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CHARGE CHECKLIST:
HEALTH SUPERVISION ACROSS THE

LIFESPAN

* Key assessment/reassessmen
points across the lifespan

e Supports all care providers to
manage patients with CHARGE

Syndrome

CHARGE SYNDROME CHECKLIST: HEALTH SUPERVISION ACROSS THE LIFESPAN

(FROM HEeAD TO TOE)

*Shaded boxes indicate key assessmen
INF

CHILDHOOD

(0-2 m‘ (3-11 m‘

ADULTHOOD

Clinical diagnoss (Blake et al. or Verfoes or Hale et al. criteria)

g Genetic testing - Genetics consult (CHD7 analysis, array CGH)

¥ [Goneiccovmaivg
NS malformations/ypoplasia olfactory buld/temporal bone (semi-circular |
canal) malformations - requires MAJ/CT i i

NevrowoGy

Selzures - more common at older ages - consider £EG

Cranial perve problems — monitor for absent sense of smell, facial nerve
Dalsy. sensorineural hearing o35, vertigo, swallowing problems.

Evis, Ears, NOSt AND ThmoaT

Coloboma, risk of retinal detachment - Ophthalmology consult (dilated eye
exam in infancy, vision assessments)

["Comeat exposure - lubricating cye drops

Photophobia — tinted glasses, sunhat

acheoesophageal fistula - ENT/PRstics consult

Choanal atresia/cleft patate/tr

Audiometry and tympancmetry, monor for recurrent ear infe

[ "Adaptive services for indiiduals with deafness/blindress
[ Cochiass implant assessmant If appicable
[ Obstructive sieep apnea - monitor for tonsil/adenoid hypertrophy
[ Excessive secretions - cosder Botox, medxation
Dental 55065 - ONIIer Geaning under anaesthetic

CARDIOLOGY
RESPROLOGY

Cardiac malformations common ~ major/minor defects, vascula ring or
|_arhythmias possible (echocardiogram, chest x.ray, ECG) - Cardiology consult
Sinusitis, pneumonia, asthma - monitor

Anesthesia risk (Gficult intubations/post-op dirway obstruction/aspiration)
extensive pre operative assessment, combine surgial procedures

GASTROENTEROLOGY
GENTOURINARY

Gastroesophageal reflux - Gastroenterology consult - consider motilty
agents with proton pump inhibitor

Poor suck/chew/swallow - feeding team assessment/ntervent

ASPIraTon fiSk, (racheoesophageal fstuld - swallowing Studies
May need supplemental feeds - frequently requires gastrostomy tube or

| gastroiejunostomy tube
tion - consider Senna ghyc

Consti

ide with polyethylene ghycol

Rensl anomalies - bdominal u/s /- VCUG, I0od pressure mentonng

ENDOCRINOLOGY

Hypogonadotropic hypogonadism - LH, FSH by 3 months
[ Genital hypoplasia (if undescended testes - consider orchidoplexy)
Dolayed puberty - EnGornology Consult - §onadotropin levels, HAT
[os osis — DEXA scan
[ Poor growth - Endocrinology conselt - GH stimulation test, G therapy
Obesity - moniter
[ Fentility and contraception - dscuss

Note presence of thymes at 0pen heart surgery

£ —_—
§ £ | Routine immunizations/aatibody teres to immunizations in adolescence
§ £ [Recurrent infections - mmunology consult
Scoliosis/kyphoss- monitee
5K !

| Mobiity (affected by ataxia, hypotonia) - evaluate

PSYOHOLOGY

-
S
i
z
e

Assess §1055 and fine motor skilks - Occupationa! Therapy, Physiotherapy
| Communication. language, writing abilities - Speech Language Therapy
Consider deal-bind co

sultant

Prepare for transitions to school, skuations, places, systems

[ Piychoeducational assessment, Indvidualized Educaten Plan

Sleep Esturbances - consider melatonin

Behavior management - self.regulation, impulse control, anxiety,
obsessons, compuisions. anger

