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mutation—seen in the Ophthalmology department of Cincinnati Children's Hospital
Medical Center between January 1, 2008 through September 25, 2018. Criteria for
inclusion in this study was absence of any form of a coloboma in either eye. In our
cohort, all patients had a positive CHD7 mutation, in addition to a clinical diagnosis.
19.4% (13/67) of CHARGE patients did not have a coloboma in either eye. 69.2%
(9/13) had strabismus, 76.9% (10/13) had a refractive error that warranted refractive
correction, 23.1% (3/13) had amblyopia, 38.5% (5/13) had nasolacrimal duct obstruc-
tion, 30.8% (4/13) had dry eye syndrome and exposure keratopathy, 15.4% (2/13)
had ptosis, 15.4% (2/13) had blepharitis, 15.4% (2/13) had Cortical Visual Impair-
ment, 7.7% (1/13) of patients had optic nerve drusen, 7.7% (1/13) had Marcus Gunn
Jaw Winking, and 7.7% (1/13) with an eyelid nevus. There are numerous ophthalmic
findings in individuals with CHARGE Syndrome without colobomas. No study to date
has evaluated the ophthalmic findings in CHD7 positive CHARGE patients without
colobomas. These findings need to be assessed and treated to ensure optimal vision
in the CHARGE patient population. Absence of coloboma does not rule out a diagno-
sis of CHARGE syndrome, and if there is a clinical suspicion, clinical confirmation

then genetic testing would be warranted.
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1 | INTRODUCTION

nerve involvement (often affecting multiple cranial nerves), and hypo-

plastic semi-circular canals (Blake et al., 1998; Verloes, 2005). Minor

CHARGE syndrome (OMIM 214800) is a phenotypically heterogenous
autosomal dominant syndrome (Jongmans et al., 2006). Mutations in
the chromodomain (chromatin organization modifier) helicase DNA-
binding 7 (CHD7) gene have been identified in up to 90% of patients
with CHARGE syndrome and was used as primary inclusion criteria
for this study (Mahdi & Whitehead, 2018; Mehr, Hsu, &
Campbell, 2017). Major and minor criteria for CHARGE syndrome
diagnoses were first established in 1998, and were further modified
again in 2005 (Blake et al., 1998; Verloes, 2005). Major criteria for
CHARGE diagnosis include: coloboma, atresia of choanae, cranial

characteristics, that occur less frequently, include heart defects, geni-
tal hypoplasia, orofacial clefting, tracheoesophageal fistula, short stat-
ure, and developmental delay (Blake et al., 1998; Verloes, 2005). In
2016, the criteria were revised by Hale et al., to broaden the major
features associated with CHARGE, and to include pathologic CHD7
variant as a major criterion (Hale, Niederriter, Green, & Martin, 2016).

The CHARGE acronym—coloboma, heart defects, choanal atresia,
retarded growth and development, genital abnormalities and ear
anomalies (Hall, 1979; Hittner, Hirsch, Kreh, & Rudolph, 1979; Pagon,
Graham Jr, Zonana, & Yong, 1981), emphasizes the Coloboma as the
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ophthalmic finding. Coloboma is a major criterion for diagnosis of
CHARGE syndrome (Blake et al, 1998; Hale et al, 2016;
Verloes, 2005). Previously reported ophthalmic findings in CHARGE
have reported high rates of colobomas, 70-92% (Chestler &
France, 1988; Nishina et al., 2012; Russell-Eggitt, Blake, Taylor, &
Wyse, 1990; Zentner, Layman, Martin, & Scacheri, 2010). These stud-
ies have also reported other ophthalmic findings in patients with
CHARGE Syndrome. However, to date, there are no reports of oph-
thalmic findings in CHARGE individuals without colobomas. In addi-
tion, there are no dedicated studies of ophthalmic findings, in patients
who have a clinical diagnosis and a molecular confirmation of CHD7
mutation, with no colobomas that have been reported. This article will
discuss the ophthalmic findings in our cohort of patients with clinical
diagnosis of CHARGE syndrome, who have confirmed CHD7 muta-

tion, and no colobomas.

