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Learning objectives

* To leave you more knowledgeable and inspire you to ask questions
about the forgotten gastrointestinal (Gl) issues in CHARGE syndrome.

e To share with you and your family the CHARGE syndrome checklist
(Trider et al 2017) and the feeding assessment scale (Hudson et al).

* To be an advocate for the CHARGE “gut” and move the research
forward in gut motility and the microbiome.

http://www.drkimblake.com
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The gut is different in CHARGE syndrome

Gastrointestinal (Gl) issues arise from
e Structural abnormalities

* Motility impairment

* Sensory impairment

These are all potential targets for treatment



Gastrointestinal and feeding difficulties in

CHARGE syndrome: A review from head-to-toe
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Am J Med Genet. 2017;1-11
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The upper Gl tract

Cranial nerve innervations and structural
abnormalities are key issues

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

 Children with choanal atresia/
stenosis have significantly more Gl
symptoms then those without.#

 Excessive salivation secretion can
be a problem

e Mouth over stuffing and pocketing
is prevalent.*

#Macdonald et al 2016 AIMG

: *Hudson et al 2016 AJMG
http://www.drkimblake.com



Gastroesophageal Reflux (GER) and tube feeding

“Motility issues” are a key problem.

Gastroesophageal Reflux is often severe
and difficult to treat.
Tube feeding is highly prevalent and can
be protracted
Tube feeds vs. oral feeders have more

- Stomach pain

- Discomfort when eating

- Food and drink limits

- Trouble swallowing

- Nausea and vomiting

- Constipation

Macdonald et al 2016 AJMG



Abdominal Pain

Prevalent and difficult to assess and
the underlining diagnosis is often
missed.

Digestion issues are clinically
present. There has been very little
research in this area.

“The gut is different in CHARGE syndrome” Hartsthorn and Straton,
Research on pain scale



Constipation

How many of you have problems with this?

%t

| -
Prevention: Treatment:
* Fluids e Polyethylene glycol /
 Exercise MiraLAX

Behavioral therapy
Diet
Massage

PEG

Senocot (motility agents)
Behavioral techniques



Risk factors for poor bone health in adolescents
and adults with CHARGE syndrome.

Key Findings s
e 87% of individuals are not :
getting enough vitamin D

* 41% not getting enough

calcium

Recommendations:

* Increase in the amount of
calcium and vitamin D

* Replace sex hormones.

* Increase in weight bearing
activity -

e #1000iuVitD Forward 2007 AIMG

&



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

Journal of Paeciatrics and _ W

Child Health

Letter to the Editor & Free Access

Abdominal colic

Pocketing/Overstuffi , | ,
Late Dumping Syndrome in a 17-Year-Old Female With Charge

N
& Syndrome
Gall stones
DU m plng Syn d rome Mr Angus Morgan, Ms Alexandra Hudson, Professor Angela Arra-Robar, Dr Kim Blake
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I ] []
CHARGE SYNDROME CHECKLIST: HEALTH SUPERVISION ACROSS THE LIFESPAN IW K CI Il \I {G E C I I l IC

(FROM HEAD TO TOE)
*Shoded boxes indicote key assessment points
INFANCY CHILDHOOD ADOLESCENCE | ADULTHOOD

[ ]
(0:2 vears) (3:11 vears) (12:17 years] {18+ yeors)
— —
Clinical dizencsis {Blake et 3l or Verloes or Hale et al. criteria)
Genetc testing — Genetics consult (LHU/ analysis, array UsH)

Genetic counzelling

CNS malfarmations/hypoplasia nlf:nt? bulb/temporal bone (semicircular
canal] malfarmations — requires M

Jeizures — More COMMOon at oider ages — consider tEG

[ ]
Cranial nerve problems — moniteor for absent sense of smell, facial nerve
palsy, zenzarineural he-arirt lo; ‘ertc_v. zwallowing problems
C rizk of retinal £ Ogk zy conzult [dilated eys
exam in infancy, visicn aszessments)

Lomeal exposure — lubrncating eye drops
Fhotophobia — tinted giasses, sunhat

LChoanal stresia/clert palate/trachecesophazeal tistula £ ENI/Plastics consut [ ]
Audiometry 3nd tympanometry, MONILor for recurrent ear infections

Adaptive senvices tor inaniduals with deatness/blindness

Lochlear implant 353 R

Ubstructive sieep apnea — monitor tor tonsil/adenoid fypertrophy
Excessre secretions — conzider botox, medicaton
Dentsl izzsues — consider cleaning under anaesthetic

Neurowosy Is!NlTlS

Eves, Eans, NoSE AND THROAT

Cardiac malformations common — major/minor defects, vascular ring
arrhythmias pozsible {echocardiogram, chest x-ray, ECG) E C:rd-olog( :on_un

SINURtIS, pReUMonia, 35thma & monitor
Anesthesia rizk (difficult intubations/pestop airway abstruction/aspiration)
— extenzive preoperative assessment, combine surgical procedures

