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Abstract

:

Holoprosencephaly is a complex human brain malformation resulting from incomplete cleavage of the prosencephalon into both hemispheres. Congenital nasal pyriform aperture stenosis (CNPAS) is sometimes found in patients with mild forms of holoprosencephaly. Surgical treatment is required. Low-invasive surgical approaches involve balloon dilation of the pyriform opening. We present the case of an 8-day-old girl diagnosed with holoprosencephaly, CNPAS, and the presence of a solitary median maxillary central incisor. Once examined by neonatologist, geneticist, pneumologist, otolaryngologist, and pediatric dentist, a combined otolaryngological–orthodontic approach was used. The obstruction of the right nasal cavity was treated by widening the nasal cavities and stabilizing them with a balloon dilation technique. After surgery, the respiratory space was increased by applying a neonatal palatal expander plate (NPEP) considering the palatal deformity: ogival shaped, anterior vertex growth direction, reduction of transverse diameters. The NPEP promoted distraction of the median palatine suture and assisted the nasal dilation. Therefore, after the insertion of NPEP, the physiological sucking–swallowing mechanism was activated. In infants with CNPAS, NPEP can be useful to ensure the safe stability of nasal dilation. A multidisciplinary approach is fundamental. In our experience, the close collaboration between an otolaryngologist and orthodontist is essential for the management of the patient with CNPAS.
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1. Introduction


Holoprosencephaly (HPE, MIM 236100) is a complex human brain malformation resulting from the incomplete cleavage of the prosencephalon into the right and left hemispheres, which occurs between the 18th and the 28th days of gestation [1]. The prevalence of HPE is around 1 in 10,000 births [2]. Approximately 25–50% of individuals with HPE have a chromosome abnormality, the most common being trisomy 13 [1,3]. Forebrain malformations are always associated with facial anomalies [1,4]. HPE is classified into different types based on the degree of severity. The most severe cases (alobar HPE) present cyclopia, anophthalmia, and synophthalmia, with or without a proboscis between the eyes, and are not compatible with life. Less severe cases (semilobar and lobar HPE) are often characterized by hypotelorism, a depressed nasal bridge, a prominent mid-palatal ridge, a midline cleft lip and palate, and the presence of a solitary median maxillary central incisor (SMMCI) [4,5]. Studies have reported an association between SMMCI and congenital nasal pyriform aperture stenosis (CNPAS) in patients with mild forms of holoprosencephaly [5,6]. In the case of HPE with SMMCI, the deficiency of lateral growth from the midline results in the premature fusion of the spreading dental laminae from the left and right sides in the maxilla. The inductive epithelium and mesenchymal condensations appear to merge, leaving the two distal halves of what would have been the two primary maxillary central incisors fused together, at this early stage of development, precisely in the midline. The permanent successor, arising from the palatal aspect of the primary tooth germ lamina, likewise forms a single symmetrical incisor of the permanent series and, again, consists of the distal halves of the permanent left and right central incisor teeth. The symmetry of the median-placed central incisors of both dentitions is virtually perfect [5,6]. CNPAS is a rare form of nasal airway obstruction caused by the overgrowth of the medial nasal process of the maxilla in the nasal opening. Since infants must breathe through the nose by up to 6–8 weeks of life, the increased resistance of the nasal airways due to the stenosis may cause a functional airway obstruction with consequent episodes of apnea and cyanosis [7,8]. Numerous treatments have been proposed for CNPAS, based on the severity of nasal respiratory failure. For mild cases, several studies recommend the use of nasal decongestants or corticosteroids, saline irrigations, anti-reflux drugs, humidifiers, oral breathing devices, or non-invasive positive pressure ventilation [9,10]. In the most severe cases, surgical correction of the stenosis is performed during infancy The traditional surgical technique is to perform an osteotomy of the lateral nasal wall followed by the placement of nasal stents, which are kept in place for 5–28 days [11]. Today, less invasive approaches involve balloon dilation of the pyriform opening, with or without nasal stent placement [12]. A recent paper reported the use of this new minimally invasive method (balloon dilatation) to achieve nasal patency, accompanied by the use of intraoral devices to promote and stabilize the dilatation [13]. The objective of this report is to present a clinical case of holoprosencephaly complicated by stenosis of the pyriform opening with acute respiratory failure and to propose a combined multidisciplinary otorhinolaryngology–orthodontic approach.




