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Importance of multi-disciplinary team approach in Feingold syndrome. 
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Introduction

Feingold Syndrome is a rare Autosomal Dominant (AD) 
genetic disorder with variable phenotypic expression 
and complete penetrance [1,2]. The constellation 
of malformations seen in Feingold Syndrome has 
considerable overlap with VACTERL Association, 
(vertebral defects, anal atresia, cardiac defects, 
tracheoesophageal fistula with esophageal atresia, renal 
and limb abnormalities), but can be distinguished by the 
microcephaly, brachymesophalangy and toe syndactyly 
[3]. Feingold Syndrome is caused by a heterozygous 

mutation in the MYCN proto-oncogene located on 
chromosome 2p24 [3,4]. MYCN belongs to the Myc 
family of proto-oncogenes, which are transcription 
factors important for the regulation of gene expression 
associated with a range of cellular processes, including 
proliferation, apoptosis, energy metabolism, and 
differentiation. MYCN is not ubiquitously expressed in 
that expression during embryogenesis is limited to pre-B 
cells, kidney, forebrain, hindbrain, and intestine, with 
highest expression in the developing brain [5]. Mutations 
in MYCN, which sequence variants and partial gene 
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deletions, are identified in 75% of patients clinically 
diagnosed with Feingold Syndrome [6,7].

Craniosynostosis, premature fusion of one or more cranial 
sutures, is a common craniofacial anomalies present in 
of 1 in 2,500 live births. Recently, incidence of metopic 
synostosis recently has increased [8]. The prevalence 
of metopic synostosis of 1 in 10,000-15,000 live births 
may be grossly underestimated due to unrecognized 
or insufficiently evaluated cases of trigonocephaly 
[9,10]. Most cases of metopic synostosis are believed 
to be spontaneous events without a clear underlying 
etiology; however, metopic synostosis can be induced 
by environmental factors such as valproate exposure in 
utero, neonatal hyperthyroidism, and intrauterine head 
constraint [11]. Additionally, monosomy 9p Syndrome, 
del 9p22p24 and Jacobsen Syndrome, del 11q23q24, have 
been associated with trigonocephaly [12]. 

We report a case of Feingold Syndrome, which presented 
with isolated metopic synostosis. The patient did not have 
an accurate diagnosis until evaluation by our craniofacial 
multi-disciplinary team.

Case Presentation 

A male child was born by Cesarean section at 34 6/7 
weeks gestation to a G2P2AB1 mother. The pregnancy 
was complicated by an ectopic twin terminated at 11 
weeks. Shortly after birth, the patient was found to have 
a tracheoesophageal fistula with esophageal atresia 
and was transferred to our institution for pediatric 
surgery consultation. On the basis of evaluation by the 
neonatal intensive care service, additional diagnoses of 
microcephaly, absent sacral vertebrae, Grade II germinal 
matrix hemorrhage, hypertension, hypercalcuria, and 
bilateral hypoplastic kidneys were made, leading to a 
presumptive diagnosis of VACTERL association. Prior to 
discharge, brain MRI was obtained for further evaluation 
(Figure 1). There was no evidence of hydrocephalus, 
however, it demonstrated delayed myelination. No medical 
genetic evaluation was requested at that time.

At eight months of age, the patient was referred to 

 

Figure 1. Brain MRI of age 6 weeks old demonstrated delayed myelination for age

Figure 2a. Preoperative head CT demonstrated mild 
trigonocephaly without evidence of hydrocephalus

plastic surgery for deformational plagiocephaly. Physical 
examination revealed microcephaly (below the second 
percentile), a prominent metopic ridge, a small anterior 
fontanelle, pseudo-hypotelorism, a narrowed bitemporal 
distance, epicanthal folds, and bilateral “cup ear” 
deformities. Additionally the patient was noted to have 
bilateral Blauth Grade 1 thumb hypoplasia, clinodactyly 
of the 2nd and 5th fingers, and brachydactyly of the 
bilateral small fingers. Computed Tomography (CT) 
scan demonstrated metopic synostosis, a small anterior 
fontanelle, and mild trigonocephalic dysmorphology 
without enlarged ventricle (Figure 2a). Due to the multiple 
congenital anomalies, a medical genetics evaluation was 
requested. The genetic evaluation revealed a possible 
diagnosis of Feingold Syndrome. A chromosomal 
microarray showed normal 46,XY. Additional genetic 
testing confirmed the Feingold Syndrome diagnosis due 
to a nonsense mutation in the MYCN gene at position 
c.964C>T (p.Arg322X). Origin of mutation is unclear 
as family declined family studies. Neuropsychological 
testing revealed global delays (Table 1). Preoperative 
ophthalmologic evaluation showed no evidence of 
papilledema. Because of concerns that the craniosynostosis 
was aggravating the global developmental delay and 
microcephaly, CVR was performed at 12.5 months. 
A small durotomy was noted during surgery, which 
was primarily repaired. Post-operative head CT was 
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unremarkable. (Figure 2b) Four weeks post-operatively, 
the patient developed a CSF leak from the incision. 