[ Tolleting skills - support

Life skilis/adaptive behaviour/social skils/social play
Address sexuality

Family stress - offer supports and fesources

Medical sell-management - work on managing medications, understandng

conditons, seeng healthcare provider independently

Print out available from website: www.drkimblake.com

*Abbreviotions listed on page 2

Trider C, Arra-Robor A, von Ravenswealj-Arts €, Blake X



CHARGE Clinical Checklist: Gl

Gastroesophageal reflux — Gastroenterology consult = consider motility
agents with proton pump inhibitor
Poor suck/chew/swallow - feeding team assessment/intervention

Aspiration risk, tracheoesophageal fistula - swallowing studies

May need supplemental feeds — frequently requires gastrostomy tube or
gastrojejunostomy tube
Constipation = consider Senna glycoside with polyethylene glycol

Renal anomalies — abdominal u/s +/- VCUG, blood pressure monitoring
L ————ee

GASTROENTEROLOGY
GENITOURINARY




Gastrointestinal Issues in CHARGE Syndrome

The Gl tract goes from mouth to anus




The Upper Gl tract

Cranial nerve innervations and structural abnormalities are key issues

s

.y .

—
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Cranial facial abnormalities can interfere
with feeding particularly in infancy.

—~—a
Children with choanal atresia/stenosis / v ‘
have significantly more Gl symptoms i
them those without. -

-~

P

Excessive salivation secretion can be a
problem

Mouth over stuffing and pocketing is
prevalent.

'. - Print outs available from website: www.drkimblake.com Hudson et al 2016 AIMG




Gastroesophageal Reflux (GER) and tube
feeding

* Gastroesophageal Reflux is often
severe and difficult to treat.

e Tube feeding is highly prevalent and
maybe necessary for many years.

* Tube feed vs. Oral feeders have more:
e Stomach pain
e Discomfort when eating
* Food and drink limits
* Trouble swallowing
* Nausea and vomiting
* Constipation

Macdonald et al 2016 AJMG

“Motility issues” are a key problem.



Abdominal Pain

* Prevalent and difficult to
evaluate with the underlining
diagnosis often being missed.

e Digestion issues are clinically
present. However there has
been little research in this area.

e Anatomical structural issues
such as “late volvulus” can
OCCur.

“The gut is different in CHARGE syndrome because of

motility and microbiome abnormalities” Straton, Hartshorne 2012 CHARGE non-
verbal pain assessment (CNVPA)



GUT MICROBIOME

:
% SYNDROME
s FOUNDATION

A better world for people with

CHARGE syndrome
chargesyndrome.org

* Determine if there is a relationship
between gut microbiome and severity
of Gl symptoms in adolescents and
adults with CHARGE Syndrome

* Determine if there is a relationship
between gut microbiome and behavior
in adolescents and adults with CHARGE
syndrome




Gl Conditions that are missed and
need to be on the differential
diagnosis

Abdominal migraine

Pocketing/ Overstuffing

Late onset Volvulus

Dumping syndrome

Figure 10-3. A swallow prompt can

haln writh Aral fandinn ieQIIRS.



Abdominal migraine pamphlet

o Abdominal Migraine
Raising Awareness of P (Agy 1 Triggers Include
: . . . ominal Migraine is rarely Stress
Abdominal Mlgralne in suspected, leading to over Poor sleep

CHARGE Syndrome

investigation, misdiagnosis and

Missing a meal
Travel, motion sickness

ineffective treatment

A Pamphlet For Families
& Medical Professionals

Physicians must investigate for AM in
patients with CHARGE syndrome (CS)
when presented with symptoms below

Making a Diagnosis

e Adiary to track triggers

Sym ptoms in CHARGE e Radiological studies for slow gut
motility
syndrome +/- family history

e Dull ache/ soreness
e Loss of appetite
e Nausea and vomiting
e Pale appearance (pallor)
e Light, noise, temperature

sensitivity Prevention & Treatment
e Behaviour changes especially for

nonverbal individuals e Hydration therapy

o Lifestyle changes (sleep hygiene,
regular meals, prevention of
constipation)