CARDIOLOGY
RESPROLOGY

Gastroesophageal reflux — Gastroenterology consult — conzider metility

2 agents with proton pump inhibitor
g E Faoor suck/chew/swallow t feeding team assessment/intervention
sz risk, tr nztula — stuches
E § Mazy need supplemental feeds — frequently requires gastrostomy tube or
= = | Gastro-ieiunoztomy tube
é © | Censtipstion — conzider Senna givcozide with polvethylene siveol
Renal anomalies — abdominal u/s =/E VCUG, blcod pressure monitoring
Hyoozonadotropic hvpogonadism — LH, FSH by 3 months
- Genital t ur testes £ consicer orchidoplexvl
é Delayed puberty — Endocnnology consult £ 2onadotropin levels, M|
; Usteoporosis — UCXA scan
S [[roor zrowtn —tndocnnolosy consult -ttt stimulation test, M theraoy
5 [ uzestvimoaner
Fertility and contraception E dizcuss
M Note presence of thymus at open heart surzery
% 2| Koutie tres to immus n
: % | Recurent infections — Immunolozy consult
Scoliosiz/kyphosiz monitor -
MSK

Moability (affected by ataxiz. hypotonial £ evaluste
Assess zrozs and fine motor skills — Occupational Therapy, Physictherapy
Lommunicaton, languaze, writing abilities — Speech Language | heraoy
Lonsicer deatbhind consultant

Prepare tor tranzitions to school, stuations, places, sygpems
Fiychoedudational assessment, Indndualced tducation Flan

Sleep disturbances — consider J

Behavior management — zelf regulation, impulse control, anxiety,
obseszions, compulsions, anger

| olleting siilis & support

Lite skills/3dapbve behawvour/s003l skills/social play
Acdress zexuality

Family stress — ofter supports 3nd resources

Psrcrotosy
DeveLerm EnTAL

Mednc:l self-management — work on managing medications, understanding
ions, seeing provider indep ty

*Abbreviations listed on page 2 Trider C, Arra6Robar A, van Rovenswagij6Arts C, Bloke K
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A feeding scale for CHARGE syndrome

Date: He/she has difficulty moving food around with his'her 0

Name of Individual: 16 tongue during cating. 1 2 3 4

Age: Gender (Circle one):  Male Female Not Disclosed

Completed By (Circle one): Mother Father Feeding Therapist Nurse/Physician Other: 17 | Hefsbe has a hard time fecling food or anything touching 0 1 2 3 s
the inside of his/her mouth.

What p age of your child/adult’s daily fluid/nutrition intake is by G/J tube feeding? (Circle one p ag

[ 0% I 25% l 0% I 75% 1 95% 18 | He/she dislikes oral eating. 0 1 2 3 4

19 He/she lets food sit in his/ber cheeks or palate during 0 1 2 3 P
eating (on purpose or not).

He/she will have food hidden in hisher cheeks or palate

1 | He/she will refuse food when eating orally. 0 1 2 3 4 20 | oor the meal has cadod (on purpose of not). 0 1 2 3 4
The Parent/Caregive; orried about their

2 | He/she takes longer than 45 minutes to eat orally. 0 1 2 3 4 21 | childiadulr's bidly o e oumlly, 0 1 2 3 B
Th.: Parent/Caregiver has difficultics feeding their

3 | He/she takes less than 1S minutes to eat orally. 0 1 2 3 4 22 | Child/adult. 0 1 2 3 4

(e.g. preparing food the right way, getting enough
information about belping them eat/'drink

4 | He/she needs close supervision when eating orally. 0 1 2 3 kK
5 | He/she needs someone in the room when eating orally. 0 1 2 3 4 23 | Cold foods 0 1
6 | He/she has problems cutting food when eating orally. 0 1 2 3 K 24 | Room temperature foods 0 1
7 | 1e/she has problems feeding himvherself when eating 0 1 2 3 4 25 | Warm foods 0 1
orally.
8 | He/she chokes or coughs when eating orally. 0 1 2 3 4 26 | Thin liquids (e.g. water) 0 1
9 | He/she has trouble chewing food. 0 1 2 3 4 27 | Pureed foods (c.g. applesauce) o 2
28 Mashed lumpy food (e g. mashed potatoes or mashed 0 2
10 | He/she has trouble swallowing food. 0 1 2 3 4 vegetables)
29 | Soft chewable foods (¢.g. bread, crackers) o 2
11 | He/she has to be told or reminded to chew. 0 1 2 3 4
30 | Tough chewable foods (e.g. meat) o 1
12 | He/she has to be told or reminded o swallow. 0 1 2 3 4
13 | Helshe does not like to mix food textures when cating G y ik 5 Z S1 | Hard vegatables and frukk (0.8, raw apples) ° 1
(e.g. mixing puree and solid food).
14 He/she accidentally loses food out of his/her mouth 0 1 2 3 .
during eating.
He/she will ff his/her th with food duri 0-25
over-stuf mouth wi ng Mild points)
15 | cating. 0 1 2 3 4 Circle one: Moderate (3659 petts)




