklist.
This resulted in a 49-item list organized into the body systems of
neurology; eyes, ears, nose, and throat; cardiology and respirology,
gastroenterology and genitourinary, endocrinology, allergy and
immunology, genetics, musculoskeletal, psychology, and developmental. The checklist was further divided by life stages: infancy,
childhood, adolescence, and adulthood. The checklist was intended
to be a one-page double-sided document. The front side of the
document includes the checklist, and the back side includes
explanations of abbreviations used, example resources for the
healthcare team and parents, as well as references. Please see
Figure 1 to view the checklist.
The checklist was piloted throughout the editing process in
seven multi-disciplinary CHARGE syndrome clinics led by a
general pediatrician and a clinic nurse specialist at a large
pediatric tertiary care center. A senior medical student without
prior knowledge of CHARGE syndrome was also observed using
the checklist. Any concerns were improved upon in the subsequent revisions.

Most cases of CHARGE syndrome are sporadic; however, there
are reports of familial CHARGE syndrome with documented
cases showing wide variability in phenotypes within the family
[Jongmans et al., 2008]. Therefore, families should be offered
genetic counseling. If the CHD7 mutation occurred as a new
mutation in the first child, the recurrence rate for siblings is
estimated at 2–3%, which is explained by somatic and germline
mosaicism [Jongmans et al., 2008]. Prenatal diagnosis is possible
by chorionic villus sampling or amniocentesis [Blake and Prasad,
2006].

DISCUSSION
Providing medical supervision and longitudinal care to an individual with CHARGE syndrome can be complex, and a structured
comprehensive approach is helpful. In the CHARGE syndrome
checklist, we have chosen to emphasize important issues that a
physician needs to address during office visits. The CHARGE
syndrome checklist is divided by stages across the lifespan: infant,
childhood, adolescence, and adulthood. Each of these stages is
discussed below in bullet point format as an accompaniment to the
checklist. We have included information for a prenatal visit for the
education of the general physician, although typically a clinical
geneticist would counsel parents. Rare health issues that are
commonly missed and can lead to adverse health consequences
are also included. Supporting references are supplied to assist the
physician in their care of individuals with CHARGE syndrome.

Diagnosis
Please see Blake et al. or Verloes criteria for clinical diagnostic
guidelines [Blake et al., 1998; Verloes, 2005]. A guideline for a
genetic diagnosis by CHD7 analysis was provided by Bergman et al.

Health Supervision From Birth to 2 years:
Infancy
Important issues.
 A physical exam looking for major and minor clinical criteria of
CHARGE syndrome should be performed. Length, weight, and
head circumference should be monitored. Birth growth parameters are usually normal; however, failure to thrive often develops
due to challenges with oral intake [Blake et al., 1993]. Data
collection is ongoing to establish up to date growth charts for
CHARGE syndrome (www.chargesyndrome.org).
 The hips should be examined for dysplasia.
 The nasal passages should be checked for patency. Bilateral
posterior choanal atresia is diagnosed at birth. However, unilateral choanal atresia and choanal stenosis can be missed.
 A dilated eye exam is necessary to check for retinal coloboma.
Lubricating eye drops should be considered as protective ophthalmic care for those individuals who are unable to completely
close their eyes from facial nerve palsies.
 All infants require an echocardiogram and chest x-ray. Cardiac
malformations occur in 75–85%, with conotruncal defects and
atrioventricular septal defects being the most common [Lalani
et al., 1993]. Arch vessel abnormalities can occur on their own or
in combination with other defects [Corsten-Janssen et al.,
2013a]. Suspicion of a vascular ring should prompt investigation
by a barium swallow study as this diagnosis can be missed or
delayed. If cardiac surgery is performed, presence, absence, or
removal of the thymus should be reported.
 Procedures requiring anesthesia should be combined when
possible, as there is a greater risk of anesthesia complications
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FIG. 1. CHARGE syndrome checklist organized by body system and age. Shaded boxes indicate key assessment points for clinic visits within
that age group. [Color figure can be viewed at wileyonlinelibrary.com].
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in the CHARGE syndrome population. Detailed references, a
summary, and suggestions regarding anesthesia use are provided
in The CHARGE Information Pack for Practitioners [Trider and
Blake, 2013].
Swallowing studies, feeding team assessments, and interventions
including supplemental feeds by gastrostomy or gastrojejunostomy tubes may be necessary. Symptoms of reflux need to be
treated [Dobbelsteyn et al., 2005, 2008]. There are often early
feeding difficulties due to craniofacial abnormalities as well as
weak chewing, sucking, and swallowing related to problems with
cranial nerves [Blake et al., 2008].
An abdominal ultrasound should be completed to look for renal
anomalies including solitary kidneys, duplex kidneys, and renal
hypoplasia [Blake and Prasad, 2006].
Screening of gonadotropins should be performed by 3 months
of age when there is a peak in FSH, LH, and sex steroids
[Bergman et al., 2011b]. Hypogonadotropic hypogonadism
can be missed, especially in girls without external hypoplastic
genitalia. Diagnosis is not possible during childhood due to
physiologically low levels of FSH, LH, and sex steroids. Anosmia has been shown to predict hypogonadotropic hypogonadism [Bergman et al., 2011a]. Diagnosis of hypogonadotropic
hypogonadism during infancy can prevent a delay in inducing
puberty with hormone replacement therapy later in life.
Cryptorchidism should be checked for and treated according
to general surgical guidelines.
A complete blood count, differential and extended electrolyte
panel should be completed, as lymphopenia and hypocalcemia
have been reported [Hsu et al., 2015]. The overlap in phenotype
of 22q11.2 deletion syndromes and CHARGE syndrome has led
to ongoing research into the immune function of these individuals [Corsten-Janssen et al., 2013b; Wong et al., 2015b].

