Get Clarity On Generics =) messvs

WATCH VIDEO

Persistent Trigeminal Artery: A Novel

Imaging Findingin CHARGE Syndrome
A. Siddiqui, P. Touska, D. Josifova and S.E.J. Connor
AINR Am J Neuroradiol published online 5 August 2021
http://www.ajnr.org/content/early/2021/08/05/ajnr.A7240

Thisinformation is current as
of August 8, 2025.


http://www.ajnr.org/cgi/adclick/?ad=57975&adclick=true&url=https%3A%2F%2Fmrkt.us-marketing.fresenius-kabi.com%2Fajn1872x240_august2025
http://www.ajnr.org/content/early/2021/08/05/ajnr.A7240

Published August 5, 2021 as 10.3174/ajnr.A7240

ORIGINAL RESEARCH
PEDIATRICS

Persistent Trigeminal Artery: A Novel Imaging Finding in
CHARGE Syndrome

A. Siddiqui, "“P. Touska, “*'D. Josifova, and ““'S.EJ. Connor

ABSTRACT

BACKGROUND AND PURPOSE: Coloboma of the eye, Heart defects, Atresia of the choanae, Retardation of growth and/or devel-
opment, Genital and/or urinary abnormalities, Ear abnormalities and deafness (CHARGE) syndrome is an autosomal dominant
genetic disorder with evolving clinical diagnostic criteria. Recently, a number of additional anomalies have been described in this
syndrome, which may aid in early diagnosis, particularly in incomplete phenotypes or atypical cases. The persistent trigeminal artery
is an embryonic carotid-vertebral anastomosis, rarely seen in the healthy population, with a reported prevalence of 0.4%. Because
we had observed the persistent trigeminal artery in patients with CHARGE syndrome, this study aimed to explore the prevalence
of the persistent trigeminal artery in this syndrome.

MATERIALS AND METHODS: A retrospective study was performed at our tertiary center. MR imaging studies, clinical records, and
genetic results were reviewed for patients diagnosed with CHARGE syndrome between 2006 and 2019. The prevalence of the per-
sistent trigeminal artery in patients with CHARGE syndrome was recorded and compared with other established diagnostic criteria.

RESULTS: Twenty-five patients with CHARGE syndrome were included. The persistent trigeminal artery was demonstrated on MR
imaging in 14/25 (56%) patients and was seen more frequently than 4 of 9 other established diagnostic criteria in our cohort. When
individual major or minor diagnostic criteria were absent, the persistent trigeminal artery was still demonstrated on MR imaging in
52%-67% of these patients with CHARGE syndrome.

CONCLUSIONS: The prevalence of the persistent trigeminal artery in CHARGE syndrome of 56% is higher than that of some other
established diagnostic criteria and much higher than that in the general population. The persistent trigeminal artery may be a useful
addition to the expanding phenotype of CHARGE syndrome, supplementing other diagnostic criteria. Radiologists should be aware
of this novel finding demonstrable on MR imaging.

ABBREVIATIONS: CHARGE = Coloboma of the eye, Heart defects, Atresia of the choanae, Retardation of growth and/or development, Genital and/or uri-
nary abnormalities, Ear abnormalities and deafness; CHD7 = Chromodomain Helicase DNA-binding protein; PcomA = posterior communicating artery; PHACE
= Posterior fossa/brain malformations, Hemangiomas, Arterial anomalies, Coarctation of the aorta, and Cardiac anomalies and Eye abnormalities; PTA = persis-
tent trigeminal artery

C oloboma of the eye, Heart defects, Atresia of the choanae,
Retardation of growth and/or development, Genital and/or
urinary abnormalities, and Ear abnormalities and deafness
(CHARGE) syndrome is a rare, usually sporadic, autosomal dom-
inant disorder caused by heterozygous mutations in the chromo-
domian helicase DNA binding protein 7 (CHD?) gene in most
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cases. While the acronym CHARGE was based on the cardinal
features identified when the syndrome was initially described, the
clinical diagnostic criteria have since evolved. They now include
the 3C triad (Coloboma-Choanal atresia-abnormal semicircular
Canals), olfactory hypoplasia, and/or arhinencephaly and rhom-
bencephalic dysfunctions, which are now considered the most
important and constant clues to the diagnosis.'

