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Abstract

Background: Congenital bilateral vocal cord paralysis is a rare occurrence. Approximately half the cases are
associated with a major comorbidity, usually neurological, neuromuscular or malformative.

Case presentation: In a male newborn, respiratory distress syndrome and stridor were observed immediately
following birth. The cause was bilateral vocal cord paralysis in the adducted position. Neuroradiological
investigation revealed a unilateral discontinuity between the upper pons and the right medulla oblongata.
Hypoplasia of the right posterior hemiarches of C1-C2 and the right exo-occipital bone was observed, as was
a small clivus. MR angiography showed the absence of the distal right vertebral artery, with hypoplasia and
parietal irregularities of the proximal segments. Respiratory autonomy was not obtained despite endoscopic
laser cordotomy, corticosteroid therapy and nasal continuous positive airway pressure. The infant died at the
age of 4 weeks after treatment was limited to comfort care.

Conclusions: A medullary lesion is an exceptional cause of congenital bilateral vocal cord paralysis. The strictly
unilateral neurological and vascular defect and the absence of associated intracranial or extracranial malformation
make this clinical case unique and suggest a disruptive mechanism. This case also highlights the help provided by
advanced neuroimaging techniques, i.e. fibre tracking using diffusion tensor imaging, in the decision-making process.
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Background

Bilateral vocal cord paralysis (BVCP) is very rare in the
neonate, with the incidence estimated at 0.75 cases per
million births per year [1]. The series focused on congeni-
tal BVCP have highlighted two fairly well-balanced
aetiological groups: one idiopathic and the other associ-
ated with major comorbidities [2—4]. The latter group in-
cludes mainly neonates with perinatal encephalopathy,
neuromuscular diseases, chromosomal or genetic anomal-
ies and major malformations [3, 5]. The malformations
are generally intracranial in this context. Chiari 1 is the
“classic” condition, but choroid plexus cysts, ventriculo-
megaly, hydrocephalus, myelomeningocele, and brainstem
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dysgenesis have also been described [3, 6]. We report an
exceptional cause of isolated congenital BVCP, a unilateral
medullary defect, and discuss its pathogenesis and the
management strategy adopted in this specific case.

Case presentation

This boy was born at 37*% weeks of gestation from a
30-year-old mother. He was the first child of
non-consanguineous and healthy Caucasian parents. The
patient’s mother received prenatal care during preg-
nancy. At 12 weeks, Doppler ultrasound (US) examin-
ation revealed increased resistance in the uterine
arteries, and salicylic acid (100 mg daily) was prescribed.
From the 23rd week, several Doppler US scans showed
intrauterine growth retardation with persistent notching
in the right uterine artery and increased resistance in the
left. No scan revealed a malformation. Labour was
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spontaneous and the boy was born by vaginal delivery
using Thierry’s spatula because of abnormal foetal heart
rate. Apgar scores were 4, 7 and 8 at 1, 5 and 10 min, re-
spectively; arterial cord blood pH was 7.22 and cord lac-
tate was 5.1 mmol/L. Birth weight was 2045 g (0.6th
centile, according to customized French curves), length
was 51 c¢cm (91th centile), and head circumference was
32 c¢cm (10th centile). The placenta was hypotrophic
(280 g), with peripheral insertion of the cord and signs
of maternal vascular hypoperfusion, but no lesion of de-
cidual arteriopathy at pathological examination.

Respiratory distress, including suprasternal tugging
and stridor, was observed immediately following birth.
The neonate was bagged with air for a few minutes and
then supported with nasal continuous positive airway
pressure (CPAP). Prolonged apnoea associated with
bradycardia required caffeine from the first postnatal
day.

The first series of exams showed normal brain US and
normal serum electrolytes with calcium. Flexible fibreop-
tic laryngoscopy (FFL) performed on day 2 revealed
BVCP in the adducted position, causing severe airway
obstruction and prompting transfer to a medical and
surgical neonatal intensive care unit on day 3.

On admission, clinical examination revealed a wide an-
terior fontanel, enlarged coronal sutures, normal
temperature, and persistent respiratory distress despite
CPAP. Facial and ocular motricity were apparently nor-
mal, and the sucking reflex was present. The newborn
was intubated a few hours later for worsening respira-
tory distress and severe apnoea. Rigid laryngotracheal
endoscopy performed on day 4 under general anaesthe-
sia showed neither malformation nor other obstruction
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below the glottis. Chest X-ray and abdominal and car-
diac US were normal.