2 | METHODS

This study was approved by the Institutional Review Board of Cincin-
nati Children's Hospital Medical Center (CCHMC). A retrospective
analysis was completed of all patients diagnosed with CHARGE syn-
drome with a confirmed CHD7 positive genetic testing that were seen
by the CCHMC Division of Ophthalmology from January 1, 2008
through September 25, 2018. All individuals fulfilled clinical diagnostic
criteria for CHARGE syndrome (Blake et al., 1998; Hale et al., 2016;
Verloes, 2005). All these criteria were met prior to enrollment: geneti-
cally confirmed diagnosis of CHARGE syndrome, at least one ophthal-
mology encounter at CCHMC, and genetics records confirming
diagnosis available in electronic medical record.

The following patient information was obtained by chart
review: date of birth, race, ethnicity, zip code, sex and CHD7
genetic testing results, including specific mutation information,
where available. All ophthalmology encounter information was col-
lected, including but not limited to: date of service, attending oph-
thalmologist, encounter type (Exam Under Anesthesia, Inpatient or
Outpatient), payor type, visual acuity, pupil assessment, extraocular
movement, tonometry, visual field (confrontational and automated,
where applicable), automated imaging (OCT and RetCam if avail-
able), color vision, stereoacuity, strabismus exam, slit lamp exam,
fundus exam, contrast sensitivity, refraction and final prescription,
if indicated.

3 | RESULTS

In our cohort, 67 individuals with CHD7 mutation confirmed CHARGE
were identified, 13 (19.4%) of these individuals presented without any
colobomas and were analyzed in this study. The median age of indi-
viduals in our cohort was 7 years (range, one to 18 years), with
11 males and 2 females. Table 1 summarizes all the ophthalmic find-

ings and pertinent ophthalmic clinical findings.

Visual acuity was obtained in all of the patients, binocular Tellar
Acuity© was obtained in two pre-verbal patients (patients 2 and 8),
one older non-verbal child (patient 13), and induced tropia testing
only was performed in an older non-verbal child (patient 1) with
known significant neurodevelopmental delays. A recognition acuity
was obtained for the other patients, 69.2% (9/13), using age appro-
priate optotypes, and is documented in Table 1. Where monocular
acuity testing was not tolerated/unable to be obtained, binocular
acuity was obtained and induced tropia testing was performed to
evaluate the monocular vision. Eight out of nine of the patients that
were able to perform recognition vision acuity had vision better than
20/40, which is the threshold for mild vision impairment as defined
by the World Health Organization (2019). It is also important to note
that the patient without 20/40 or better was age three at the time
of this visit, this was the first recognition acuity ever provided by
this patient, and 20/40 is within the normal parameters for visual
acuity for a child of this age. With time, there is a possibility of
gaining improvement in his vision. Significant refractive errors were
the most common finding in this cohort, with 76.9% (10/13) requir-
ing spectacles to correct significant amounts of myopia, hyperopia
and astigmatism, with 46.2% (6/13) demonstrating anisometropia.
All visual acuity data, refractions, and refractive correction prescrip-
tions were based on standard of care and age-adjusted for each
patient. Horizontal strabismus was more common than vertical stra-
bismus in this cohort of patients and was the second most common
findings in this cohort 69.2% (9/13).

A visual field defect was found in one patient, this was secondary
to Cortical Visual Impairment (CVI). With treatment of the underlying
epileptic disorder and appropriate therapies for the CVI, the visual
field defect, which following treatment was consistent with neglect,
clinically resolved.

In Table 2, the systemic findings for CHARGE syndrome for each
patient are documented, and using the diagnostic criteria set by Blake
and Verloes (Blake et al., 1998; Blake & Prasad, 2006; Verloes, 2005).
The frequency of these systemic findings documented in Table 2, and
previously documented findings in CHD7+ positive patients as docu-
mented by Hale et al. (2016) who summarized frequency data from
three other studies, are also documented. Lalani, Hefner, et al. (2006);
Lalani, Safiullah, et al. (2006) also use the diagnostic criteria to deter-
mine, based on clinical findings, if the CHARGE diagnosis is definite or
probable/possible. Our cohort of patients were categorized using

these parameters, as well in Table 2.