2. Case Report


We present the rare case of an infant with HPE and CNPAS complicated by acute respiratory failure. The concomitant presence of an SMMCI was treated using a combined otorynolaringological–orthodontic approach. The multidisciplinary minimally invasive treatment involved a team comprising a neonatologist, a geneticist, a pneumologist, an ENT (ear, nose, and throat) doctor, and a pediatric dentist. The following is a detailed description of the events, the therapeutic path, and the long-term follow-up of the patient. An 8-day-old girl was admitted to the Neonatal Intensive Care Unit (TIN) of the Bambino Gesù Children’s Hospital (Rome, Italy). The baby was born at 39 weeks by caesarean section, with a birth weight of 2820 g and a length of 47.3 cm. The Apgar score was 8/10. During the clinical examination at birth, the following clinical signs were observed: cutaneous syndactyly of the II-III toes bilaterally, hypotelorism, low weight, and short stature. Respiratory distress and cyanosis ensued after a few hours. The patient was ventilated with neo-puff without much benefit. The infant was then administered CPAP (continuous positive airway pressure) and was intubated on the second day of life due to the worsening of her overall condition. Brain and facial mass MRI (magnetic resonance imaging) were performed at the birth hospital, revealing a congenital nasal pyriform aperture stenosis and the presence of a solitary median maxillary central incisor. On the eighth day of life, the patient was referred to the Bambino Gesù Children’s Research Hospital where she underwent the following tests: abdominal ultrasound, eye examination with negative results, GH, FSH, LH, cortisol, thyroid hormones, and ACTH levels, the results of which were all in the normal range. The infant also underwent an echocardiogram, which showed evidence of pervious foramen ovale. After evaluation at the Medical Genetics Department, molecular analysis showed a heterozygous variant of the GLI2 gene, for holoprosencephaly, which is classified as a class IV variant arising de novo, and which was absent in the DNA extracted from the blood of the parents. Pathogenetic variants of the GLI2 gene are associated with an autosomal dominant form of holoprosencephaly (HOLOPROSENCEPHALY 9; OMIM # 610829) with variable phenotypic expression and, in some cases, incomplete penetrance [14]. The infant was then evaluated by the ENT doctor, who performed a nasal endoscopy using a flexible laryngoscope under general anesthesia, which revealed the presence of mesenchymal bridges obstructing the right nasal cavity and a left-convex dislocation of the nasal septum. After this evaluation, the ENT doctor decided to proceed with the lysis of mesenchymal bridges, and subsequently a gentle dilation of the nasal cavities (Hegar of increasing caliber up to 4) was performed. After the widening of the nasal cavities, stabilization was achieved through balloon dilation, and two trans-nasal stents with small calibers (2.5 in one nasal cavity and 3 in the other) were placed. The infant was simultaneously evaluated by a pediatric dentist who specialized in orthodontics. The dentist found evidence of the following clinical signs: the palate had a markedly ogival shape, with growth in the direction of the anterior vertex; the median raphe palatine was severely depressed; and there was a reduction in the transverse diameters of the upper jaw. In the operating room, the dental team took an impression of the palate with addition silicone in order to create an intraoral device (Figure 1). After the surgery, given the presence of the characteristic palatal deformity, a decision was made to increase the respiratory space by applying a device. On the same day, a neonatal palatal expander plate (NPEP) [13] was built by a dental technician and positioned in the upper arch (Figure 2). The device was a mucous anchoring plate made of acrylic resin, which was extended buccally with flanges to ensure good retention [13]. A screw was placed at the center of device, to correspond with the palate median suture. To avoid any risk of suffocation, the team inserted a safety wire through two holes in the canine region. The safety wire was a surgical silk suture thread (without a needle) of approximately 70 cm in length. The orthopedic maxillary expansion therapy was initiated in order to favor the distraction of the palate at the level of the median palatine suture and assist the nasal dilation. A precise protocol for the use of the orthodontic device was established, and the child responded very well. The saturation and frequency remained regular during the insertion maneuvers, and the child kept the device in her mouth throughout the procedure. We recommend activating the central screw of the device 24 h after insertion (Figure 3). In this case, for the first day, the infant wore the device for two hours, three times a day. On the subsequent days, the device was worn for three hours, three times a day, under the constant supervision of the parents or caregivers. Immediately after the insertion of the device, the patient started swallowing and sucking normally, demonstrating that the physiological sucking–swallowing mechanism had been activated. Five days after surgery, the stents were removed and the girl was able to breath on her own, with a few episodes of desaturation that spontaneously resolved. Subsequently, the clinical condition of the child remained stable, and the follow-up visits with the ENT specialists and the orthodontist showed positive results: she resumed spontaneous breathing with good saturation (97%), her bottle feeding was going well and she had gained weight, and a valid nasal respiratory space had been secured, which was associated with the rosy appearance of the soft tissues of the oral cavity. After 15 days, the use of the expansion device was suspended and the patient was discharged. The patient underwent follow-up visits once a month for the first six months and thereafter every six months for the monitoring of respiratory function and airway patency, dental eruption, the stability and health of the median maxillary central incisor, and the growth of the jaw complex (Figure 4).