Neuroradiological investigations were performed be-
tween day 4 and day 15. The first brain MRI showed
a deformation of the bulbo-medullary junction with
an arched aspect in the anteroposterior direction
slightly deflected to the left. Enlarged subarachnoid
spaces and foramen magnum surrounded this junc-
tion. Cortical structures were normal, myelination was
age-appropriate, and the pituitary axis and corpus cal-
losum were normal (Fig. 1). Additional investigations
were conducted, with MRI and CT focused on the
cervico-occipital hinge. MRI showed a unilateral cavi-
tated lesion, with discontinuity between the upper
pons and the medulla oblongata. CT revealed verte-
bral anomalies, with hypoplasia of the right posterior
hemiarches of C1-C2, hypoplasia of the right
exo-occipital bone and a small clivus (Fig. 2). On day
15, MR angiography showed the absence of the distal
right vertebral artery (Fig. 3). MRI with fibre tracking,
using diffusion tensor imaging, confirmed hemisection
of the right lateral and median sensorimotor fascicles
(Fig. 4). Brainstem auditory evoked potentials and
fundus examination were normal.

Patient management included a left unilateral
endoscopic laser cordotomy on day 7 in order to
proceed to extubation on day 8. The procedure was
unsuccessful despite corticosteroid therapy and
CPAP, and the infant was reintubated after 3 h due
to the reappearance of stridor and major signs of
respiratory distress. Mechanical ventilation was
maintained until the end of the stay. The severity of
this situation prompted a multidisciplinary ethics

Fig. 1 Cerebral MRI. Axial (a), Sagittal (b) and Coronal (c) T2-weighted sequence showing deformation of the cervicomedullary junction with a
focal defect within the right medulla oblongata (black stars)
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Fig. 2 3D bone CT reconstruction showing hypoplasia of the posterior hemiarches of C1-C2 (a) and the right exo-occipital bone (b) and a small clivus

consultation and the decision was made to limit care
to the infant’s comfort. The parents were informed
and agreed with this decision, given the very poor
respiratory and neurosensory prognosis. The infant
died at the age of 4 weeks. An autopsy was not per-
formed. Array comparative genomic hybridization re-
vealed no abnormality.

Fig. 3 MR angiography showing hypoplasia and parietal irregularities
of the V1 and V2 segments (white arrow) and agenesis of the V3 and
V4 segments of the right vertebral artery (RVA). LVA: left vertebral artery

Discussion

BVCP is generally diagnosed in neonates by the end of
the first postnatal month [3]. Stridor is always a present-
ing feature, associated with respiratory difficulties of
variable severity in 80-90% of the cases [7]. Direct
visualization of the pharynx and larynx using FFL should
be systematic to investigate stridor and enable dynamic
study of vocal cord motility. This examination needs to
be completed with rigid laryngotracheal endoscopy

Fig. 4 Fibre tracking using diffusion tensor imaging showing the
section of the right lateral and median sensorimotor fascicles

(white arrow)
- J
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under general anaesthesia, for subglottic and tracheal as-
sessment [8]. Other methods for exploring the laryngeal
region have been proposed, but they are not routinely
used in most centres. Laryngeal US provides dynamic
morphometric parameters, and it may offer a less inva-
sive means of evaluating vocal fold motility in critically
ill neonates, which is particularly interesting for the
follow-up of paralysis [9, 10]. Laryngeal electromyog-
raphy can also help to better characterize laryngeal mo-
tility disorders and anticipate the prognosis of bilateral
laryngeal palsies. Interpretation, however, is not fully
standardized in neonates and children [11].

Unilateral or BVCP may occur in neonates following
thoracic surgery, including cardiovascular surgery -
mainly patent ductus arteriosus ligation [12] - and sur-
gery for oesophageal atresia and/or tracheo-oesophageal
fistula [13]. Outside of this context, additional examina-
tions are needed to determine the underlying cause [14].
MRI of the brain, neck, mediastinum and chest provide
detailed anatomical study of the brainstem, larynx, and
the vagus and recurrent laryngeal nerves [15].