4 | DISCUSSION

Based on our literature review, this is the first cohort of patients with
clinically diagnosed and genetically confirmed CHARGE syndrome,
who are without colobomas, to have their ophthalmic findings
reported. In 2006, Lalani et al., reported on findings in CHARGE
patients with and without CHD7 mutation. In their cohort, they found
that 11% (7/62 patients) of their CHD7 positive patients did not have



(ssnunuo))

%LL"

T

SNASN PplI9AT

%LLT
Asjed
EINENN]
Jeide4

%L LT
NuIm

mel uung
snaJep

elsaie
jenyound ‘(+)

esoydida ‘(+)

eisalje
lenjound ‘(+)

%S'8€ ‘S
(0QIN)
uoidnisqo
1np
|ewiLidejoseN

%¥'ST T

s1s03d

%LL'T
uasnug

J1WsIqes]s (+)

aAIORIY (+)

uoneAldaq
(+)

%TET'E
adA)
‘eidoAjquiy

- +
- +
- +
- +
- +
+ +
%Y'ST T %6'9L ‘0T
(IAD) 3uswuredw) uoI329.4400
|ensiA [e21340D 10413 dANDRI)DI
pajueLiepy
e1d0J)0Xd JUSIWIRIU] (+) -
e1d0J10Xd JUSIWIRIU] (+) -
eidosuadAH
Yo7 ‘eidosjox3 {(+) -
eloydos3 (+) -
UOI12BISN0
anbi|qo Jouaju|
‘(anq) uoneinsp
|B211I9A pa3eIdossiq
‘e1doJjoxa 9AIIN2SUOD) (+) -
e1d0.30Xo JUSINWIRY| i(+) -
eidoJjosa
SAI}BPOWWIONDY (+) -
euoydox3 (+) +
e1d0J10sa Sujeula)y (+) -
%C 69 ‘6 %LL‘T
adA) 193)9Q
‘snwisiqens pIRld
|ensIA

%T 9P

4

9

eidosjawosiuy

SO
INSD ‘A0 NSD
‘NO 0L¥7/0C DVL

ao
0€/0Z ‘a0 0£/0T

SO
007/0Z ‘dO S¢/0T

SO
02/0Z ‘a0 02/02

SO
§¢/0T ‘d0 sz/0T

Ne]
INSD ‘A0 NSD
‘N0 ¥6/0T JVL

SO
§¢/0Z ‘do S¢/0T

SO
0¢/0Z ‘a0 S¢/02

SO
0¢/0Z ‘a0 0S/02

SO
0¢2/0Z ‘a0 02/0¢

SO NSD ‘a0
WSD ‘NO 0£/02

SO
INSD ‘A0 NSD
‘NO 0ET/0Z VL

SO
WNSD ‘a0 WNSD

VN

L3duessiq
38 AYnoy [ensip

%00T ‘€T

Aejop
|eauswdoj@nag

wsijewssy ‘eldosadAH
wsijewsnsy ‘eldoAn i(+)
wsijewssy ‘eldoA i(+)

wsijewsdiysy ‘eldoA i(+) +
wsiewsnsy ‘eidosadAH i(+) -
wsipews sy ‘eldoA i(+) -
wsijewsnsy ‘eldossdAH i(+) -
wsiyewsnsy ‘eidossdAH i(+) -
wsijewsnsy
‘eidosadAH ‘eldoAln (+) -
(%00T1) €1 %Y'ST ‘T
adAy ‘oud snueydalg
ETVIRIITEN|

- dlqejleA. 10N (+)  SUYM
- dlqejleA. JON (+)  SUUYM
+ 1<VSZEE(+)  UYM
+ 1<VSZEE(+)  AUYM
+ 1<VGZEE(+)  SNYM

9|qejleAe jou

s|ie3ap Jayny

‘uonalep
- SUUM
= 3|ge|ieAe JoN (+) SUYM
- D<VZ80ED:(+)  SUYM
= 1<D65692:(+)  SUUM