3. Discussion


Holoprosencephaly (HPE) is one of the more common malformations of the brain and face in humans and represents a wide clinical spectrum of disorders ranging from simple features, such as a single central maxillary incisor or closely spaced eyes, to extreme forms like a single cyclopic eye and superior proboscis [14]. HPE is deemed by most researchers to be caused by the genetic loss or mutational dysfunctions of minimal critical regions and relatively rare cytogenetic rearrangements that serve as core genetic susceptibility factors for humans in different risk factor genes at each key locus: SHH at 7q36, SIX3 at 2p21, ZIC2 at 13q3.2, and TGIF at 18p11.3 [15]. When examined carefully, mutations in these or related genes have been shown to result in proteins with diminished biological function: SHH, SIX3, GLI2, TGIF, ZIC2, DISP, and the NODAL pathway [16]. Recently, gene–environment interactions have been evaluated and the risk and/or severity of HPE has been linked with maternal pregestational diabetes, alcohol, folic acid, allergies, consumer products, including foods rich with cholesterol in vitro fertilization, and X-rays [17]. Accurate prenatal evaluation is important because an in vivo diagnosis can be established using magnetic resonance imaging (MRI), and the severity of imaging findings is correlated with postnatal morbidity and mortality in HPE. This early diagnostic approach is highly useful for the evaluation, management, and genetic counseling that families can receive during a pregnancy [18]. In the clinical case described, the diagnosis, based on the patient’s clinical condition, was postnatal thanks to MRI and genetic analysis. This avenue of diagnosis is crucial given the heterogeneity of the disease, which, in a more severe form, would have been intercepted during pregnancy. In accordance with the literature [19] and based on our experience, the provision of information and support to families experiencing HPE in a loved one is unequivocally challenging. Pertinent information and medical guidance, which serve as the foundation for shared decision-making, are key to providing “personalized medicine” to the families of patients affected by HPE that we encounter. This is also fundamental with the less common varieties, like the one we reported, since their recognition in the second trimester can be quite difficult compared to the severe varieties that are easily detected during first-trimester screening [20]. As expected, a great deal of parental anxiety is associated with HPE as there is no clear prognosis concerning the condition. While severe cases of HPE are associated with high rates of early mortality, children with milder forms can survive beyond infancy [20,21]. However, survival is associated with facial anomalies, hydrocephalus, seizures, motor impairment, hypothalamic or endocrine dysfunction, and gastrointestinal and respiratory problems. Genetic studies, karyotyping, FISH, and/or syndromic specific testing (including isolated HPE genetic testing) are useful in determining the key role of a specific familial genetic or chromosomic abnormality and in predicting the risk in future pregnancies. Children surviving with HPE require a multidisciplinary approach and management from different medical and surgical specialties, as well as rehabilitation to ensure successful patient care and parental support [19,21]. One of the most frequent anomalies associated with HPE is the median maxillary single central incisor (SMMCI) and congenital nasal pyriform aperture stenosis (CNPAS) [22,23]. The diagnosis and management of clinical cases with this association are described in the literature [6,7,24,25,26,27,28,29,30,31,32,33] (Table 1). From the earliest to most recent studies, such as our case, the diagnosis of minor forms of HPE has been reported to occur after birth, mainly due to respiratory difficulty and the need for assistance (intubation in intensive care). Imaging tests such as CT and MRI help to evaluate the presence of nasal obstruction [6,7,22,23,24,25,26,27,28,29,30,31,32,33]. The presence of SMMCI is often incidentally detected [6,7,24,25,26,27,28,29,30,31,32,33]. Over the years, the diagnosis has been increasingly supported by postnatal genetic analyses, and the current trend strongly encourages the evaluation of risk factors during pregnancy and early diagnosis as early as the fetal period so that the necessary postnatal approach can be planned [18].