The central neurological disorders or anatomic abnor-
malities potentially associated with BVCP, including
Chiari malformation alone or associated with myelome-
ningocele and hydrocephalus, can be detected on pre-
natal US examination. Williams syndrome, Moebius
syndrome, congenital myasthenic syndrome, 22q dele-
tion syndrome, and Down syndrome have occasionally
been associated with BVCP in the neonatal period. Small
series of familial congenital BVCP with variable inherit-
ance patterns and chromosomal alterations have also
been described [16].

In our case, MRI revealed a unilateral medullary de-
fect, which has been referenced in the medical literature
under the terms brainstem disconnection or brainstem
disruption. Brainstem disconnection is a very rare con-
genital anomaly of the infratentorial region, defined by
an absent brainstem segment. This regional discontinu-
ity may be observed at the pontomesencephalic level but
is more common at the pontomedullary level [17]. Most
reports have described extensive defects, with only a thin
cord of tissue between the rostral and caudal brainstem
portions [18]. An asymmetrical defect or, as in our case,
a unilateral defect is quite exceptional, having been re-
ported only once within the left medulla oblongata and
described by the authors as a brainstem disruption [19].

Prenatal diagnosis with foetal MRI has exceptionally
been performed in cases of brainstem disconnection
[20]. Polyhydramnios has been reported, probably in re-
lation with impaired prenatal swallowing. In our patient,
the sucking reflex was present, but it was difficult to de-
termine whether deglutition was normal. In addition, the
polyhydramnios may have been neutralized by the im-
paired uteroplacental perfusion. Cerebellar hypoplasia,
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sometimes detected with foetal US, has been observed in
all patients with a severe defect. Other brain abnormal-
ities have been inconsistently mentioned: absence of
cerebellar peduncles, hypoplastic or absent optic nerves,
absence of internal auditory canals, dilated cisterns or
cerebral ventricles, periventricular nodular heterotopia,
and hamartoma [20]. Extracerebral abnormalities, some-
times multiple in a single patient [21] and notably in-
volving the axial skeleton, heart, and digestive and
genitourinary tracts, have been noted in both pontome-
sencephalic and pontomedullary disconnections [17].

Arguments in favour of a genetic cause have mainly
been raised for bilateral lesions and extensive forms as-
sociated with malformations, such as the neuronal mi-
gration disorders [22]. The absence of gliotic lesions on
histological examination has also been interpreted in
favour of this aetiology [23]. From this perspective, the
brainstem dysgenesis results from an abnormal expres-
sion of segmentation genes or their upstream modula-
tors at the midbrain-hindbrain boundary [17, 18].
Animal models, however, do not unequivocally repro-
duce segmental dysgenesis [24], and no mutation of can-
didate genes, such as EN2, or causative variations on
whole exome sequencing have thus far been documented
in humans [17, 22, 23].

Focal lesions, whether associated or not with abnor-
malities of the vertebrobasilar arterial system, have led
to the alternative hypothesis of an acquired, i.e. disrup-
tive, mechanism [19]. The previously described vascular
abnormalities in brainstem disconnection were mainly
the absence or the extreme hypoplasia of the vertebral
or basilar arteries [20]. In our case, MR angiography
demonstrated hypoplasia and parietal irregularities of
the proximal segments and absence of the distal seg-
ments of the right vertebral artery. The unilateral,
well-defined, elliptical anteroposterior lesion of the
cervico-medullary junction in our patient may be con-
sistent with intrauterine ischaemia, but the precise tim-
ing of the insult is difficult to establish. During the early
embryonic period, the posterior circulation is exclusively
supplied by the internal carotid arteries through a series
of anastomoses that will regress with the development of
the vertebrobasilar arterial system [25]. The trigeminal,
otic and hypoglossal arteries intervene in the formation
of the basilar artery. The cervical portion of the vertebral
artery, i.e. the V1 and V2 segments, is formed by anasto-
moses from the first six cervical intersegmental arteries,
while the proatlantal intersegmental artery contributes
to the formation of the V3 and V4 segments. In our pa-
tient, the lack of visualization of the V3 and V4 seg-
ments of the right vertebral artery on MR angiography
may be explained by early occlusion or agenesis of the
proatlantal artery. However, the origins of these vascular
abnormalities may also be dysplastic or inflammatory, in
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parallel with the vascular involvement observed as early
as 12 weeks of gestation at the level of placenta. More-
over, the resulting ischaemia may have caused the focal
defect at the medullary level, the homolateral hypoplasia
of the exo-occipital bone, and the lateral mass of C1. In-
deed, these last two elements probably have a common
embryological origin, from the fourth occipital and the
first spinal sclerotomes, and they are also perfused by
the proatlantal artery [26]. The hypoplasia of the right
transverse process of C2 might be related to the hypo-
plasia of segments V1 and V2, its blood supply being
provided by the first intersegmental cervical artery [27].
Other causes of disruptions, such as alcohol or cocaine
exposure during pregnancy, have also been described in
brainstem disconnection [28, 29]. Nevertheless, the con-
troversy concerning a malformative or vascular origin of
this condition has not yet been resolved. The involve-
ment of genes critical for both the formation of the
brainstem and its vascularization should also not be
excluded [22].