1<9
- T+POVSI:(+)  SHUM
- 1<D €T0S2:(+)  SUYM
- LI9P£9082 {(+)  3HYM
- 9|qe|ieAB ION (+)  SHYM
%1'ET ‘C %001 ‘€T VN
Suqis juelieA 208y

/juased o1uasoyjed
anisod *LAHD
LAHD

Sewoqo|0d INOYHM HoYyod JDYYHD 4no ui sSuipuy djwjeyiydo

- +
+ +
+ -
uolseige [eaulod ‘(+) +
%8°0€ v %LET '
Ayjedojessy sowjeyyydoSeq
ainsodx3
pue aA3 Auq
oluedsiH
-UoN L W €7
oluedsiH
-UoN 91 El cl
oluedsiH
-UoN [4% W 125
oluedsiH
-UoN o1 W o1
oluedsiH
-UoN L W 6
oluedsiHy
-UoN 4 W 8
oluedsiH
-UoN 91 2l L
oluedsiH
-UoN 9 W 9
oluedsiH
-UoN 14 W S
oluedsiH
-UoN 8T W 4
oluedsiH
-UoN € W €
oluedsiH
-UoN T 3 4
oluedsiH
-UoN [4% W T
pajaye
Juadsad
VN  UN (W) %98 TT ‘JaquinN
Apluypg 88y X3S usned
T 31avl



(Continued)

TABLE 1

Marcus

Warranted

Dry Eye and
Exposure

Gunn jaw
wink

Cortical Visual

refractive error
correction

Refractive

Eyelid Nevus

Drusen

Impairment (CVI)

Anisometropia

error; type

Blepharitis

Keratopathy

Lagophthalmos

(+); Astigmatism

(+) Myopia, Hyperopia, Astigmatism

(+); Hyperopia

+

(+); Hyperopia, Astigmatism

(-) absent

(+) present

Distance acuity documented, except where indicated.

colobomas, however, their study does not discuss other ophthalmic
findings in this population.

Coloboma is typically the ophthalmic findings that is associated
with CHARGE. Other findings may be overlooked/not addressed, and
their implication on vision not fully evaluated in the context of eyes
with and without colobomas. This cohort demonstrates that there are
other significant ophthalmic findings that need to be addressed in a
patient with CHARGE, without colobomas in order for the best visual
potential to be obtained.

The prevalence, world-wide, of refractive errors in the children is
11% for myopia, 4.6% for hyperopia and 14.9% for astigmatism
(Hashemi et al., 2017). Our cohort of patients is not able to provide
prevalence data. However, the rates of refractive correction that war-
rant spectacle correction in our cohort is higher than documented
prevalence data, at 76.9%. The prevalence of strabismus and ambly-
opia range between 2-5%, with Friedman et al., in the Baltimore Pedi-
atric Eye Disease Study, finding a prevalence 2.2-3.1% for strabismus,
and 0.8-1.8% prevalence for amblyopia (Friedman et al., 2009). In our
cohort, 69.2% had strabismus and 23.1% had amblyopia. These find-
ings are significant, and thus these authors recommend checking for
refractive errors, amblyopia and strabismus in all individuals with
CHARGE syndrome and treating these when medically and surgically
indicated. In our cohort, patient 11 was treated for amblyopia, and
with treatment, had a five-line improvement in visual acuity.

It is important to evaluate visual function/elucidate a history
about visual function even in the setting of good measured visual acu-
ities and no coloboma—as vision is more than visual acuity and there
could be associated visual impairment/functional vision limitations
secondary to neurodevelopmental delays. In our cohort, following the
diagnosis of CVI, in patient 2, and recommendation for additional neu-
rodevelopmental evaluation, the etiology of the CVI was found—epi-
lepsy—and appropriately addressed.

The tear film to corneal interphase is very important for vision.
30.8% of our cohort had dry eye syndrome and exposure keratopathy,
with one patient having a corneal abrasion, and 15.4% had blepharitis.
The sensory concerns of the CHARGE patient can be aggravated by
ocular surface and eyelid disease. It is important to evaluate for expo-
sure in patients with lagophthalmos and to address any eyelid disease.

