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CLINICAL REPORT

A case of migraine treatment in a patient with a clinical
diagnosis of CHARGE syndrome using onabotulinum toxin A
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Abstract
CHARGE syndrome is a genetic disorder that affects multiple organ and sensory systems. Cranial nerve involvement is one of the key clinical diagnostic criteria. We present the case of an 8-year-old girl with CHARGE syndrome, associated right-sided
facial palsy, and chronic severe migraines, that were intractable to medical treatment.
At age 6, onabotulinum toxin A was used to weaken the contralateral non-paralyzed
side of her face to address her stigmatizing asymmetry. Onabotulinum toxin A chemodenervation was performed on the left lower lip depressors to relax the muscles
and improve left lower lip position. Coincidentally, it was noted that with these treatments, migraine symptoms resolved. As the chemodenervation subsided over the
next 3–4 months, the severe migraines returned. Continued treatment with
onabotulinum toxin A injections every 3 months has resulted in ongoing improvements in facial symmetry and migraine control. Onabotulinum toxin A is a wellknown treatment of chronic migraine. Injections are usually directed to the
occipitalis, frontalis, and corrugator muscles. The literature has no reports of injections to the lower lip depressors as a useful therapy for migraine, making the results
from this case unique.
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I N T RO DU CT I O N

the stem cell identity of human neural progenitors (Chai et al., 2018).
As well, CHD7 is associated with the development of neural crest-

CHARGE syndrome is an acronym for the clinical constellation of find-

derived structures (Aramaki et al., 2007). Neural crest cells play an

ings of ocular Coloboma, Heart defects, choanal Atresia, Retardation

integral role coordinating the development of incredibly diverse struc-

of growth and/or development, Genitourinary malformation, and Ear

tures, including cranial nerve (CN) ganglia development from cranial

abnormalities (Pagon et al., 1981). Prevalent in approximately 1 in

neural crest cells (O'Rahilly & Muller, 2007). This embryologic disrup-

10,000–15,000 births (Issekutz et al., 2005; Janssen et al., 2012),

tion resulting from pathogenic CHD7 variants also best explains CN

CHARGE syndrome has historically been a clinically diagnosed syn-

dysfunction when it is present in CHARGE syndrome. (Adams

drome with major and minor criteria (Blake et al., 1998;

et al., 2007; Feng et al., 2017; Layman et al., 2009; Pauli et al., 2017).

Verloes, 2005). However, while not required for diagnosis, pathogenic

Notably, CN dysfunction is one of the key diagnostic indicators in

or likely pathogenic variants in the CHD7 gene on chromosome

CHARGE syndrome (Blake et al., 2008). CN dysfunction in CHARGE

8q12.1 are identified in more than 90% of individuals meeting diag-

can consist of motor deficits in any of CN I, V, VII, VIII, IX, and X,

nostic criteria, with most of these variants arising de novo (Janssen

which causes anosmia/hyposmia, facial palsy, sensory neural hearing

et al., 2012). CHD7 encodes for a chromatin remodeler and regulates

loss, and swallowing difficulties (Blake et al., 2008).
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Of the CNs associated with CHARGE syndrome, the trigeminal
nerve (CN V) is one that has also been studied in relation to the pathophysiology of migraine headaches. Abnormalities of CN V have long
been suspected to occur in CHARGE syndrome, with hypotheses of

T A B L E 1 A summary of the CHARGE syndrome major and minor
criteria present in this patient (diagnostic of CHARGE syndrome
according to the Verloes criteria)
Major criteria

associated migraine as well (Hartshorne et al., 2021). The etiology
of migraine headache is linked to several pathophysiologic mechanisms and involves complicated alterations in brainstem and vestibular
neural activity (Charles, 2018). CN V is frequently cited as having a
role in migraine pathophysiology, with the central sensitization of the
trigemino-cervical complex as a common theory. Migraine is a common headache disorder among the general population. It occurs with

Present in
patient

Coloboma (of iris, retina, choroid, disc;
microphthalmia)

No

Choanal atresia

No

Cranial nerve dysfunction

Yes

Characteristic ear abnormalities
Minor criteria

a frequency of 12% and has been identified as a leading cause of dis-

Yes
Present in
patient

ability worldwide (Charles, 2018; Migraine Facts. Migraine Research

Genital hypoplasia

Yes

Foundation, 2019). Due to its high incidence, and the number of con-

Developmental delay

No

founding variables, migraine headache is a condition that has not been

Cardiovascular malformations

No

previously investigated in CHARGE syndrome. That said, abdominal

Growth deficiency

Yes

migraine has been suggested as a common feature of CHARGE syn-

Orofacial cleft

No

drome and has been attributed to either visceral hypersensitivity or

Tracheoesophageal fistula

No

altered gut motility (Mani & Madani, 2018).