The treatment of stenosis of the pyriform opening associated with holoprosencephaly can be limited to medical therapy for mild cases [6,25,26,29,33]. However, the most severe cases require correction of the anatomical defect with surgery [7,24,27,28,29,30,31,32]. In the traditional approach, surgery is followed by the placement of nasal stents to stabilize the dilatation [7,24,27,28,29,30,31,32]; despite the effectiveness of this approach, it can lead to several post-operative complications, like restenosis, nasolacrimal duct injury, anomalies of the facial mass development, and abnormal dentition [34]. The balloon dilation approach, on the other hand, represents an innovative and minimally invasive method that can be performed with or without the placement of nasal stents [12]. The plasticity of the bone in infants enables the immediate resolution of the stenosis, even if a risk of restenosis has been indicated [35]. Thus, nasal stents can be used to stabilize the dilation, although frequent damage to the nasal mucosa has been reported [15]. Therefore, new alternatives might be considered to stabilize the results. The approach involving a rapid palate expander is frequently used in children from four years of age to increase the transverse diameters of the palate, widen the floor of the nasal cavities, improve the patency of the upper airways and enhance respiratory function in cases of obstruction [35,36]. A different orthodontic approach, for children of the same age, entails the use of a quad-helix to obtain an early expansion followed by a second step of expansion with the same appliance after eruption of the permanent dentition is complete, combined with the backwards movement of the posterior teeth and opening space with fixed multibracket therapy for the missing central incisor (prosthetically added) [31]. Ruling out or confirming the presence of syndromic or non-syndromic dental abnormalities to determine the best direction for early orthodontic approaches will improve the developmental prognosis of the young patient if correctly diagnosed and fully understood [37,38]. Recent experiences support the advantage of using orthodontic devices with newborn patients affected by syndromic or non-syndromic abnormalities involving oral structures [39,40]. From a diagnostic standpoint, the condition treated in this case could hardly have been misdiagnosed, but it was the contribution of all of the involved specialist skills that made the difference. Therefore, we suggest that the use of NPEP in infants with CNPAS can help ensure the stability of the dilation, without complications. Indeed, NPEP represents a safe, non-invasive, and totally reversible approach. Taking dental impressions while the patient is under general anesthesia is ideal since the materials do not introduce any risk of suffocation and the device has excellent grip and stability as it exploits the undercuts present especially at the pre-maxilla level. Moreover, the device can be immediately removed by the medical staff or the caregiver should any adjustments or changes ever been needed, based on the possible rapid growth of the child or other problems. It is essential to educate the parents, the caregiver, and medical staff on how to insert, activate, and remove the device. Insertion should occur within a minimum of 24 h and a maximum of 48 h after the realization of the impression to avoid problems with device retention due to the rapid growth of the infant. Additionally, the stability of vital parameters should be monitored continuously. After 15 days, the obtained expansion should be stable and the treatment must be stopped, to avoid interference with the physiological growth of the craniofacial region. Also of interest was the patient’s reaction to the insertion of the device. She immediately activated the physiological mechanism of sucking, swallowing, and breathing. From the 13th week of intrauterine life, a fetus can swallow and, at the 5th month, it can suck its thumb [41]. Sucking is a complex neuromuscular activity that is regulated by a bulbar center, whose activity is synchronous with that of the breathing center. At birth, there is a 1:1 ratio between sucking and swallowing, while breathing occurs between one swallowing act and the next [42]. In newborns, there are three important acts to coordinate: sucking, swallowing, and nasal breathing [43]. An imbalance caused by mechanical obstruction of nasal breathing negatively affects the entire mechanism of sucking–deglutition–breathing [31]. Therefore, we hypothesize that in the case described above, the intervention of nasal dilation resulted in the patency of the airway, and that the insertion of NPEP into the oral cavity induced a new higher position of the tongue and swallowing mechanism. Moreover, the correct positioning of the tongue and the activation of the entire mechanism of sucking–deglutition–breathing could have allowed the development of the upper jaw in a transverse direction. Thus, it is crucial to monitor the patient’s craniofacial growth over time as a new maxillary expansion treatment may later be needed. Furthermore, the presence of the SMMCI, as reported in previous research, could significantly influence the arch form, in the direction of the anterior vertex, and the development of the maxilla–mandibular complex [32]. Concerning the possible limitations of our study, we hope to document the evolution of the patient’s clinical conditions with a more detailed follow-up over time. With a few exceptions [31], the criticality of the cases documented in the literature is reflected in the follow-up. However, often, emergency management and clinical checks are only documented up to around the third year of life. Subsequent evaluations help to provide a broader vision of the anatomical–functional evolution of these conditions and their improved management from the moment of diagnosis and onward as the patient grows.




4. Conclusions


In this case, the multidisciplinary approach involving a pneumologist, geneticist, ENT doctor, neonatologist, and pediatric dentist was fundamental. In particular, the close collaboration between the ENT doctor and orthodontist was essential for the management of this patient with congenital nasal pyriform aperture stenosis. The nasal patency ensured by the surgical procedure and the maxillary expansion provided interesting results in terms of good stability and dimensions and palate width. We conclude that this approach may be considered as a treatment for infants with holoprosencephaly.







Author Contributions


A.G. follow-ups and supervised the entire process from clinical examination to writing of the manuscript. G.C.D.V. performed the surgery, followed up the patient and contributed to revision the manuscript. E.S. followed up the patient and contributed to writing of the manuscript. G.M. contributed to the revision of the manuscript. W.M. followed up the patient, reviewed the literature and contributed to writing of the manuscript. G.B. contributed to the revision of the manuscript. M.B.C.T. contributed to revision of the manuscript. PE designed and built the orthodontic device. A.P. reviewed the literature and contributed to draft the final version of the manuscript. A.B. examined the patient and defined the genetic profile. P.F. reviewed the literature and wrote the manuscript. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the Italian Ministry of Health with “Current Research funds”.