Anticipatory guidance.
 Otoacoustic emissions and automated auditory brainstem response hearing tests should be arranged so that a cochlear
implant assessment can be completed early in childhood if it
is required. Hearing impaired individuals should have bilingual
early intervention with sign language and verbal language for
best language outcomes [Birman et al., 2015].
 When imaging is performed, it is important to take appropriate views to avoid repeat scans and sedation. Consider performing imaging to look for CNS malformations, hypoplasia
of the olfactory bulb and hypoplasia of the semicircular canals
[Verloes, 2005; Hsu et al., 2014]. A temporal bone CT scan to
look for middle ear landmarks and MRI parasagittal scanning
to look for hypoplasia of the auditory nerve should be performed prior to surgery for cochlear implants [Birman et al.,
2015].
 Families often experience significant stress in relation to the birth
of a medically complex child. Appropriate community or hospital-based resources and supports should be offered specific to
the needs of the family. For example, connection could be made
with the CHARGE Syndrome Foundation, website and social
media in order for parents to begin to build peer-support (http://
www.chargesyndrome.org).
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 Referrals to local deaf–blind resources as well as early intervention programs should be offered as a proactive step to maximize
abilities.

Health Supervision From 3 Years to 11 Years of
Age: Childhood
Important issues.
 An ENT consult for cochlear implant surgery should be considered before 3 years of age to maximize verbal language learning
abilities [Birman et al., 2015]. ENT may be involved for recurrent
otitis media and possible need for tympanostomy tubes.
 Annual hearing and vision checks are recommended.
 Physiotherapy and occupational therapy should be involved
early to help with mobility. Hypotonia and poor balance can
lead to a delay in progression of motor milestones [Brown, 2005;
Bergman et al., 2011b]. The wide reaching effects of poor balance
and sensory integration dysfunction are examined closely in
Brown’s 2005 paper [Brown, 2005].
 Monitor for scoliosis, which can occur as a neuromuscular result
of hypotonia [Brown, 2005].
 Communication skills should be supported with individualized
therapy [Bergman et al., 2011b]. The CHARGE Information
Pack for Practitioners discusses communication, delays, and
interventions [Rose and Haubrich, 2013]. Speech language
therapists should be involved as there are multiple obstacles
to clear articulation [Brown, 2005].
 An individualized education plan and deaf–blind consultants
may be needed for students to attend school successfully. Psychoeducational assessments by professionals who have an understanding of deaf-blindness should be obtained to examine
cognitive abilities and identify learning strengths and difficulties.
Some families find that access to technology such as tablets and
computers in the classroom are useful to support the learning
process.
 Feeding therapy interventions should be put in place for ongoing
issues like food pocketing in the cheeks, unusual chewing, and
abnormal swallowing patterns [Hudson et al., 2015, 2016].
Feeding often becomes one of the principal ongoing issues in
childhood. Gastroesophageal reflux and aspiration increases the
probability of ongoing feeding problems [Dobbelsteyn et al.,
2008]. Depending on the issue, feeding therapy interventions
may be provided by a multi-disciplinary team including a
gastroenterologist, an ENT surgeon, a nutritionist, occupational
therapy, or a speech-language pathologist [Dobbelsteyn et al.,
2008].
 Polyethylene glycol and senna glycoside may be necessary to treat
constipation. Ongoing research is indicating that these children
have poor gastrointestinal motility from abnormal innervation