In our cohort, punctal atresia was also found in patients with
nasolacrimal duct obstruction. Pre-surgical knowledge of this finding
will help with surgical planning.

It is important to note the other findings of drusen, eyelid nevus
and Marcus Gun Jaw Winking syndrome. These were noted in one
patient each and clinically followed. These are rare findings and may
be independent of CHARGE syndrome diagnosis. Marcus Gunn Jaw
Winking synkinesis was first described in 1883 by Robert Marcus
Gunn. It is a ptosis associated with upper eyelid contraction that is in
sync with contraction of the internal or external pterygoid muscles
(jaw movement) (Demirci, Frueh, & Nelson, 2010).

Table 2 provides information on the frequency of other systemic
findings in our cohort of CHD7+ positive patients, without colobomas.
Our data is consistent with other reported systemic findings in CHD7

+ patients (Hale et al., 2016), with the exception of orofacial clefts,
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which had a lower frequency in our cohort. Using previously defined clini-

_'éo cal diagnostic criteria (Blake et al., 1998; Blake & Prasad, 2006; Lalani,
wn .
% ; %" Hefner, et al., 2006; Lalani, Safiullah, et al., 2006; Verloes, 2005), we fur-
"g ﬁ s ther evaluated our cohort and classified our patients as definite or possi-
[
g é g ble CHARGE. In our cohort, only 2/13 patients were possible/probable
_g % é CHARGE diagnosis based on clinical findings only. Based on this, we
:>,~ .'-g E would propose that an absence of colobomas, in the presence of other
™Y T . . .
3 = = systemic findings does not rule out CHARGE syndrome and warrants fur-
-4 s
§ g S ther clinical and molecular testing.
BEasl O - This is not a prevalence study; however, it does provide significant
§ information about a patient population that has not previously been
" g reported. Another limitation is that not all the patients were seen by the
B o
£ = e 5 same provider, and documentation varied, where it was unclear what was
= >
-qg’ 15 § % E & seen at the examination, such patients were excluded from the final anal-
a T © QL o . . . .
3 _cs 5 5 29 ysis. This was a prospective study, and our medical center attracts
o0 50 a v,
% § § § Us patients from multiple locations, the confirmed CHD7+ information could
Q -+
OwIT . g é be obtained for all the patients enrolled in the studies, however, the
= O C'—Z CHD?7 variant type for each patient could not be obtained.
e gz
[} % 5
5 2 % 5 | CONCLUSIONS
a8 + T .z
g2
= 55 There are numerous ophthalmic findings in patients with CHARGE
gﬂ % e without colobomas. Even in the absence of coloboma, a patient
je £
= é _% should have adequate ophthalmic follow-up to assess for other oph-
' -+
§ £ § thalmic findings, and these should be interpreted in the clinical con-
° o
'::% é i § text and addressed accordingly. Thus, a newborn or baby with
i+ § @ CHARGE that does not have a coloboma should not be ruled as hav-
= E g ing no risk for ophthalmic sequalae. The absence of a coloboma means
E = E § less internal ophthalmic findings, decreased risk of a retinal detach-
g 8 . % % ment, and this would prognosticate increased chances of good vision.
'r'é“ E Good vision can be obtained provided all neurodevelopmental needs
>
- § % g are met, and appropriate evaluation and treatment of other significant
% 2 = -(8“ ophthalmic findings are performed.
= O [
oo + g 2 In our cohort, our patients had confirmed clinical and molecular
c
. S E diagnosis of CHARGE Syndrome, with a CHD7 mutation, without col-
[} >
E] .é g s obomas. We propose that even in the setting of no coloboma, a care-
[} o
% g E‘ 2 ful examination of the patient that yields a positive non-ophthalmic
"r':c % E _§ finding(s) of CHARGE, or a high clinical suspicion, would warrant con-
R % g firmation with molecular testing, and is consistent with the recom-
(<]
o S E mendations made by Hale et al. (2016).
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