The persistent trigeminal artery (PTA) is an embryonic
carotid-vertebral anastomosis that is normally transiently seen in
early fetal life. Because it is rarely reported in the healthy popula-
tion, with a prevalence of 0.4%, and is easily recognized on MR
imaging, it would constitute a potentially useful syndromic asso-
ciation. Because we had observed the PTA on MR imaging stud-
ies in patients with CHARGE syndrome, our hypothesis was that
the PTA would have a high prevalence in CHARGE syndrome
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and would represent a useful diagnostic criterion. Hence, our pri-
mary objective was to determine the prevalence of the PTA on
MR imaging in patients with CHARGE syndrome, and our sec-
ondary objective was to compare the prevalence of the PTA with
that of other diagnostic criteria.

MATERIALS AND METHODS

Patients

A retrospective study on CHARGE syndrome was performed at
Guy's and St. Thomas' NHS Foundation Trust with local institu-
tional approval and the need for informed consent was waived. The
radiology information data base (CRIS, Healthcare Software
Solutions, UK) was searched for MR imaging studies performed
between 2006 and 2019 containing the terms “CHARGE-syndrome”
or “CHARGE syndrome” in the report or clinical details. The clini-
cal records and imaging studies were reviewed, and a diagnosis of
CHARGE syndrome was confirmed on the basis of either genetics
or a defined clinical diagnostic criterion subcategorizing into typical,
partial/incomplete, or atypical CHARGE.” The demographic data,
clinical criteria, and results of genetic testing were recorded.

Imaging Analysis

Imaging was performed on both 1.5 (n=21) and 3T (n=6)
MR imaging systems from the same manufacturer (Philips
Healthcare), with 2 patients having undergone scanning on both
systems. Most 1.5T MR imaging studies were performed on a sin-
gle scanner, an Achieva 1.5T (Philips Healthcare), while the other
studies were performed on a 3T Achieva scanner (Philips
Healthcare). Axial T2WI was available for all patients (4- to 5-
mm section thickness on 1.5T and 2-mm thickness on 3T). 20/25
patients also had additional thin-section (1- to 1.4-mm section
thickness) heavily T2WT through the posterior fossa. Time-of-
flight MR angiography was acquired in 6/25, including in 2
patients who did not have thin-section T2W1.

Imaging was reviewed by 2 experienced neuroradiologists
(A.S. with 13years’ consultant/senior experience and S.E.J.C.
with 18 years’ consultant/senior experience), and agreement was
reached by consensus. The presence of a PTA was recorded if a
vessel was seen connecting the intracavernous ICA to the basilar
artery. When present, the PTA was subclassified as either medial
or lateral, depending on its origin from the medial or lateral sur-
face of the ICA and/or a course relative to the abducens nerve or
lateral border of the dorsum sellae. Hypoplasia of the basilar ar-
tery below the level of the PTA and the presence, absence or hy-
poplasia of the posterior communicating artery (PcomA) (when
an MRA sequence was available) were also recorded.

Statistics

Statistical calculations were performed using SPSS Statistics soft-
ware (IBM). The prevalence of the PTA, along with the other
major and minor diagnostic criteria, in patients with CHARGE
syndrome was calculated. The prevalence of each diagnostic crite-
rion, along with the prevalence of the PTA was compared; 95%
confidence intervals were derived using a I-sample binomial
(Clopper-Pearson) test. The Fisher exact test was used to com-
pare PTA prevalence between defined groups. A P value < .05
was deemed significant.
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RESULTS

Patient Characteristics and Diagnostic Criteria for
CHARGE

Twenty-five patients (male = 16; female = 9) with a diagnosis of
CHARGE syndrome were included in the study. Ages ranged
from 2days to 22years (median= 1month), with 12 neonates
(0-1months), 5 infants (1-12months), and 8 older children/
adults (1-22 years). Most neonatal MR imaging studies were per-
formed for dysmorphology or cardiovascular problems, whereas
MR imaging studies in infants and older children were performed
for various other indications, including cranial nerve dysfunction
and hearing loss. On the basis of clinical criteria,” 22/25 had a
clinical diagnosis of typical CHARGE syndrome, 2/25 had atypi-
cal CHARGE syndrome (but confirmed genetically), and 1/25
had limited clinical information (also confirmed genetically).
Genetic testing for mutations in the CHD7 gene was performed
and confirmed in 17/25 cases; the remaining 8 cases had clinical
confirmation of the diagnosis but had either not undergone
genetic testing or the results were unavailable. With the Fisher
exact test, there was no significant difference between the pres-
ence or absence of the PTA between the genetically confirmed
and clinically confirmed cases (P=.5). Similarly, there was no
significant difference in the prevalence of the PTA between
patients with typical and atypical CHARGE syndrome (P =.7).