At that time the head CT noted the ventricular size was 
unchanged compared to the preoperative CT (Figure 2c). 
Treatment of the CSF leak failed to respond to lumbar drain 
management and subsequently required VPS placement at 
six weeks after CVR. The child is now almost five years 
old with some improvement in his global developmental 
delay. Following placement with a foster family, his 
cognitive function improved rapidly. However, follow-up 
neuropsychological testing demonstrated continued global 
impairment with some improvement. (Table 1) Significant 
microcephaly (Figure 3) remained. The patient continues 
to be followed by our multi- disciplinary craniofacial 
team. There is no current evidence of papilledema. 

Discussion

Feingold Syndrome is very rare AD syndrome with 
similar clinical features to VACTERL association. 
Craniosynostosis of any cranial suture can be an isolated 
phenomenon or part of a syndrome. Currently there are 
over 180 syndromes associated with craniosynostosis, and 
these vary greatly in terms of identified genes and clinical 
presentation [8]. To our knowledge, craniosynostosis 
has not been previously reported concomitantly with 
Feingold Syndrome. One child with Feingold syndrome 
was previously reported to have a “prominent metopic 
suture,” but no further details on whether the child had 
an isolated metopic ridge or other evidence of metopic 
synostosis were provided [4]. It should be also noted that 
craniosynostosis has been reported in conditions with 
similar phenotypes as Feingold syndrome, specifically 
Baller-Gerold syndrome (OMIM #218600) and Fanconi’s 
anemia [13-15]. Interestingly, despite several large 
retrospective studies specifically attempting to identify 
additional congenital anomalies that present in children 
with VATER/VACTERL Association, it appears that 
craniosynostosis and VACTERL Association have not 
been reported in the same individual [16,17]. 

Despite this fact, craniosynostosis has been seen in 
conditions phenotypically similar to Feingold Syndrome, 
we feel it is important to note that craniosynostosis and 
Feingold syndrome can co-exist. The authors recognize 
the fact that the presence of both craniosynostosis and 
Feingold Syndrome in this child is possibly due to pure 
chance, especially given the fact that craniosynostosis is 
relatively common. With that said, Feingold syndrome is a 
rare condition that has not been exhaustively studied; and 
therefore, we cannot be certain that craniosynostosis is not 
a possible component of Feingold syndrome. Additionally, 

Figure 2d. Follow up head CT without contrast at age 4 
demonstrated well decompressed ventricles with right occipital 
ventriculo-peritoneal shunt catheter

Mullen Scales of Early 
Learning

Test Score (A.E.) 9 months : 
07/28/2011

Test Score (A.E.) 4 years 6 
months: 05/05/2015 Score range

Gross motor T=50 (10 months) NA (33 months) Impaired
Visual Reception T=43 (8 months) 20 (26 months) Impaired
Fine Motor T=44 (9 months) 20 (34 months) Impaired
Receptive Language T=26 ( 4 months) 20 (24 months) Impaired
Expressive Language T=29 (5 months) 20 (24 months) Impaired

Table 1. Summary of neuropsychiatric test score

Figure 2b. Post CVR head CT demonstrated expansion of 
anterior skull base

Figure 2c. Non-contrast CT at 4 weeks after CVR with CSF leak, 
no evidence of hydrocephalus. The ventricle slightly smaller 
compared to preoperative head CT
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the beginning of care, parents may be better educated and 
have realistic expectations of treatment and outcome. Since 
Feingold syndrome itself is associated with microcephaly 
and developmental delays, the multidisciplinary team had 
extensive craniofacial group discussions prior to surgery. 
Each expert’s opinions were important in the development 
of a treatment plan due to the rarity of the case. The focus 
should not be solely on the craniofacial malformation. 
Long term follow-up is essential in this patient, since 
the child is medically complex and developmentally 
challenged. The multi-disciplinary team can offer multiple 
resources and support long-term care and follow-up. The 
patient reported here continues to make slow progress 
despite the global developmental delay. Microcephaly, 
a component of Feingold Syndrome, remains an issue 
requiring continued vigilance. 

Conclusion

Metopic craniosynostosis may be a component of 
craniofacial dysmorphism seen in Feingold syndrome. This 
case demonstrated importance of the multi-disciplinary 
team approach in making accurate diagnosis, determining 
surgical intervention and long-term follow up in Feingold 
syndrome with metopic craniosynostosis. 
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