Institutional Review Board Statement


Not applicable.




Informed Consent Statement


Consent for publication was provided by the parents, whom we thank for their help.




Data Availability Statement


The data presented in this study are available on request from the corresponding author. The data are not publicly available due to privacy.




Acknowledgments


The authors acknowledge the Pediatric Semintensive Area (ASP) of the Bronchopneumology Unit of Bambino Gesù Children’s Hospital, IRCCS, Patrizio Evangelista (Orthonet, Rome, Italy), for designing the orthodontic device, and the parents of the little patient for having supported this research.




Conflicts of Interest


The authors declare no conflicts of interest.




Abbreviations


HPE: Holoprosencephaly; SMMCI: Solitary Median Maxillary Central Incisor; CNPAS: Congenital Nasal Pyriform Aperture Stenosis; TIN: Neonatal Intensive Care Unit; CPAP: Continuous Positive Airway Pressure; MRI: Magnetic Resonance Imaging; NPEP: Neonatal Palatal Expander Plate; ENT: Ear, Nose, and Throat.




References


	



Society for Maternal-Fetal Medicine (SMFM); Monteagudo, A. Holoprosencephaly. Am. J. Obstet. Gynecol. 2020, 223, B13–B16. [Google Scholar] [CrossRef]

	



Winter, T.C.; Kennedy, A.M.; Woodward, P.J. Holoprosencephaly: A survey of the entity, with embryology and fetal imaging. Radiographics 2015, 35, 275–290. [Google Scholar] [CrossRef]

	



Okoye, J.O.; Ngokere, A.A. Are the prevalence of Trisomy 13 and the incidence of severe holoprosencephaly increasing in Africa? Prenat. Diagn. 2020, 40, 1616–1617. [Google Scholar] [CrossRef]

	



Pucciarelli, V.; Bertoli, S.; Codari, M.; Veggiotti, P.; Battezzati, A.; Sforza, C. Facial Evaluation in Holoprosencephaly. J. Craniofac. Surg. 2017, 28, e22–e28. [Google Scholar] [CrossRef]

	



Malta, M.; AlMutiri, R.; Martin, C.S.; Srour, M. Holoprosencephaly: Review of Embryology, Clinical Phenotypes, Etiology and Management. Children 2023, 10, 647. [Google Scholar] [CrossRef]

	



Chan, E.Y.; Ng, D.K.; Chong, A.S.; Hui, Y.; Fu, Y.M. Congenital nasal pyriform aperture stenosis with semilobar holoprosencephaly. Int. J. Pediatr. Otorhinolaryngol. 2005, 69, 93–96. [Google Scholar] [CrossRef]

	



Serrano, T.L.; Pfeilsticker, L.; Silva, V.; Hazboun, I.; Paschoal, J.; Maunsell, R.; Sakano, E. Newborn nasal obstruction due to congenital nasal pyriform aperture stenosis. Allergy Rhinol. 2016, 7, 37–41. [Google Scholar] [CrossRef]

	



Reeves, T.D.; Discolo, C.M.; White, D.R. Nasal cavity dimensions in congenital pyriform aperture stenosis. Int. J. Pediatr. Otorhinolaryngol. 2013, 77, 1830–1832. [Google Scholar] [CrossRef]

	



Sesenna, E.; Leporati, M.; Brevi, B.; Oretti, G.; Ferri, A. Congenital nasal pyriform aperture stenosis: Diagnosis and management. Ital. J. Pediatr. 2012, 38, 28. [Google Scholar] [CrossRef]

	



Nakwan, N.; Songjamrat, A.; Phoophitphong, R.; Smathakanee, C. Respiratory distress in neonate due to congenital nasal pyriform aperture stenosis. BMJ Case Rep. 2010, 2010, bcr1220092562. [Google Scholar] [CrossRef]

	



Lee, K.S.; Yang, C.C.; Huang, J.K.; Chen, Y.C.; Chang, K.C. Congenital pyriform aperture stenosis: Surgery and evaluation with three-dimensional computed tomography. Laryngoscope 2002, 112, 918–921. [Google Scholar] [CrossRef]

	



Gungor, A.A.; Reiersen, D.A. Balloon dilatation for congenital nasal piriform aperture stenosis (CNPAS): A novel conservative technique. Am. J. Otolaryngol. 2014, 35, 439–442. [Google Scholar] [CrossRef]

	