Imaging Findings of the PTA

The PTA was seen in 56% (n=14) of patients with CHARGE
syndrome (Figs 1 and 2). When seen, the PTA was medial in 79%
(11/14) and lateral in 21% (3/14) of patients. The basilar artery
below the PTA was hypoplastic in 36% (5/14) of cases, and the
PcomA was absent or hypoplastic in all 6 patients who had
undergone MRA. The PTA was seen in 8/14 males (57%) and
6/14 females (43%) and was unilateral in all patients. When pres-
ent, it was also seen on standard 5mm thick-section T2WTI of the
head in 8/14 (57%). In 3 neonates who had undergone subse-
quent follow-up imaging in later childhood, the PTA was demon-
strable on each occasion. The PTA was also seen in 4/8 patients
who did not have genetic testing. Other imaging findings of
CHARGE syndrome (Figs 1 and 2) were also recorded.

Comparison between the Presence of PTA and Other
Diagnostic Criteria

The Table shows the comparison between the prevalence of the
PTA and other diagnostic criteria in patients with CHARGE syn-
drome. In particular, the prevalence of the PTA (56%, 14/25) was
higher than some of the established major and minor clinical cri-
teria such as choanal atresia (40%, 10/25), gonadal anomalies
(40%, 10/25), orofacial/laryngeal clefting (32%, 8/25), and tra-
cheoesophageal fistula (8%, 2/25). Regarding an additional value
when a major criterion was absent, the PTA was seen in 55%
(5/9) of patients with CHARGE syndrome without documented
colobomas and 53% (8/15) of patients without documented choa-
nal atresia. Comparison with minor criteria also showed that the
PTA was seen in 57% (4/7) of patients without cardiovascular
anomalies, in 67% (10/15) of patients without gonadal anomalies,
in 65% (11/17) of patients without orofacial/laryngeal clefting,
and in 52% (13/23) of patients without a tracheoesophageal



FIG 1. PTA in CHARGE syndrome, medial variant. Axial T2WI (A and B), sagittal T2WI (C), axial CT (D), and MRA transverse (E) and lateral (F) views
in a neonate demonstrate a PTA (long arrows) connecting the intracavernous ICA to the basilar artery. Note the bilateral ocular colobomas

(arrowheads), absent semicircular canals, and clival cleft (arrow in D).

FIG 2. PTA in CHARGE syndrome, lateral variant. Standard 5-mm brain axial T2WI (A) and thin-
section submillimetric T2WI (B and C) show a lateral-type PTA (long arrows), bilateral coloboma
(arrowheads), and aplasia of the semicircular canals. The PTA is less clearly evident on the stand-
ard brain T2WI (A) compared with the thin-section images (B and C). Note the hypoplastic basilar

artery below the PTA.

fistula, further supporting the additive complementary value of
this finding.

DISCUSSION

The PTA was demonstrated on MR imaging in 56% (14/25) of
cases in our cohort of patients with CHARGE syndrome. The
prevalence of the PTA in patients with CHARGE syndrome was
higher than 4 of 9 other established diagnostic criteria. The PTA
was still present in most patients in whom specific major criteria
(colobomas and choanal atresia) or minor criteria (cardiovascular
anomalies, gonadal anomalies, orofacial/laryngeal clefting, tra-
cheoesophageal fistula) were absent.

CHARGE Syndrome
CHARGE syndrome (or Hall-Hittner
syndrome) was first described as an
association of congenital anomalies in
1979."* The acronym CHARGE is
based on the cardinal features identified
when the syndrome was delineated:
Coloboma, Heart malformation, choa-
nal Atresia, Retardation of growth
and/or development, Genital and/or
urinary anomalies, and Ear anomalies.
Diagnosis is based on clinical crite-
ria, which have been updated across
time, with emphasis on the 3C triad
(Coloboma, Choanal atresia, and
abnormal semicircular Canals).*® It
was subsequently labeled as the
CHARGE syndrome because the association of multiple
anomalies was pathogenetically related following the identifi-
cation of the CHD? gene.” Since that time, several new clinical
findings have been added to the clinical spectrum of CHARGE
syndrome, such as dysmorphic features, rhombencephalic dys-
function, cranial nerve dysfunction, hypoplasia of the semicir-
cular canals, olfactory hypoplasia and/or arhinencephaly,
feeding difficulties, esophageal anomalies, facial clefts, and
hypothalamic-hypophyseal dysfunction.®"'*> The clinical spec-
trum of CHD7 mutations and CHARGE continues to expand,
and recent literature has focused on the presence of venous

and skull base anomalies.'**”
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Prevalence of PTA versus other CHARGE clinical criteria and of the PTA in cases in which the clinical criterion was absent