of the gastrointestinal tract [Cloney et al., 2016]. In our experience, prokinetic agents like erythromycin or domperidone may
improve refractory gut motility issues.
 Growth parameters should continue to be assessed as poor
growth is prevalent for many individuals with CHARGE syndrome in the early years [Lalani et al., 1993; Bergman et al.,
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2011b]. This often occurs as a result of chronic illness and
difficulty feeding; however, growth hormone deficiency is associated with CHARGE syndrome. Conventional doses of growth
hormone improve growth velocity [Dorr et al., 2015]. Efficacy
and safety data is presented in D€
orr et al.’s paper [Dorr et al.,
2015].
Immunology should be consulted if there are recurrent infections so that immunodeficiency can be screened for with complete blood count and differential, immunoglobulin levels, B and
T cell numbers and subsets, and T cell function. The most
common recurring infections are otitis media and pneumonia
[Wong et al., 2015b]. Insufficient antibody titers after childhood
vaccinations have been described in a large proportion of
patients with CHARGE syndrome and studies are being conducted to investigate whether booster vaccinations should be
advised [Wong et al., 2015a]. Allergies and atopic features can
occur as in the typical pediatric population.
Symptoms of obstructive sleep apnea should be reviewed as this
condition is prevalent in CHARGE syndrome [Trider et al.,
2012]. Improvement has been noticed after tonsillectomy and/or
adenoidectomy, CPAP, or tracheostomy [Trider et al., 2012].
Difficulties with sleep can be associated with day-time behavioral
symptoms, so improving sleep may improve the quality of life for
the individual and family [Trider et al., 2012; Hartshorne et al.,
2009]. It is hypothesized that sleep difficulties may be related to
visual impairments from lack of visual cues and poor dark–light
contrast [Hartshorne et al., 2009]. Trialing melatonin (sustained
release) may help with initiating sleep.
Specialized childcare should be discussed, as it may be available
through integrated daycares that specialize in children with
developmental needs.
Adjunct therapies such as music or pet therapy may increase
success rates in attaining milestones, easing transition difficulties, and improving mood or behaviors [Gasalberti, 2006].
Families can be supported in trying to build a peer-support
network by connecting with other families via the CHARGE
Syndrome Facebook and other social media. Social networks can
be further developed locally with clubs or common interest
groups for children with special needs (for e.g., The Texas
CHARGERs [http://texaschargers.org/]).
The CHARGE syndrome non-verbal pain assessment is available
online at the CHARGE Syndrome Foundation website. Pain
assessment is challenging and often forgotten when assessing
behavioral problems. Dependent on the child, regular pain
assessments may be required.

Anticipatory guidance.
 It is important to discuss the potential for puberty delay and
possible growth problems with parents so that they are ready to
make treatment decisions once adolescence approaches. Endocrinology should be involved early, before the usual age of
puberty.
 Maximizing bone health by dietary and weight bearing exercises
is important.
 Transitions to school or other new settings should be put in place
early with proper adaptations and good communication
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established between the home, the school, and the multidisciplinary healthcare team.
 Families and professionals involved in the child’s care may wish
to attend a focused CHARGE syndrome and family conference
such as the International CHARGE Syndrome Conference. This
provides a great opportunity to join education sessions, receive
support from other families and for individuals with CHARGE
syndrome to socialize. Planning should start early so that funding can be obtained for attendance.