2 2,22 . e Managing anxiety and stress

Risks In MISdlagnOSls . Improgvingg gut m)ilcrobiome (will be

Presumption of mental illness explored in further pamphlet)

leading to inappropriate drug e Abdominal massage to relieve pain

treatment e NSAIDs

Over investigation

Hospital admission

Rdsiance CHAR £

FOUNDATION CHARGE Syndrom e.V.

Dr. Kim Blake, Peds, MBBS, MRCP, FRCPC
Dr. Conny van Ravenswaaij, MD, PhD

www.drkimblake.com

Print out available from website: www.drkimblake.com




Abdominal migraine pamphlet

The Vagal Nerve Vagal & Enteric Nerve

Dysfunction
The vagus nerve (CN X) extends from vagal Nerve

the brain stem to the internal organs. r("/f\ ;
Dysfunction
5 }.f\\ 4 I

Itis responsible for the regulation of '( W\

digestion, heart and respiratory rate, <

as well as vasomotor activities. Abnormal
P Peristalsis

Animal studies have shown abnormal

gut motility in zebrafish models of Triggers ‘

CHARGE syndrome. e Stress Delayed Gut

e Poor Slee :

Zebrafish with chd7 mutations have e Missing a ?Aeal EmpEVing

fewer enteric and vagal nerve

innervations to the gut, resulting in ‘

abnormal peristalsis, dysregulated gut Increased

Fermentation

Gut Dysbiosis
(Abnormal Gut

contraction and delaying empyting.

Gut Dysbiosis

As a result of decreased intestinal

e e ? microbiome) ;
motility, individuals with CS can have é"H‘ARGE ‘ H A E
= 3 References:
an abnormal gut microbiome. V@l SYNDROME
N FOUNDATION CHARGE Syndrom e.V.

Cloney, K., et al. Etiology and functional validation
Treatments that increase gut motility of gastrointestinal motility dysfunction in a

may improve the gut microbiome. zebrafish model of CHARGE syndrome. FEBS 2018, www.drkimblake.com
285(11), pp.2125-2140.

See further website on gut motility on

CS (w _drkimblake.com) Blake, K.D. and Hudson, A.S. Gastrointestinal and

feeding difficulties in CHARGE syndrome: A review
from head-to-toe. AJMG 2017 Vol. 175

https://www.yalemedicine.org/conditions/abdomi
nal-migraine 5




Late Volvulus in CHARGE Syndrome

Patient story

* Chronic abdominal pain

* Thought to be secondary to
poor gut motility and
constipation

* Presented to ED with 2 days of
vomiting with bile present in
vomit; breath smelled of feces

* CT showed volvulus
 Surgery to manually rotate
* Pain resolved post-operatively

* There has been x2 recurrences
which settled conservatively

Bowel that has an
obstruction or volvulus

Normal Bowel Contraction

stomach

4

large
intestines

small
intestines

Image retrieved from: https://www.healthgrades.com/right-care/digestive-health/sigmoid-volvulus May 24, 2023



https://www.healthgrades.com/right-care/digestive-health/sigmoid-volvulus

Surgery recovery




Bowel Obstruction and Severe Constipation

Patient story

* Feeding and dysmotility issues since birth

First bowel obstruction at age 15

Over lifetime: multiple tests, CTs, surgeries to correct recurrent obstructions

Multiple medications, prokinetics, prebiotics, and stool softeners

Negative impact on quality of life, unable to leave house to attend work

Bowel rest and possibly the use of a bowel stimulator in the future



Cyclic Vomiting

Patient story

* Young girl experienced vomiting for 3-6 days at a time
* Abdominal pain in morning, unrelieved, then vomiting would start
e Family history of migraines

» Started keeping a diary and noting any event that preceded an episode of
vomiting

* Triggers identified: sleep dysregulation, stress, additives in food
* Management: modified diet, managing triggers, L-carnitine, Q-10

e Symptoms improved



Constipation

How many of you have problems with this?