Prevalence in

Prevalence of PTA When the
Clinical Criterion Was Absent

Prevalence in Our Study
(95% Cls)

Clinical Criterion Literature'>?
PTA
Coloboma 75%-90%
Choanal atresia 35%—65%
CHARGE ear 95%—100%

40->95%
50%-85%
50%-70%
15%-20%
70->90%

Cranial nerve dysfunction

Cardiovascular anomalies

Gonadal/genitourinary anomalies

Clefting, orofacial/larynx

Growth deficiency/developmental
delay

Tracheoesophageal fistula/anomalies 15%—20%

56%, 14/25 (95% Cl, 0.35-0.76)
64%,16/25 (95% Cl, 0.42-0.82)
40%, 10/25 (95% Cl, 0.21-0.61)
100%, 25/25 (95% Cl, 0.86-1)
100%, 25/25 (95% Cl, 0.86-1)
72%, 18/25 (95% Cl, 0.51-0.88)
40%,10/25 (95% Cl, 0.21-0.61)
32%, 8/25 (95% Cl, 0.15-0.53)
100%, 25/25 (95% Cl, 0.86-1)

55%, 5/9 (95% Cl, 0.21-0.86)
53%, 8/15 (95% Cl, 0.27-0.79)

57%, 4/7 (95% Cl, 0.18-0.9)
67%,10/15 (95% Cl, 0.21-0.61)
65%, 11/17 (95% Cl, 0.38-0.86)

8%, 2/25 (95% Cl, 0.01-0.26)  56%, 13/23 (95% Cl, 0.34—0.77)

Genetically, CHARGE syndrome is a monogenic autosomal
dominant disorder with an incidence of approximately 1:8500 to
1:12,500 in North America.>'>'® It results from a dysblastoge-
netic and dysneurulative process and could be related by a com-
mon pathogenetic mechanism resulting in disturbed neural crest
development.'> Mutations in the gene CHD7 (in 8ql2) were
identified as causative for CHARGE syndrome in most (approxi-
mately two-thirds) patients with a clinical diagnosis of CHARGE
syndrome.” CHD? belongs to a large family of evolutionarily con-
served proteins thought to play a role in chromatin organization
and is a regulatory element that potentially affects a large number
of developmental pathways, explaining the pleiotropic nature of
its phenotypic spectrum.?

While congenital cardiovascular anomalies are commonly
seen in CHARGE syndrome, anomalies of the head and neck ves-
sels have been rarely described, with occasional case reports of
isolation of the carotid artery, isolation of the left subclavian ar-
tery from the pulmonary artery, and complex cervical arteriove-

nous fistulas.'” "

PTA

The PTA is one of the primitive carotid-vertebrobasilar anasto-
moses; it is the largest of these anastomotic vessels seen in fetal
life and is seen in approximately 0.1%-1% of angiographic stud-

e 20,21
1€8, 0

with a recent meta-analysis demonstrating a pooled prev-
alence of 0.4%.° In utero, the trigeminal artery supplies the
basilar artery before development of the PcomA and vertebral
arteries, with subsequent involution. The PTA arises from the
junction between the petrous and cavernous ICA and runs poste-
riorly along the trigeminal nerve or crosses over or through the
dorsum sellae. Vertebral, posterior communicating, and caudal
basilar arteries are often hypoplastic. In 1959, Saltzman?®?
reported 8 cases and proposed an angiographic classification for
the PTA into 2 main types. In Saltzman type 1, or the fetal variant
of the PTA, the basilar artery proximal to the insertion of the
PTA may be hypoplastic and the PcomA may be absent, making
the PTA a very important vessel supplying the entire basilar ar-
tery system distal to the anastomosis and providing flow to a large
part of the posterior circulation, whereas in Saltzman type 2, or
the adult variant, the PTA is a relatively less important vessel,
with the posterior cerebral arteries receiving their blood supply
predominantly through patent PcomAs and the basilar artery fill-
ing by the vertebral arteries.””> While we were not able to
4 Siddiqui
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classify all PTAs according to the Saltzman system, in our series,
the basilar artery was hypoplastic below the PTA in 36% (5/14) of
patients and the PcomAs were hypoplastic in 6/6 patients who
had undergone an MRA, suggesting that these were probably
type 1, thereby making the PTA a potentially significant source of
supply to the posterior circulation.