In our patient, the initial decision for endoscopic sur-
gical treatment was taken before MRI with fibre tracking
demonstrated the unilateral medullary defect. However,
neither this treatment nor CPAP, which can potentiate
the results of an endoscopic procedure [4], prevented
rapid reintubation. Several elements were taken into ac-
count in the multidisciplinary decision to limit curative
care. The prognosis of brainstem disconnection is gener-
ally very poor, with respiratory failure occurring soon
after support is removed. Death generally occurs in the
first 2 months following birth, but cases of prolonged
survival under chronic respiratory assistance have occa-
sionally been described [22, 30]. Indeed, functional re-
spiratory outcome is very poor in the event of congenital
BVCP associated with major underlying comorbidity,
with resolution of the vocal cord immobility in only 14%
of patients and decannulation after 2 to 3 years in 25%
[3, 31]. More recently, survival without mechanical ven-
tilation has also been reported; however, gastrostomy
was systematically needed, as well as tracheostomy at
times [17, 19]. No or minimal achievement of develop-
mental milestones has been noted in children with large
defects [17]. In our case, characterized by a rather
well-circumscribed, unilateral defect, tractography was
particularly useful for reconstructing the course of the
fibre tracts within the brainstem [32]. This microstruc-
tural analysis highlighted a section with several bundles,
including the corticospinal, spinothalamic and spinocer-
ebellar tracts, and the medial lemniscus. In addition, the
topography of the lesion suggested the involvement of
parts of the spinal tract of the right trigeminal nerve, the
right nucleus tractus solitarii, the right cuneiform
nucleus and the medullary reticular formation. In our
patient, the BVCP also expressed the involvement of the
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ambiguus nuclei, which intervene in the motor innerv-
ation of the laryngeal muscles and adjoin the median
raphe at the lower part of the medulla. Thus, relatively
small lesions of the brainstem can have dramatic conse-
quences, as nicely expressed by Boltshauser et al.: “small
lesions-big problems” [19]. These authors reported on
two children, aged 19 months and 32 months, with
unilateral or asymmetrical defects. The examinations
confirmed the multiple and major consequences of these
lesions, in particular swallowing impairment, cranial
nerve deficits, hemiparesis, and motor, speech and
cognitive delays [19].

Conclusion

An isolated BVCP in a neonate can be caused by a me-
dullary defect, a very rare congenital anomaly. This case
report contributes to the phenotypic description of this
poorly understood entity, here characterized by a strictly
unilateral neurological and vascular defect and the ab-
sence of associated malformation. It also highlights the
complexity of the decision-making process and the help
provided by advanced neuroimaging techniques to ana-
lyse the hindbrain region.

Abbreviations
BVCP: Bilateral vocal cord paralysis; C1: 1st cervical vertebra; C2: 2nd cervical
vertebra; CPAP: Continuous positive airway pressure; CT: Computed tomography;
FFL: Flexible fibreoptic laryngoscopy; MRI: Magnetic resonance imaging;
US: Ultrasound

Acknowledgements
The authors thank C Stott for reviewing the manuscript and for editorial
assistance.

Funding
No financial support was received.

Availability of data and materials
The dataset supporting the conclusions of this article is contained within the
manuscript.

Authors’ contributions

CB reviewed the literature and prepared the manuscript; NL reviewed the
literature and prepared the manuscript; MA reviewed the literature and
prepared the manuscript; TR, MDM, CM and MM were involved in patient
care, helped to draft the manuscript and critically read the manuscript; CR
helped to draft the manuscript and critically read the manuscript; and GC
reviewed the literature, prepared the manuscript and is the corresponding
author. All authors read and approved the final version of the manuscript.