Characteristic face

Yes

Treatment of migraine has been a longstanding challenge, with
pharmacologic therapy often being an unreliable option for therapy. In
the past decade or so, the use of onabotulinum toxin type A (Botox®)
injection has been studied as an efficacious treatment for chronic

remains a possibility that further genetic testing could reveal an alter-

migraines (Lovell & Marmura, 2010). The proposed mechanism of

native diagnosis.

action is that onabotulinum toxin A acts to reduce the central sensiti-

Family history was unremarkable. The patient was born without

zation experienced in migraines, by impairing neurotransmitter and

complication weighing 3.3 kg. Her newborn screen identified no

neuropeptide exocytosis at the level of peripheral trigeminal nerve

abnormalities and she was discharged home 24 h after birth.

endings (Barbanti et al., 2015). When used for treatment, botulinum

During an admission at 9-months-of-age for gastroenteritis, the

toxin is typically injected to target the nerves involved in migraine and

admitting pediatrician noticed she had a simple, cupped right ear.

the location of the pain itself. Several methods have been described in

Upon further examination, she was noted to have incomplete opening

the literature for how best to target the nerves and muscles involved

and closure of her right eye, suggesting weakness of the facial nerve

in migraine pathology, including the anatomical regional targeted

(CN VII) (Figure 1). She demonstrated an asymmetrical tongue thrust

Botox® injection technique, and the Guyuron method. In all treat-

habit, which required intervention by the feeding team. From further

ments, injection locations depend on the individual patient's migraine
experience. These tend to be either frontal, temporal, or occipital
injection sites. Frontal sites are focused on the corrugator and
frontalis muscles. Temporal injection location surrounds the temporalis fascia. Occipital injection sites target the greater occipital nerve
where it exits the semispinalis capitis (Amirlak et al., 2017).
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CASE REPORT

We present the case of an 8-year-old female with a clinical diagnosis
of CHARGE syndrome. She has two major and three minor CHARGE
features, which fulfills the diagnosis of CHARGE syndrome according
to the Verloes diagnostic criteria (Table 1). She was referred to the
medical genetics service on a clinical basis at 17-months-old for testing of a possible CHD7 variant associated with CHARGE syndrome.
MLPA of the CHD7 gene identified a benign variant in intron
30 (c.6103+8C>T). Maternal testing was also performed, and the
patient's mother was found to have the same variant. Though she
meets clinical criteria for a diagnosis of CHARGE syndrome, there

F I G U R E 1 Demonstration of right-sided CN VII weakness during
facial animation (age 6 years). (a) right-sided loss of nasolabial fold,
inferior displacement of labial commissure, and increased scleral
show. (b) Weak orbicularis oculi preventing closure of right eye [Color
figure can be viewed at wileyonlinelibrary.com]
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history, her mother reported a problem of decreased sensation in her

depressors was performed to provide the patient with a more

right eye (e.g. not blinking or feeling when sand was thrown in her

symmetric smile, given that the facial asymmetry was stigmatizing and

eye) and a history of overstuffing her mouth. She also had generalized

distressing to her. The onabotulinum toxin A chemodenervation is a

weakness of the right side of her face affecting the lower two thirds

well-supported strategy to target the asymmetry associated with

of her face, with absence of elevation of the right oral commissure, as

facial nerve (CN VII) palsies. The injections were directed into the

well as an inability to retract and depress the left lower lip. As a result

non-paralyzed side of the face to reduce the unopposed pull of the lip

of this, she had an asymmetric smile. Her hearing was found to be

depressors and thereby produce symmetric lower lip position with

normal. An upper gastrointestinal series failed to demonstrate

smiling or laughing. The onabotulinum toxin A injections were per-

swallowing abnormalities. She had a normal renal ultrasound, MRI and

formed approximately every 3 months to maintain the symmetry of

echocardiogram.

the patient's smile. Coincidentally, this was noted to abolish the symp-

Physical examination revealed a rectangular shaped face, with a

toms of her migraines. In fact, if onabotulinum toxin A was not admin-

tall and somewhat prominent forehead. There was evidence of facial

istered within 3 months, the severe and disabling migraines returned.

asymmetry with her left cheek appearing higher than the right and

The injections have been performed regularly since age 6 until the

mild flattening of the right nasolabial fold. The right ear was cupped

present day and have consistently been an effective treatment for

and slightly protrusive. The left ear was normal in structure and posi-

both the facial palsy and for the migraines.

tion. She had a medial epicanthal fold on the right eye. She had normal
dental development for age and no orofacial cleft. Cardiovascular,
respiratory, and abdomen examination did not reveal any abnormalities. Examination of the genitalia revealed normal female features

3 | E D I T O R I A L P O L I C I ES A N D E T H I C A L
C O N S I DE R A T I O N S

with the exception a minor degree of labial fusion at the 6 o'clock
position. Musculoskeletal examination did not reveal hypermobile

This study was approved by the IWK ethics committee. Informed con-

joints. There was clinodactyly of the fifth digits bilaterally.

sent was obtained from the patient's family for use of the clinical

Early in her life, she was investigated for apparent pain insensitiv-

information and patient photograph.

ity. Examples included a fall from a stool that resulted in a cut on her
chin to which the patient was not aware. Also, the mother noted
her child would be able to grab muffins that were right out of the

4
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oven, without any display of concern for temperature. As well, she
would wipe her blanket on her right cornea and sclera in a habitual