The exact etiology of the persistence of this vessel into post-
natal life is unclear. The PTA is the most prominent of the
carotid-basilar anastomoses, existing in early fetal life (4- to 5-
mm embryonic stage) and providing an important source of flow
to the developing rhombencephalon, arising from the developing
ICA to connect with the paired longitudinal neural arteries, which
would eventually form the basilar artery. Growth of the posterior
fossa structures, interposition of the developing basisphenoid carti-
lages, and evolution of the carotid and vertebrobasilar systems
result in obliteration of the PTA at around the 7- to 14-mm embry-
onic stage, with the PcomA superseding the PTA from above and
the vertebral arteries developing from below.*' The PTA has been
reported in association with vascular malformations, aneurysms,
trigeminal neuralgia/compression, and PHACE syndrome, with
additional implications in surgical and endovascular treatment-
planning, making it a relevant finding to note, with significance
potentially emerging later in life.*>*"** One of our patients had a
mild ICA hypoplasia contralateral to the PTA, but we did not find
any vascular malformations or aneurysms in our study.

Association of the PTA and CHARGE Syndrome

To the best of our knowledge, this is the first report describing a
compelling association of the PTA with CHARGE syndrome.
This finding was readily identified on imaging studies and partic-
ularly when thin-section T2WI was available. While it is impor-
tant for the neuroradiologists to recognize this association, it may
also have an additional supplementary value when other criteria
are lacking, particularly in cases of atypical or partial/incomplete
CHARGE syndrome. The presence of the PTA on neuroimaging
studies, particularly in the context of a child with complex cardio-
vascular anomalies or rhombencephalic dysfunction, should
prompt a review for other hitherto unsuspected imaging features
of CHARGE syndrome.

The prevalence of PTA of 56% (14/25) in cases of CHARGE
syndrome is particularly high, given the relatively low prevalence
of the PTA (0.4%).° Similarly, we have not found any reference to
the PTA or intracranial arterial anomalies in the context of



CHARGE syndrome, including large reviews on this subject.*>*°

This could potentially be due to the lack of thin-section imaging
of the posterior fossa or lack of MR angiographic imaging. The
PTA was clearly identified on the thin-section T2WTI performed
for assessment of the inner ears or when thin-section T2WTI of
the head was available, but it could also be demonstrated in 57%
(8/14) on the standard T2WTI of the head (Fig 2). There was no
particular correlation with sex. We also found that a substantial
proportion of patients with CHARGE syndrome, who did not
have one of the major or minor diagnostic criteria, had the pres-
ence of the PTA, as shown in the Table, in more than half of the
cases. This is a strong argument for including the PTA as an addi-
tional diagnostic criterion of CHARGE syndrome, to further sup-
port the other diagnostic criteria, increase diagnostic confidence,
and direct appropriate investigations. Indeed, 2 patients who did
not have a typical CHARGE diagnosis (but were genetically con-
firmed) had a PTA.

CHD? is expressed ubiquitously in fetal and adult tissues,
including eye, olfactory epithelium, inner ear, and the vascular
system.” The in situ hybridization analysis of the CHD7 gene dur-
ing early human development has shown a good correlation
between the specific CHD7 expression pattern and the develop-
mental anomalies observed in CHARGE syndrome.12 Therefore,
it is plausible that mutations in this gene in some could result in
vascular maldevelopment and persistence of embryonic vessels.
Embryologically, the PTA is a significant source of supply to the
developing hindbrain in very early fetal life at around 4-6 weeks
but has a very limited time span of approximately a week or so,
with normal regression of the PTA paralleling the simultaneous
development of the PcomA and vertebral arteries, which then
take over the function of providing flow to the posterior circula-
tion and the rapidly developing hindbrain.*"»*"*® It is also well-
established that hindbrain dysfunction is a characteristic feature
of CHARGE syndrome; therefore, the finding of parallel anoma-
lous vascular development is not surprising. Embryologically,
CHARGE is thought to be a complex neurocristopathy, related to
abnormalities of neural crest cells and abnormal differentiation of
the cephalic mesoderm and ectoderm occurring between 3 and
9 weeks of gestation.” This timing also corresponds to and over-
laps the time of development and regression of the PTA, thereby
potentially explaining its persistence in CHARGE.