H%

|
Prevention: Treatment:
* Fluids * Polyethylene glycol PEG
* Exercise MiraLAX/Ristorlax
* Behavioral therapy e Senocot/mobility issues
* Diet  Behavioral

* Massage techniques/massage



Constipation in CHARGE Syndrome

Prevalence and quality of life

1. New study in 2023 — Contact

* Dr. Kim Blake — kim.blake@dal.ca
 Angela Arra - angela.arra@iwk.nshealth.ca
* Annie Kakamousias —an834104@dal.ca

2. Developing a pamphlet for families and
professionals


mailto:kim.blake@dal.ca
mailto:angela.arra@iwk.nshealth.ca
mailto:an834104@dal.ca

Late Dumping Syndrome

17-year-old youth with CHARGE
syndrome

Reported feeling lightheaded, dizziness,
blurred vision with dark spots about an
hour after eating

Classic signs of late dumping syndrome
Caused by rapid emptying of stomach

Common in people who have had gastric
surgeries

Treatment: modification to how and what
you eat

Journal of Paechatres and

Child Health

Lettertothe Editor (O Free Access

Late Dumping Syndrome in a 17-Year-Old Female With Charge
Syndrome

Mr Angus Morgan, Ms Alexandra Hudson, Professor Angela Arra-Robar, Dr Kim Blake

shed: 04 December 2017 | https://doi.org/10.1111/jpc.13724



Etiology and functional validation of Gastrointestinal
motility dysfunction in a zebra fish model of CHARGE

syndrome

Loss of CHD7 in Zebrafish results in: Future:

* Smaller stomachs and Gl tracts with Zebrafish are an
normal epithelial and muscular excellent model
histology. for studying

e Decrease and disorganized vagal Fompounds that
nerve projections particularly in the Ir:\noec:ﬁ;/yeigl
fore gut.

5 individuals with

* Less ability to empty their Gl tract CHARGE
only minimally improved by pro syndrome.

kinetic agents.

Clooney et al FEEBS 285,11, 2018
Print out available from website: www.drkimblake.com




Innervation of the CHARGE Zebrafish (chd7)
and normal controls in the gut

5 dpf casper

Sdpf CHD7 MO

Foregut

Hindgut

e Decreased enteric nerve
branches around the fore gut
(Compare A & B)

* Difference in size and shape of
the gut in the CHARGE fish.

Sp = spine, F = ventral fin, V =
vent, G = gut (outlined in hashed

line), arrow = vagal nerve plexus, y
= yolk

Clooney et al FEEBS 285,11, 2018



Decreased motility shown in CHARGE
zebrafish by delayed emptying of Gl tract

Brightfield + GF+ Ohr GF+ 6hr GF+ 24hr GF+

*Florescent green = tagged food travel. Gl tract of zebra fish over time

—

.
2

e
e
-

Standard

chd7 morphant




CHARGE
SYNDROME

SECOND EDITION

TIMOTHY S. HARTSHORNE
MARGARET A. HEFNER
KIM D. BLAKE

Mot W Lk Wk

Knowledge Translation

International Collaboration is a key to
success in a rare condition

 www.drkimblake.com A repository of Dr. Blake’s research

* CHARGE Syndrome textbook, 2nd Edition

* International Education: MOOC (Massive Open Online
Courses) via CHARGE Australasia Foundation-FREE- open to
providers, learners, patients and families
https://www.chargesyndrome.org.au/onlinecourse

* The Atlantic Canada CHARGE Group—Provides one-time
consultations, problem solving and support as individuals and
families grow up with CHARGE Syndrome


http://www.drkimblake.com/
https://www.chargesyndrome.org.au/onlinecourse

Questions and Answers

Thank you! From My family to your family