Ethics approval and consent to participate
Not applicable.

Consent for publication

Written informed consent was obtained from the parents of the patient for
publication of this case report and the accompanying images. A copy of the
signed consent form is available for review by the Editor of this journal.

Competing interests
The authors declare that they have no competing interests.



Brotelande et al. BMC Pediatrics (2018) 18:351

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in published
maps and institutional affiliations.

Author details

'Department of Neonatology and Paediatric Intensive Care Unit, Arnaud de
Villeneuve Hospital, Montpellier University Hospital, 371 Avenue du Doyen
Gaston Giraud, 34295 Montpellier, Cedex 5, France. 2Departmem of
Paediatric Radiology, Arnaud de Villeneuve Hospital, Montpellier University
Hospital, Montpellier, France. *Department of Otorhinolaryngology,
Gui-de-Chauliac Hospital, Montpellier University Hospital, Montpellier, France.
“Department of Neurosurgery, Gui-de-Chauliac Hospital, Montpellier
University Hospital, Montpellier, France. *Neonatal Intensive Care Unit,
Carémeau Hospital, Nimes University Hospital, Nimes, France. SDivision of
Neuroradiology, Hospital for Sick Children, University of Toronto, 555
University Avenue, Toronto, ON M5G1X8, Canada.

Received: 5 April 2018 Accepted: 29 October 2018
Published online: 09 November 2018

References

1. Murty GE, Shinkwin C, Gibbin KP. Bilateral vocal fold paralysis in infants:
tracheostomy or not? J Laryngol Otol. 1994;108:329-31.

2. Miyamoto RC, Parikh SR, Gellad W, Licameli GR. Bilateral congenital vocal
cord paralysis: a 16-year institutional review. Otolaryngol Head Neck Surg.
2005;133:241-5.

3. Nisa L, Holtz F, Sandu K. Paralyzed neonatal larynx in adduction. Case series,
systematic review and analysis. Int J Pediatr Otorhinolaryngol. 2013;77:13-8.

4. Lesnik M, Thierry B, Blanchard M, Glynn F, Denoyelle F, Couloigner V,
Garabedian N, Leboulanger N. Idiopathic bilateral vocal cord paralysis in
infants: case series and literature review. Laryngoscope. 2015;125:1724-8.

5. Holinger LD, Holinger PC, Holinger PH. Etiology of bilateral abductor vocal
cord paralysis: a review of 389 cases. Ann Otol Rhinol Laryngol. 1976;85:
428-36.

6. Kuo CH, Niu CK, Yu HR, Chung MY, Hwang CF, Hwang KP. Applications of
flexible bronchoscopy in infants with congenital vocal cord paralysis: a 12-
year experience. Pediatr Neonatol. 2008,49:183-8.

7. Jabbour J, Martin T, Beste D, Robey T. Pediatric vocal fold immobility:
natural history and the need for long-term follow-up. JAMA Otolaryngol
Head Neck Surg. 2014;14:428-33.

8. Daya H, Hosni A, Bejar-Solar |, Evans JN, Bailey CM. Pediatric vocal fold
paralysis: a long-term retrospective study. Arch Otolaryngol Head Neck Surg.
2000;126:21-5.

9. Wang LM, Zhu Q, Ma T, Li JP, Hu R, Rong XY, Xu W, Wang ZC. Value of
ultrasonography in diagnosis of pediatric vocal fold paralysis. Int J Pediatr
Otorhinolaryngol. 2011,75:1186-90.

10.  Ongkasuwan J, Ocampo E, Tran B. Laryngeal ultrasound and vocal fold
movement in the pediatric cardiovascular intensive care unit. Laryngoscope.
2017,127:167-72.

11. AlQudehy Z, Norton J, El-Hakim H. Electromyography in children’s laryngeal
mobility disorders: a proposed grading system. Arch Otolaryngol Head Neck
Surg. 2012;138:936-41.

12. Strychowsky JE, Rukholm G, Gupta MK, Reid D. Unilateral vocal fold paralysis
after congenital cardiothoracic surgery: a meta-analysis. Pediatrics. 2014;133:
e1708-23.

13. Morini F, lacobelli BD, Crocoli A, Bottero S, Trozzi M, Conforti A,
Bagolan P. Symptomatic vocal cord paresis/paralysis in infants operated
on for esophageal atresia and/or tracheo-esophageal fistula. J Pediatr.
2011;158:973-6.