PTA versus Other Criteria in CHARGE

Compared with the other accepted diagnostic criteria, the PTA
fares well, and the prevalence of PTA in our series (56%, 14/25) is
higher than some major and minor criteria (Table). It is well-
documented that semicircular canal aplasia is seen in almost all
cases of CHARGE syndrome, as was seen in 100% of our cases.
However, regarding other major criteria, ocular colobomas were
seen in only 64% (16/25), and choanal atresia, in 40% (10/25) of
our cohort. Previous studies have indicated the prevalence of ocu-
lar colobomas to be 75%-90% and choanal atresia to be 35%-
65%.'” The prevalence of minor criteria in our study was variable,
and the PTA also compared favorably. This finding is a strong
argument in support of including the PTA as an additional diag-
nostic criterion. It is also topographically distinct from the other
established clinical criteria and adds the missing arterial angle to

the pre-existing broad clinicoradiologic phenotype of CHARGE
syndrome. In addition to our findings of the high prevalence of
the PTA, recent studies have also demonstrated a high prevalence
of clival pathology in CHARGE syndrome, with characteristic
clival clefts found in nearly 90% of cases, and cerebellar malfor-
mations/heterotopia, in >70%, further arguing for expansion of

the existing clinical criteria.'>*°

Limitations

There are limitations to a retrospective study. In particular, there
were variable MR imaging sequences and technical parameters,
and MRA was available in only 6/25 patients. However, most of
our patients (20/25) had undergone thin-section T2WI, primarily
for assessment of the vestibulocochlear nerves and inner ears,
and the PTA was well-demonstrated on this sequence. In 3
patients without MRA or thin-section T2WI, the axial head
T2WI did not show an obvious PTA, and we acknowledge the
possibility that a small PTA may have been present. When one
compares the utility of the PTA with other diagnostic criteria,
one must consider their prevalence in other syndromic and non-
syndromic populations. We did not look at the prevalence of the
PTA in other syndromes or similar conditions; therefore, we are
unable to assess the specificity of this finding and how frequently
it is present in other related syndromes, though we did not find
any reference to the PTA in chromosomal syndromes overlap-
ping with CHARGE syndrome such as 22q11.2 deletion or cat
eye syndromes. We also acknowledge that the available clinical
data may have been limited in some of our patients. Additional
prospective multi-institutional studies would be helpful in further
validation of this interesting finding and bringing into focus the
association of arterial anomalies with CHARGE syndrome, which
may have significance in later life.

CONCLUSIONS

This is the first report of an association between the PTA and
CHARGE syndrome. With the identification of a high prevalence
of the PTA in CHARGE syndrome (56%), which is higher than
some other established diagnostic criteria and much higher than
in the general population, our study adds another interesting and
topographically distinct imaging finding to the existing broad
phenotype of CHARGE syndrome.

Disclosures: S.EJ. Connor—UNRELATED: Grants/Grants Pending: | have received
a grant for MRI research on inner ears from the Royal College of Radiologists
(Kodak Radiology Fund Scholarship) but not connected with this work.* *Money
paid to the institution.

REFERENCES

1. Hittner HM, Hirsch NJ, Kreh GM, et al. Colobomatous microphthal-
mia, heart disease, hearing loss, and mental retardation: a syn-
drome. ] Pediatr Ophthalmo | Strabismus 1979;16:122-28 CrossRef
Medline

2. Hall BD. Choanal atresia and associated multiple anomalies. ]
Pediatr 1979;95:395-98 CrossRef Medline

3. Pagon RA, Graham JM, Zonana J, et al. Coloboma, congenital heart
disease, and choanal atresia with multiple anomalies: CHARGE
association. ] Pediatr 1981;99:223-27 CrossRef Medline

AINR Am J Neuroradiol ®:@ @ 2021 www.ajnr.org 5


http://dx.doi.org/10.3928/0191-3913-19790301-10
https://www.ncbi.nlm.nih.gov/pubmed/458518
http://dx.doi.org/10.1016/S0022-3476(79)80513-2
https://www.ncbi.nlm.nih.gov/pubmed/469662
http://dx.doi.org/10.1016/S0022-3476(81)80454-4
https://www.ncbi.nlm.nih.gov/pubmed/6166737

10.

15.

16.

17.

[3

. Blake KD, Davenport SL, Hall BD, et al. CHARGE association: an

update and review for the primary pediatrician. Clin Pediatr (Phila)
1998;37:159-73 CrossRef Medline

. Verloes A. Updated diagnostic criteria for CHARGE syndrome: a

proposal. Am ] Med Genet A. 2005;133:307-08 CrossRef Medline

. Brzegowy K, Pedkala PA, Zarzecki MP, et al. Prevalence and clinical

implications of the primitive trigeminal artery and its variants: a
meta-analysis. World Neurosurg 2020;133:e401-11 CrossRef Medline

. Vissers LE, van Ravenswaaij CM, Admiraal R, et al. Mutations in a

new member of the chromodomain gene family cause CHARGE
syndrome. Nat Genet 2004;36:955-57 CrossRef Medline

. Lanson BG, Green JE, Roland JT, et al. Cochlear implantation in

children with CHARGE syndrome: therapeutic decisions and out-
comes. Laryngoscope 2007;117:1260-66 CrossRef Medline