Sitzia, E.; Santarsiero, S.; Tucci, F.M.; De Vincentiis, G.; Galeotti, A.; Festa, P. Balloon dilation and rapid maxillary expansion: A novel combination treatment for congenital nasal pyriform aperture stenosis in an infant. Ital. J. Pediatr. 2021, 47, 189. [Google Scholar] [CrossRef]

	



Beames, T.G.; Lipinski, R.J. Gene-environment interactions: Aligning birth defects research with complex etiology. Development 2020, 147, dev191064. [Google Scholar] [CrossRef]

	



Roessler, E.; Muenke, M. The molecular genetics of holoprosencephaly. Am. J. Med. Genet. C Semin. Med. Genet. 2010, 154C, 52–61. [Google Scholar] [CrossRef]

	



Tekendo-Ngongang, C.; Muenke, M.; Kruszka, P. Holoprosencephaly Overview. In GeneReviews® [Internet]; Adam, M.P., Feldman, J., Mirzaa, G.M., Pagon, R.A., Wallace, S.E., Bean, L.J.H., Gripp, K.W., Amemiya, A., Eds.; University of Washington: Seattle, WA, USA, 2024. [Google Scholar]

	



Addissie, Y.A.; Troia, A.; Wong, Z.C.; Everson, J.L.; Kozel, B.A.; Muenke, M.; Lipinski, R.J.; Malecki, K.M.C.; Kruszka, P. Identifying environmental risk factors and gene-environment interactions in holoprosencephaly. Birth Defects Res. 2021, 113, 63–76. [Google Scholar] [CrossRef]

	



Kousa, Y.A.; du Plessis, A.J.; Vezina, G. Prenatal diagnosis of holoprosencephaly. Am. J. Med. Genet. C Semin. Med. Genet. 2018, 178, 206–213. [Google Scholar] [CrossRef]

	



Hadley, D.W.; Kruszka, P.; Muenke, M. Challenging issues arising in counseling families experiencing holoprosencephaly. Am. J. Med. Genet. C Semin. Med. Genet. 2018, 178, 238–245. [Google Scholar] [CrossRef]

	



Montaguti, E.; Cariello, L.; Brunelli, E.; Youssef, A.; Livi, A.; Salsi, G.; Pilu, G. Sonography of fetal holoprosencephaly: A guide to recognize the lesser varieties. J. Matern. Fetal Neonatal Med. 2022, 35, 9717–9723. [Google Scholar] [CrossRef]

	



Kaliaperumal, C.; Ndoro, S.; Mandiwanza, T.; Reidy, F.; McAuliffe, F.; Caird, J.; Crimmins, D. Holoprosencephaly: Antenatal and postnatal diagnosis and outcome. Childs Nerv. Syst. 2016, 32, 801–809. [Google Scholar] [CrossRef]

	



Hall, R.K.; Bankier, A.; Aldred, M.J.; Kan, K.; Lucas, J.O.; Perks, A.G. Solitary median maxillary central incisor, short stature, choanal atresia/midnasal stenosis (SMMCI) syndrome. Oral. Surg. Oral. Med. Oral. Pathol. Oral. Radiol. Endod. 1997, 84, 651–662. [Google Scholar] [CrossRef]

	



Huang, J.K.; Cheng, S.J.; Lin, J.C.; Sheu, C.Y. Congenital nasal pyriform aperture stenosis and single central maxillary incisor: CT and MRI findings. Clin. Imaging 1998, 22, 393–397. [Google Scholar] [CrossRef]

	



Royal, S.A.; Hedlund, G.L.; Wiatrak, B.J. Single central maxillary incisor with nasal pyriform aperture stenosis--CT diagnosis prior to tooth eruption. Pediatr. Radiol. 1999, 29, 357–359. [Google Scholar] [CrossRef]

	



Levison, J.; Neas, K.; Wilson, M.; Cooper, P.; Wojtulewicz, J. Neonatal nasal obstruction and a single maxillary central incisor. J. Paediatr. Child. Health 2005, 41, 380–381. [Google Scholar] [CrossRef]

	



Tagliarini, J.V.; Nakajima, V.; Castilho, E.C. Congenital nasal pyriform aperture stenosis. Braz. J. Otorhinolaryngol. 2005, 71, 246–249. [Google Scholar] [CrossRef]

	



Devambez, M.; Delattre, A.; Fayoux, P. Congenital nasal pyriform aperture stenosis: Diagnosis and management. Cleft Palate Craniofac J. 2009, 46, 262–267. [Google Scholar] [CrossRef]

	



Blackmore, K.; Wynne, D.M. A case of solitary median maxillary central incisor (SMMCI) syndrome with bilateral pyriform aperture stenosis and choanal atresia. Int. J. Pediatr. Otorhinolaryngol. 2010, 74, 967–969. [Google Scholar] [CrossRef]

	