Scoring of

feeding scale for

CHARGE
syndrome

http://www.drkimblake.com

29 | Soft chewable foods (e.g. bread, crackers)

Circle one number on the scale: Never A Little | Sometimes [ A lot Always

16 He/she has difficulty moving food around with 0 1 2 3 4
his/her tongue during eating.

17 He/she has a hard time feeling food or anything 0 1 2 3 4
touching the inside of his/her mouth.

18 | He/she dislikes oral eating. 0 1 2 3 4
He/she lets food sit in his/her cheeks or palate

19 duri - 0 1 2 3 4

uring eating (on purpose or not).

20 He/she will have food hidden in his/her cheeks or 0 1 2 3 4

palate after the meal has ended (on purpose or not).

30 | Tough chewable foods (e.g. meat)

31 | Hard vegetables and fruit (e.g. raw apples)

Subsection of

Feeding Scale

0

o

Total Score (sum of all items)

/100 total points

Out of 100 points
Higher score = worse feeding difficulties



The feeding scale for
CHARGE Syndrome; used to

1. Assess the severity of feeding

difficulties

2. Track oral feeding progress

before and after interventions

3. Warn the clinician and feeding

therapist of new concerns




Etiology and functional
validation of Gastrointestinal

motility dysfunction in a zebra
fish model of CHARGE syndrome

Loss of chd7 in zebrafish results in:

* Smaller stomachs and Gl tracts with normal
epithelial and muscular histology.

* Decrease and disorganized vagal nerve projections
particularly in the fore gut.

* Less ability to empty their Gl tract only minimally
improved by pro kinetic agents.

Future

Zebrafish are an
excellent model for
studying compounds
that improve Gl
motility in individuals
with CHARGE

syndrome.

International Journal of Pediatric
Otorhinolaryngology V82, March
2016, pgs. 107-115

Clooney et al FEEBS
285,11, 2018




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

Foregut

Hindgut

* 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

International Journal of Pediatric

Otorhinolaryngology V82, March
2016, pgs. 107-115



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

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

Standard

chd7 morphant

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



Microbiome
Background Gut dysbiosis

Typical microbiome contains:

- Firmicutes -
Actinobacteria

- Bacteroidetes
- Proteobacteria

When these change in type
or number and cause Gl
distress = dysbiosis

e Food travels from mouth to
anus through the
gastrointestinal tract (Gl
tract)

e Food is digested and
excreted along the way by
chemicals and precise
movements in the Gl tract

BUT... there are also trillions
of bacteria and other ..,JMMW

Gut dysbiosis is associated
with Gl disorders and extra-
intestinal disorders:

organismshthaltr:\elp keep our Age - Crohn’s/Colitis
guts healthy = GUT - Irritable bowel
MICROBIOME syndrome
xercise - Obesity
- Autism

Etc....



Research Question

1) Does the gut microbiome differ
in individuals with CHARGE
syndrome compared to individuals
who are not affected with CHARGE?

2) If so, does the change in gut
microbiome correlate with the
severity of Gl symptoms?

3) And does the CHARGE gut
microbiome correlate with dletary

factors? v ”;ir

7’

5\

Emily Chedrawe Research Student Dalhousie University

Study Design

Participants: Individuals with CHARGE

syndrome from the Canadian
Maritimes and if possible, their sibling
who is unaffected by CHARGE

- 7 individuals with CHARGE
(proband)

- 4 sibling controls (subject)

Each participant provided:

- a stool sample
- a Block Food Screener

- a PedsQL Gl symptom severity
guestionnaire



Provisional Results
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Figure 1: Average relative w

abundance of bacteria
phyla found in the gut
microbiome of individuals
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Comparing one sibling pair with different Gl scores
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The sibling with CHARGE had moderate feeding difficulties according to PASSFP; the control sibling had no feeding difficulties



Comparing one sibling pair with similar Gl scores
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Discussion and Conclusion

* The CHARGE microbiome is different in our provisional results

* Trend: * Bacteroidetes |, Firmicutes and {, diversity

* Bacteroidetes are important for maintaining a healthy gut, regulating the
immune system and the gut-brain axis

* Firmicutes ferment carbohydrates in the gut. Decrease also seen in IBD.

* Decreased diversity is also seen in IBD, IBS, obesity and autism and is related
to increased susceptibility to diseases

* Next steps: increase study population, compare microbiome
according to feeding types and specific Gl symptoms, use software to
assess functional impact of the altered bacteria



Novel Therapies for dysbiosis:
Fecal Transplantation

* Stool from a healthy donor = screening = transplant to patient
 Some formulas are being made in labs instead of needing donor
* Transplant can be per rectum or orally

* Found effective in C. difficile infection and IBD

* Risks include transmission of infection missed during screening and
risks associated with colonoscopy



Questions and Answers