. Song MH, Cho HJ, Lee HK, et al. CHD7 mutational analysis and

clinical considerations for auditory rehabilitation in deaf patients
with CHARGE syndrome. PLoS One 2011;6:¢24511 CrossRef
Medline

Tellier AL, Cormier-Daire V, Abadie V, et al. CHARGE syndrome:
report of 47 cases and review. Am ] Med Genet 1998;76:402-09
CrossRef Medline

. Blustajn J, Kirsch CF, Panigrahy A, et al. Olfactory anomalies in

CHARGE syndrome: Imaging findings of a potential major diag-
nostic criterion. AJNR Am ] Neuroradiol 2008;29:1266-69 CrossRef
Medline

. Sanlaville D, Verloes A. CHARGE syndrome: an update. Eur ] Hum

Genet 2007;15:389-99 CrossRef Medline

. Morimoto AK, Wiggins RH, Hudgins PA, et al. Absent semicircular

canals in CHARGE syndrome: radiologic spectrum of findings.
AJNR Am ] Neuroradiol 2006;27:1663-71 Medline

. Friedmann DR, Amoils M, Germiller JA, et al. Venous malforma-

tions of the temporal bone are a common feature in CHARGE syn-
drome. Laryngoscope 2012;122:895-900 CrossRef Medline

Mahdi E, Whitehead MT. Clival malformations in CHARGE syn-
drome. AJNR Am ] Neuroradiol 2018;39:1153-56 CrossRef Medline
Issekutz KA, Graham JM, Prasad C, et al. An epidemiological analy-
sis of CHARGE syndrome: preliminary results from a Canadian
study. Am ] Med Genet A 2005;133:309-17 CrossRef Medline

Dashti SR, Spetzler RF, Park MS, et al. Multimodality treatment of a
complex cervicocerebral arteriovenous shunt in a patient with
CHARGE syndrome: case report. Neurosurgery 2010;67:E208-09
CrossRef Medline

Siddiqui @ 2021  www.ajnr.org

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Bech AP, Op Den Akker J, Matthijsse PR. Isolation of the left subcla-
vian artery from the pulmonary artery in a patient with CHARGE
association. Congenit Anom (Kyoto). 2010;50:200-02 CrossRef
Medline

Ghalili K, Issenberg HJ, Freeman NJ, et al. Isolated left carotid artery
in CHARGE association: diagnosis and repair. Ann Thorac Surg
1990;50:130-32 CrossRef Medline

Azab W, Delashaw ], Mohammed M. Persistent primitive trigemi-
nal artery: a review. Turk Neurosurg 2011;22:399-406 CrossRef
Medline

Meckel S, Spittau B, McAuliffe W. The persistent trigeminal artery:
development, imaging anatomy, variants, and associated vascular
pathologies. Neuroradiology 2013;55:5-16 CrossRef Medline
Saltzman GF. Patent primitive trigeminal artery studied by cere-
bral angiography. Acta Radiol 1959;51:329-36 CrossRef Medline
McKenzie JD, Dean BL, Flom RA. Trigeminal-cavernous fistula:
Saltzman anatomy revisited. AJNR Am ] Neuroradiol 1996;17:280-
82 Medline

Diana F, Mangiafico S, Valente V, et al. Persistent trigeminal artery
aneurysms: case report and systematic review. ] Neurointerv Surg
2019;11:1261-65 CrossRef Medline

van Ravenswaaij-Arts CM, Hefner M, Blake K, et al. CHD7 disorder.
GeneReviews October 2, 2006. Updated September 17, 2020. https://
www.ncbi.nlm.nih.gov/books/NBK1117/. Accessed May 4, 2021
Zentner GE, Layman WS, Martin DM, et al. Molecular and pheno-
typic aspects of CHD7 mutation in CHARGE syndrome. Am ] Med
Genet A 2010;152:674-86 CrossRef Medline

Fields WS. The significance of persistent trigeminal artery:
carotid-basilar anastomeosis. Radiology 1968;91:1096-1101 CrossRef
Medline

Menshawi K, Mohr JP, Gutierrez ]. A functional perspective on the
embryology and anatomy of the cerebral blood supply. J Stroke
2015;17:144-58 CrossRef Medline

de Geus CM, Bergman JE, van Ravenswaaij-Arts CM, et al. Imaging
of clival hypoplasia in CHARGE syndrome and hypothesis
for development: a case-control study. AJNR Am ] Neuroradiol
2018;39:1938-42 CrossRef Medline