Thomas, E.M.; Gibikote, S.; Panwar, J.S.; Mathew, J. Congenital nasal pyriform aperture stenosis: A rare cause of nasal airway obstruction in a neonate. Indian. J. Radiol. Imaging 2010, 20, 266–268. [Google Scholar] [CrossRef]

	



Visvanathan, V.; Wynne, D.M. Congenital nasal pyriform aperture stenosis: A report of 10 cases and literature review. Int. J. Pediatr. Otorhinolaryngol. 2012, 76, 28–30. [Google Scholar] [CrossRef]

	



Lygidakis, N.N.; Chatzidimitriou, K.; Petrou, N.; Lygidakis, N.A. Solitary median maxillary central incisor syndrome (SMMCI) with congenital nasal puriform aperture stenosis: Literature review and case report with comprehensive dental treatment and 14 years follow-up. Eur. Arch. Paediatr. Dent. 2013, 14, 417–423. [Google Scholar] [CrossRef]

	



Moreddu, E.; Le Treut-Gay, C.; Triglia, J.M.; Nicollas, R. Congenital nasal pyriform aperture stenosis: Elaboration of a management algorithm from 25 years of experience. Int. J. Pediatr. Otorhinolaryngol. 2016, 83, 7–11. [Google Scholar] [CrossRef]

	



Ilhan, O.; Pekcevik, Y.; Akbay, S.; Ozdemir, S.A.; Memur, S.; Kanar, B.; Kirbiyik, O.; Ozer, E.A. Solitary median maxillary central incisor, holoprosencephaly and congenital nasal pyriform aperture stenosis in a premature infant: Case report. Arch. Argent. Pediatr. 2018, 116, e130–e134. [Google Scholar] [CrossRef]

	



Weiss, K.; Kruszka, P.S.; Levey, E.; Muenke, M. Holoprosencephaly from conception to adulthood. Am. J. Med. Genet. C Semin. Med. Genet. 2018, 178, 122–127. [Google Scholar] [CrossRef]

	



Esen, E.; Bayar Muluk, N.; Altintoprak, N.; Ipci, K.; Cingi, C. Pyriform aperture enlargement in all aspects. J. Laryngol. Otol. 2017, 131, 476–479. [Google Scholar] [CrossRef]

	



Hallikainen, J.; Seppa, J.; Kellokoski, J. Novel maxillary enlargement technique in congenital nasal pyriform aperture stenosis: A case report and literature review. BMJ Case Rep. 2021, 14, e240149. [Google Scholar] [CrossRef]

	



Xiaobing, L. Dental alveolar bone and dental arch remodeling in children: Orthodontic diagnosis and treatments based on individual child arch development. Hua Xi Kou Qiang Yi Xue Za Zhi 2016, 34, 556–563. [Google Scholar] [CrossRef]

	



Putrino, A.; Caputo, M.; Galeotti, A.; Marinelli, E.; Zaami, S. Type I Dentin Dysplasia: The Literature Review and Case Report of a Family Affected by Misrecognition and Late Diagnosis. Medicina 2023, 59, 1477. [Google Scholar] [CrossRef]

	



Choo, H.; Khosla, R.K.; Meister, K.D.; Wan, D.C.; Lin, H.C.; Feczko, R.; Bruckman, K.; Hopkins, E.; Truong, M.T.; Lorenz, H.P. Nonsurgical Orthodontic Airway Plate Treatment for Newborns With Robin Sequence. Cleft Palate Craniofac J. 2022, 59, 403–410. [Google Scholar] [CrossRef]

	



Galeotti, A.; Aristei, F.; Putrino, A.; Vallese, S.; Figà-Talamanca, L.; Vallogini, G.; Garret-Bernardin, A.M.; Festa, P.; Fabio Magliarditi, F.; Caputo, M. Oral self-inflicted accidental trauma in patients with neurological disorders: A case report of dental management in infants with cerebellar hypoplasia. J. Clin. Pediatr. Dent. 2024, 48, 196–203. [Google Scholar] [CrossRef]

	



Delaney, A.L.; Arvedson, J.C. Development of swallowing and feeding: Prenatal through first year of life. Dev. Disabil. Res. Rev. 2008, 14, 105–117. [Google Scholar] [CrossRef]

	



Einspieler, C.; Prayer, D.; Marschik, P.B. Fetal movements: The origin of human behaviour. Dev. Med. Child. Neurol. 2021, 63, 1142–1148. [Google Scholar] [CrossRef]

	



Samson, N.; Praud, J.P.; Quenet, B.; Similowski, T.; Straus, C. New insights into sucking, swallowing and breathing central generators: A complexity analysis of rhythmic motor behaviors. Neurosci. Lett. 2017, 638, 90–95. [Google Scholar] [CrossRef]








[image: Children 11 00554 g001] 





Figure 1. Dental impression of the maxillary arch in addition silicone material (A) and derived virtual plaster model (B). 
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Figure 2. The patient at the time of the first application of the neonatal palatal expander plate (NPEP). 