14. Ada M, Isildak H, Saritzali G. Congenital vocal cord paralysis. J Craniofac
Surg. 2010,21:273-4.

15.  Parkes WJ, Propst EJ. Advances in the diagnosis, management, and
treatment of neonates with laryngeal disorders. Semin Fetal Neonatal Med.
2016;21:270-6.

16.  Hsu AK, Rosow DE, Wallerstein RJ, April MM. Familial congenital bilateral
vocal fold paralysis: a novel gene translocation. Int J Pediatr
Otorhinolaryngol. 2015;79:323-7.

17. Poretti A, Denecke J, Miller DC, Schiffmann H, Buhk JH, Grange DK, Doherty
D, Boltshauser E. Brainstem disconnection: two additional patients and
expansion of the phenotype. Neuropediatrics. 2015;46:139-44.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

32.

Page 6 of 6

Barkovich AJ, Millen KJ. Dobyns WB. A developmental and genetic
classification for midbrain-hindbrain malformations. Brain. 2009;132:3199-230.
Boltshauser E, Bauder F, Giarrana M, Hackenberg A, Lebon S, Roulet-Perez E,
Schmid R, Schmitt-Mechelke T, Poretti A. Prenatal brainstem disruptions:
small lesions-big problems. Neuropediatrics. 2017;48:350-5.

Carr JR, Brandon J, Ross B, Bryant SO. Fetal MRI diagnosis of brainstem
disconnection with novel inner ear anomalies. Prenat Diagn. 2014;34:
1018-21.

Duffield C, Jocson J, Wootton-Gorges SL. Brainstem disconnection. Pediatr
Radiol. 2009;39:1357-60.

Okumura A, Lee T, Shimojima K, Hisata K, Shoji H, Takanashi J, Yamamoto T,
Shimizu T, Barkovich AJ. Brainstem disconnection associated with nodular
heterotopia and proatlantal arteries. Am J Med Genet A. 2009;149A:2479-83.
Sarnat HB, Benjamin DR, Siebert JR, Kletter GB, Cheyette SR. Agenesis of the
mesencephalon and metencephalon with cerebellar hypoplasia: putative
mutation in the EN2 gene--report of 2 cases in early infancy. Pediatr Dev
Pathol. 2002;5:54-68.

Lumsden A. Segmentation and compartition in the early avian hindbrain.
Mech Dev. 2004;121:1081-8.

Gregg L, Gailloud P. The role of the primitive lateral basilovertebral
anastomosis of padget in variations of thevertebrobasilar arterial system.
Anat Rec (Hoboken). 2017;300:2025-38.

Huang R, Zhi Q, Patel K, Wilting J, Christ B. Contribution of single somites to
the skeleton and muscles of the occipital and cervical regions in avian
embryos. Anat Embryol (Berl). 2000;202:375-83.

Padget DH. Designation of the embryonic intersegmental arteries in
reference to the vertebral artery and subclavian stem. Anat Rec. 1954;119:
349-56.

Boix H, Ortega-Aznar A, Vazquez E, Salcedo S, Roig-Quilis M. Brainstem
dysgenesis in an infant prenatally exposed to cocaine. Pediatr Neurol. 2010;
42:295-7.

Yigazu P, Kalra V, Altinok D. Brainstem disconnection in a late preterm
neonate with classic features of fetal alcohol syndrome. Pediatr Neurol.
2014;51:745-6.

Jurkiewicz E, Dobrzaniska A, Nowak K, Pleskaczyrska A. MRI findings in the
young infant with brainstem disconnection and extracerebral features. Report
of one case and review of the literature. Brain and Dev. 2010;32:495-8.

Funk RT, Jabbour J, Robey T. Factors associated with tracheotomy and
decannulation in pediatric bilateral vocal fold immobility. Int J Pediatr
Otorhinolaryngol. 2015;79:895-9.

Jissendi-Tchofo P, Severino M, Nguema-Edzang B, Toure C, Soto Ares G,
Barkovich AJ. Update on neuroimaging phenotypes of mid-hindbrain
malformations. Neuroradiology. 2015;57:113-38.

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

 rapid publication on acceptance

o support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations
e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Abstract
	Background
	Case presentation
	Conclusions

	Background
	Case presentation
	Discussion
	Conclusion
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Publisher’s Note
	Author details
	References