Wright JN, Rutledge ], Doherty D, et al. Cerebellar heterotopias:
expanding the phenotype of cerebellar dysgenesis in CHARGE syn-
drome. AJNR Am ] Neuroradiol 2019;40:2154-60 CrossRef Medline


http://dx.doi.org/10.1177/000992289803700302
https://www.ncbi.nlm.nih.gov/pubmed/9545604
http://dx.doi.org/10.1002/ajmg.a.30559
https://www.ncbi.nlm.nih.gov/pubmed/15666308
http://dx.doi.org/10.1016/j.wneu.2019.09.042
https://www.ncbi.nlm.nih.gov/pubmed/31536812
http://dx.doi.org/10.1038/ng1407
https://www.ncbi.nlm.nih.gov/pubmed/15300250
http://dx.doi.org/10.1097/MLG.0b013e31806009c9
https://www.ncbi.nlm.nih.gov/pubmed/17507827
http://dx.doi.org/10.1371/journal.pone.0024511
https://www.ncbi.nlm.nih.gov/pubmed/21931733
http://dx.doi.org/10.1002/(SICI)1096-8628(19980413)76:5&hx003C;402::AID-AJMG7&hx003E;3.0.CO;2-O
https://www.ncbi.nlm.nih.gov/pubmed/9556299
http://dx.doi.org/10.3174/ajnr.A1099
https://www.ncbi.nlm.nih.gov/pubmed/18417599
http://dx.doi.org/10.1038/sj.ejhg.5201778
https://www.ncbi.nlm.nih.gov/pubmed/17299439
https://www.ncbi.nlm.nih.gov/pubmed/16971610
http://dx.doi.org/10.1002/lary.23205
https://www.ncbi.nlm.nih.gov/pubmed/22314876
http://dx.doi.org/10.3174/ajnr.A5612
https://www.ncbi.nlm.nih.gov/pubmed/29622552
http://dx.doi.org/10.1002/ajmg.a.30560
https://www.ncbi.nlm.nih.gov/pubmed/15637722
http://dx.doi.org/10.1227/01.NEU.0000371064.91216.AB
https://www.ncbi.nlm.nih.gov/pubmed/20559068
http://dx.doi.org/10.1111/j.1741-4520.2010.00283.x
https://www.ncbi.nlm.nih.gov/pubmed/20584036
http://dx.doi.org/10.1016/0003-4975(90)90105-F
https://www.ncbi.nlm.nih.gov/pubmed/2369215
http://dx.doi.org/10.5137/1019-5149.JTN.4427-11.1
https://www.ncbi.nlm.nih.gov/pubmed/22843453
http://dx.doi.org/10.1007/s00234-011-0995-3
https://www.ncbi.nlm.nih.gov/pubmed/22170080
http://dx.doi.org/10.3109/00016925909171103
https://www.ncbi.nlm.nih.gov/pubmed/13649384
https://www.ncbi.nlm.nih.gov/pubmed/8938299
http://dx.doi.org/10.1136/neurintsurg-2019-015046
https://www.ncbi.nlm.nih.gov/pubmed/31243067
https://www.ncbi.nlm.nih.gov/books/NBK1117/
https://www.ncbi.nlm.nih.gov/books/NBK1117/
http://dx.doi.org/10.1002/ajmg.a.33323
https://www.ncbi.nlm.nih.gov/pubmed/20186815
http://dx.doi.org/10.1148/91.6.1096
https://www.ncbi.nlm.nih.gov/pubmed/5699609
http://dx.doi.org/10.5853/jos.2015.17.2.144
https://www.ncbi.nlm.nih.gov/pubmed/26060802
http://dx.doi.org/10.3174/ajnr.A5810
https://www.ncbi.nlm.nih.gov/pubmed/30237300
http://dx.doi.org/10.3174/ajnr.A6280
https://www.ncbi.nlm.nih.gov/pubmed/31649160

	Persistent Trigeminal Artery: A Novel Imaging Finding in CHARGE Syndrome
	MATERIALS AND METHODS
	PATIENTS
	IMAGING ANALYSIS
	STATISTICS
	RESULTS
	PATIENT CHARACTERISTICS AND DIAGNOSTIC CRITERIA FOR CHARGE
	IMAGING FINDINGS OF THE PTA
	COMPARISON BETWEEN THE PRESENCE OF PTA AND OTHER DIAGNOSTIC CRITERIA
	DISCUSSION
	CHARGE SYNDROME
	PTA
	ASSOCIATION OF THE PTA AND CHARGE SYNDROME
	PTA VERSUS OTHER CRITERIA IN CHARGE
	LIMITATIONS
	CONCLUSIONS
	REFERENCES