Figure 2. The patient at the time of the first application of the neonatal palatal expander plate (NPEP).



[image: Children 11 00554 g002]







[image: Children 11 00554 g003] 





Figure 3. Appearance of the NPEP orthodontic appliance before activations of the central screw and insertion of the safety wire (A) and after the entire activation cycle (B). 
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Figure 4. Two-year follow-up: the median maxillary central incisor is healthy and stable. 
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Table 1. Previous clinical cases published in the literature reporting an association between at least two of these conditions, HPE, CNPAS, and SMMCI, and describing the diagnosis and management.
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	Authors and Year
	Sample Size, Anomalies, and Features Observed
	Diagnosis
	Management





	Royal et al., 1999 [24]
	2 cases of CNPAS and SMMCI
	CT at birth (30 week of gestation) and at 4 months of life for significant nasal obstruction and respiratory distress
	Both patients were intubated and, subsequently, when they became stable, they started a medical therapy with a nasal beclomethasone spray. Both patients failed this conservative approach and they underwent surgical procedures and stent applications.



	Chan et al., 2005 [6]
	1 case of HPE with CNPAS and SMMCI
	CT at birth (17 days old) for respiratory distress, followed by chromosome study
	After intubation for 8 days, the parents opted for non-surgical management due to cerebral malformation and poor neurodevelopmental prognosis. To relieve the nasal obstruction, 1.5% sodium chloride nasal drops were given four times per day and we started stenting her nostrils alternatively with an endotracheal tube daily. The size of the stenting tube was gradually increased from 2 mm (outer diameter 2.9 mm) to 3.5 mm (outer diameter 4.8 mm) over a period of 55 days. The oropharyngeal airway was taken off on day 65 of life successfully. She had satisfactory weight gain afterwards. At 15 months old, her body weight was in the 50–75th centile and her height was in the 25th centile. Although she was well on room air, she may have been at risk of sleep apnea.



	Levison et al., 2005 [25]
	2 cases of CNPAS and SMMCI (of which 1 case was with HPE)
	CT and MRI at birth and 2 weeks of life, respectively, due to respiratory distress and nasal obstruction
	The patients were treated with size 5 Fr gauge catheters passed nasally but with difficulty. An axial CT scan of the midface showed CNPAS and an SMCI. A cranial magnetic resonance imaging (MRI) scan showed the SMCI with a normal brain anatomy, including demonstration of the pituitary gland. A karyotype, baseline pituitary hormone and glucose tests, and ophthalmic assessment were normal. In both the cases, the nasal obstruction improved transiently with topical steroid drops, but one of the babies needed surgical enlargement of the bony nasal aperture, via a sublabial approach, at 4 months of age due to continued feeding difficulties.



	Tagliarini et al., 2005 [26]
	1 case of HPE with CNPAS and SMMCI
	CT at birth for respiratory distress
	The patient underwent surgical correction and a sylastic nasal splint to prevent the formation of adherences. On the fifth post-operative day, the nasal splint was removed and we used weekly dressings with good evolution. The child presented improved nasal breathing, with consequent weight gain, and she presented normal development at the age of 3 years, with physical and facial growth within the normal range. Deciduous teeth grew without abnormalities. Control paranasal sinuses CT scans were conducted at 7 months and 2 years to demonstrate good development of nasal fossae, even though she still had partial narrowing of the middle third, in addition to the presence of dental germens of central incisors and an absence of associated malformation. The child was followed up until the age of 3 years.



	Devambez et al., 2009 [27]
	21 cases of CNPAS and SMMCI
	CT at birth (age ranging from 0 to 88 days) for poor nasal respiration or severe neonatal respiratory distress (9 cases)
	Initial treatment was based on humidification, topical nasal decongestants (including epinephrine drops), treatment of gastroesophageal reflux, with or without an oral cannula (Guedel or Mayo), and enteral feeding via a nasogastric tube. If there was no significant clinical improvement after 7 to 10 days, a surgical procedure was proposed, except in the case of subtotal nasal obstruction observed on a CT scan, which required an earlier surgical intervention.



	Blackmore et al., 2010 [28]
	1 case of CNPAS and SMMCI
	CT at birth for respiratory distress
	Failed nasal intubation led to nasoendoscopy, which suggested a diagnosis of unilateral choanal atresia. Orogastric feeding was commenced but converted to total parenteral nutrition due to poor absorption and high stomal output. She was extubated for several days but developed worsening respiratory distress secondary to thick nasal secretions. As a result of her increas