Onabotulinum toxin A, as a muscle relaxant, is known to be an effec-

fashion. This behavior was linked to possibly diminished sensation in

tive treatment for several conditions, including both migraines and CN

the ophthalmic branch of CN V (V1). This led her mother to have her

VII palsies. For CN VII palsies, treatment can involve targeted injec-

wear clear safety glasses at all times for eye protection. This was for-

tions into non-paralyzed muscles of the face to improve facial symme-

mally tested by neurology with electrical-stimulus (shock) testing,

try, namely, in cases where patients develop synkinesis. For our

which demonstrated hypoalgesia in her hands. These instances were

patient, its use was directed toward balancing facial movement. For

more prominent in early childhood, she does continue to wear sun-

migraines, however, onabotulinum toxin A treatment typically consists

glasses and her family are more aware of the potential for irritants

of injections to the frontalis, corrugator, or occipitalis muscles. It is

and injury. Peripheral hypoalgesia has not been well described in the

rare or unheard of to inject the lower lip depressors to treat migraines.

CHARGE syndrome literature; however, families have described high

The unintended success of injections to this region improving the dis-

pain tolerance in their children who have CHARGE syndrome

abling features of these migraines therefore makes this case quite

(Hartshorne et al., 2011). This is an example of difficulty in testing in

unique. We speculate that by injecting the non-paralyzed side of the

children with CHARGE syndrome.

face, it is likely that this has allowed relaxation of otherwise overac-

By age six, the patient was experiencing severe and intractable
migraine headaches. These were occurring at least once per month,

tive muscles, reducing stimulation of the CNs in this area, thereby
reducing the central sensitization associated with migraine.

and were consistently associated with photophobia, phonophobia,

The trigeminal nerve (CN V) and the facial nerve (CN VII) are

nausea, and vomiting. She missed school every time she had a

closely related. Together, they are responsible for facial sensation and

migraine, and neither the patient nor her mother could identify any

movement. CN VII exhibits a complicated branching pattern, forming

triggers or alleviating factors. Each migraine lasted 2–3 h. She was

communications with several other CNs, and especially with CN V

referred to neurology for further assessment. The recommendation of

and its three divisions (Cobo et al., 2017). CN VII palsy (unilateral or

early ibuprofen for abortive therapy was given, but the patient began

bilateral) or facial asymmetry are present in up to 90% of individuals

asking for this on almost a daily basis, making it apparent that it was

with CHARGE syndrome, and this feature comprises one of the well-

not an ideal therapeutic strategy.

supported major clinical diagnostic criteria (Kosaki, 2011). We specu-

At the same time, the patient was being seen by plastic surgery,

late that the CN VII dysfunction associated with CHARGE syndrome

who performed a right otoplasty to correct a prominent ear. In addi-

and subsequent imbalance in facial movement may have led to com-

tion, onabotulinum toxin A chemodenervation to the left lower lip

pression or dysfunction of CN V branches triggering migraines. In a
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recently published long-term follow-up case study, migraine was asso-

conceived of the concept for this clinical report. All authors approved

ciated with an increased risk of developing Bell's palsy, which is an

of the final manuscript.

acute form of the CN VII palsy (Kim et al., 2019). This suggests some
form of relationship between the pathophysiologies of these two con-
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ditions and lends support for a similar mechanism being at play in this

Data sharing is not applicable to this article as no new data were cre-

patient. Furthermore, it is noteworthy in this case that the patient

ated or analyzed in this study.

demonstrated diminished pain and blinking responses in her right eye
from a very young age. In the eye, sensation is carried by the ophthal-
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https://orcid.org/0000-0001-5745-4474

patient in particular, this may reinforce the theory of involvement of
these two CNs in her pathophysiology.
The CHARGE syndrome population presents unique challenges
with regard to management, associated CN anomalies, and the concomitant under-reporting or under-investigation of “common” complaints like migraine headache. With CHARGE patients being so
complex, there are often a number of features that take precedence
over things like migraine in the context of medical management. It is
felt that drawing attention to these more common issues within the
CHARGE population is equally important both clinically and from a
quality-of-life perspective. This case provides insights into the interplay between uncommon and common features of CHARGE syndrome and how the appropriate management of one feature of the
condition can lead to unexpected benefits.
For patients like the one in the current case who experience CN
VII palsy with migraine, the restoration of facial symmetry provided
by onabotulinum toxin A injection may also provide the secondary
benefit of ameliorating migraines. As discussed, this is a known management strategy in CN VII palsy. Given the high incidence of facial
palsy and asymmetry in the CHARGE population, health care providers should be aware of the possible dual benefits of onabotulinum
toxin A. Furthermore, while CN VII palsy is a key feature of CHARGE,
it is also present in others as a single issue. Given the frequency of
migraines in the global population, it is likely that there is overlap
between people with CN VII palsy and migraine: both those with and
without CHARGE. This case report details a possible treatment strategy that could have significant quality of life implications for a larger
demographic.
Further investigation into the prevalence of migraine within the
CHARGE population, and more broadly, within the population of
those with CN VII palsy would be worthwhile. This could also lead to
expansion of the understanding of the role onabotulinum toxin A
injection can play into the management of both conditions.
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