Health Supervision From 12 Years to 17 Years
of Age: Adolescence
Important issues.
 An electrocardiogram and Holter monitoring should be completed if there is a suspicion of an arrhythmia. These have been
reported in late childhood and adolescence [Searle et al., 2005].
 An annual assessment of puberty should occur because of
hypogonadtropic hypogonadism. Delayed puberty is highly
prevalent in CHARGE syndrome. For some individuals puberty
starts but then arrests. Endocrinology should be consulted early
to consider treatment with estrogen and testosterone [Hsu et al.,
2014].
 Bone health is often forgotten in this complex syndrome.
Hormone replacement therapy should be discussed early, especially in the cases of known hypogonadotropic hypogonadism.
This will promote improved bone mineralization and reduce the
risk of osteoporosis. Weight-bearing activities need to be encouraged for the same reason. Nutrition should be optimized to
prevent calcium or vitamin-D deficiencies contributing to poor
bone health. DEXA scans interpreted within the context of
CHARGE syndrome can be helpful to document any changes
in bone mineral density [Forward et al., 2007].
 Obesity has been observed to develop in the adolescent and adult
years, therefore, monitoring weight gain and BMI is important
[Blake et al., 2005; Forward et al., 2007]. Recreational therapists
or physiotherapists can help find exercises suitable for those with
hypotonia and poor balance due to their vestibular anomalies.
 Hypothyroidism is possible in CHARGE syndrome and should
be investigated for if clinical features are present [Hsu et al.,
2014].
 Reproductive health care concerns like risks and rights of
sexuality, sexual abuse or assault, and menstrual management
is an area of health often forgotten. A review of these issues in
adolescents with special needs is presented in Quint’s recent
paper [Quint, 2015].
 In the assessment of acute behavioral issues, unrecognized pain,
balance or equilibrium difficulties, communication barriers, and
sensory impairments (i.e., deterioration in vision and hearing)
need to be considered [Blake et al., 1998].
 Common chronic behavioral concerns or comorbid
mental health diagnosis are socializing difficulties, obsessivecompulsive disorder, anxiety disorder, tics/Tourette syndrome,
autism, attention deficit hyperactivity disorder, or pervasive
developmental disorder. Aggressive behavior and tactile defensiveness can occur [Blake et al., 1998; Hartshorne et al., 2016].
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 Sleep has been identified as the most prevalent issue affecting
quality of life in individuals with CHARGE syndrome
[Hartshorne et al., 2016]. Poor sleep was significantly correlated
with self-abuse, anxiety, and conduct problems. It is important
to consider treatments to improve sleep and to foster suitable
sleep hygiene habits.
Anticipatory guidance.
 As individuals move into adulthood, they should be allowed to
progress and manage their own self-care and medical care at a
level appropriate to their developmental and cognitive abilities.
Health care providers should encourage suitable progression of
independence in activities like counting out and taking their own
medications, calling in prescriptions, making appointments, and
progressing to seeing the healthcare provider independently
where appropriate.
 A multi-disciplinary team is required to support the development of life skills, social skills, and self-regulation to smooth the
transition into adulthood. Access to appropriate mental health
services is important, as a recent study indicates that individuals
with CHARGE syndrome have increased difficulties with mental
health due to troubles with relationships with friends and social
acceptance [Hartshorne et al., 2016].
 A transition plan to adult medicine should be developed during
early adolescence.

Health Supervision From 18 Years of Age and
Older: Adulthood
Important issues.
 Annual checks of hearing and vision remain important. Individuals with facial palsies are more susceptible to corneal abrasions. In patients with retinal colobomas, more regular eye
examinations are required to look for signs of retinal detachment. These diagnoses should also be considered in those
individuals presenting with behavioral outbursts.
 Physiotherapy and occupational therapy should continue to be
involved to provide help with hypotonia, as well as to improve
mobility and visuospatial coordination [Bergman et al., 2011b].
Individuals may have differing needs for adaptive devices as they
transition beyond the school system. Daily independent living
skills will vary by individual and keeping active will help prevent
obesity [Blake et al., 2005].
 Older individuals with CHARGE syndrome may wish to be
referred to a genetic counselor as they anticipate having children
of their own. There is a 50% chance of transmitting the CHD7
mutation to offspring [Bergman et al., 2011b]. Because of the large
intra-familial variability, the severity of CHARGE syndrome
occurring in offspring cannot be predicted [Bergman et al., 2011b].

CONCLUSION AND FUTURE DIRECTION
The CHARGE Syndrome Checklist reviews the most commonly
occurring issues requiring management in individuals with
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CHARGE syndrome, as well as the critical issues that can be missed
by the physician coordinating the care of these individuals throughout their life span. We anticipate that this structured approach will
prevent missed diagnoses and will allow for early interventions to
support the highest level of health, development, communication,
and independence for individuals with CHARGE syndrome. Family
members may also find this checklist useful to determine what issues
to expect at different life stages and to advocate for resources for their
children. In the future, this checklist could be expanded upon to
include additional clinical features and be available online with
embedded links to references and resources.
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