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Introduction 
The nose and its associated structures are embryologically complex, and 

understanding this development can aid in a better understanding of the pathology 
which may be encountered. Because neonates are obligate nasal breathers, 
inflammation or obstruction of the nose must be addressed expediently. The topics 
discussed in this chapter cover the most commonly encountered abnormalities in 
the neonatal and infant nose. 
Embryology, Structure and Function 
Embryology

The cellular structure of the nasal cavity arises from a unique combination 
of embryological sub-sites. The pharyngeal arches play a substantial role in 
the development of the nose. The outer layer of ectoderm contributes to the 
development of the olfactory receptors and the remainder of the first cranial nerve. 
The mesodermal layer, made partially from neural crest cells, contributes to the 
development of musculoskeletal anatomy of the nose.1,2 The neural crest cells 
are particularly susceptible to teratogens, at least partly explaining the common 
craniofacial abnormalities seen in various syndromes.2 

The development of the nose begins in the first trimester. It is separated from 
the oral cavity first by the nasobuccal membrane and subsequently by the primary 
and secondary palate. The nasobuccal membrane degenerates around the fifth 
or sixth post conceptual week forming the choanae posteriorly.3 Failure of this 
membrane to degenerate leads to choanal atresia. The paranasal sinuses contribute 
substantially to the proportionality of the infant face and cranial vault, and they 
grow continually throughout childhood and adolescence. Therefore, the final 
appearance of the face is reached only after the completion of the development 
of the sinuses.3 
Structure and Function

Until several months of age, the infant is an obligate nasal breather. Because 
the larynx has not yet descended in an infant, the soft palate is forced to rest in 
the vallecula, preventing a naturally patent oral airway.1 Inspiration through the 
nose acts to maintain laminar flow, warm and humidify the air, and allow nasal 
secretions and cilia to act as a filter for inspired antigens. The respiratory mucosa 
is lined with ciliated epithelium and two overlying layers of mucus. There is 
an inner layer of mucus which lies amongst the cilia and allow them to beat in 
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a fluid motion. The outer layer is moved by the beating of the cilia toward the 
choanae, and this aids in clearing antigens.2 Abnormalities in this system, such 
as in primary ciliary dyskinesia or cystic fibrosis, will lead to recurrent sinusitis, 
lower respiratory tract infections and recurrent otitis media. 
Infectious and Inflammatory Rhinitis 

Rhinitis in infants occurs in the setting of a chronic or acute infectious 
process, or is induced by gastroesophageal or nasopharyngeal reflux. The 
pathogens associated with infectious rhinitis are similar to those associated with 
otitis media including Streptococcus pneumoniae, Haemophilus influenzae and 
Moraxella catarrhalis. Nasal cultures are commonly used to appropriately direct 
therapy. Nasal colonization with methicillin resistant Staphylococcus aureus 
(MRSA) in the setting of a neonatal intensive care unit has been demonstrated to 
correlate with increased rates of systemic infection. Therefore, an argument for 
early detection and preventative management may be safer for patients and more 
cost effective.4 

Gastroesophageal reflux (GER) can manifest in infants as a source of nasal 
congestion and rhinorrhea. Gastric contents can cause inflammation and edema of 
the mucosal surfaces in the nasopharynx and nasal cavities. Further, dysconjugate 
swallow encountered in infants can also cause rhinorhea as formula or breast milk 
bathe the nasal cavity. A non invasive test for GER, which is also sensitive and 
specific, is not currently available. Therefore, the response to an H2 blocker or 
proton pump inhibitor can be used to aid in the diagnosis. Additionally, elevating 
the head of the crib and thickening milk or formula are conservative measures 
which may be therapeutic for these entities.5 
Impaired Mucociliary Clearance 

Special attention should be paid to the infant with chronic rhinitis and 
recurrent lower airway infections. Diseases such as cystic fibrosis (CF) and 
primary cilia dyskinesia (PCD), causing impaired mucociliary clearance, can 
manifest in the neonate and infant as chronic nasal congestion, recurrent 
bronchitis or pneumonia. 
Cystic Fibrosis (CF)

CF is caused by an abnormality in the cystic fibrosis transmembrane 
conductance regulator (CFTR) gene, which causes defective chloride secretion 
and excessive sodium resorption. This causes thickening of the mucus overlying 
the respiratory cilia. The mucus in a patient with CF is 30-60 times more viscous 
than in a healthy patient.6 CF can be diagnosed with an immunoreactive serum 
test, genetic testing or the classic “sweat test.” Treatment includes adequate 
enzyme and water soluble vitamin replacement as well as aggressive pulmonary 
clearance.7,8 
Primary Ciliary Dyskinesia (PCD)

PCD is much less common than CF and is a combination of disease 
processes related to an abnormality in ciliary ultrastructure. Neonatal respiratory 
distress, chronic cough, recurrent otitis media, pneumonia and bronchiectasis are 
all hallmarks of this disease. Male infertility and situs inversus are also unique 
features of this disease entity. Diagnosis is often delayed as the symptoms can 
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often be falsely attributed to recurrent viral infections, reflux or cough variant 
asthma. PCD is often diagnosed by a combination of ciliary motion analysis, 
electron microscopy and genetic testing.9 Because PCD is relatively rare, there are 
no standard treatment protocols. Therefore, management is modeled after what is 
available for patients with CF.10 
Congenital Nasal Deformities 
Hemangioma

Hemangiomas do not commonly involve the nose, but because this 
anatomical location has a more pronounced aesthetic and functional value, special 
attention is paid to these lesions (Figure 1). 

Figure 1. Nasal tip hemangioma

Like other parts of the head and neck, 
nasal hemangiomas undergo a proliferative phase 
generally followed by an involution phase over 
the first several years of life. While “watchful 
waiting” is often an acceptable approach, more 
aggressive therapy may be offered to expedite the 
cosmetic end result. Treatments include propanolol, 
systemic steroids (used during the proliferative 
phase), pulse dye laser therapy, surgical excision, 
or a combination of approaches.1,11 Unless the 
lesion has a significant obstructive component, 
there is no indication for urgent treatment. 

Orofacial Clefting
Orofacial clefting is associated with over 300 syndromes influenced by both 

environmental and genetic factors. Tiesser developed a system of classification for 
clefting (numbered 1-14 and 30) which includes midline, lateral and oblique clefts. 
Due to frequently associated anomalies, a thorough family history and examination 
of the infant is imperative, especially prior to any surgical intervention. Because 
of its central location on the face, the nose is involved in nearly all types of 
clefts.12 In a cleft lip, the obicularis oris is no longer in continuity and inserts on 
the alar base and septum. The nasal abnormalities include an absent nasal floor, 
flattened ala, shortened collumela and an asymmetric nasal tip.1,13 Due to the 
oronasal communication in a cleft palate, patients will suffer from aerophagia 
and nasopharyngeal reflux during eating and hypernasality of speech. There is 
controversary in regards to the timing of repair for a cleft palate, but it is generally 
performed around age 9-12 months.13,14 Cleft palate repair aims to improve speech, 
feeding and nasal hygiene. 
Choanal atresia and pyriform aperture stenosis

Congenital nasal stenosis can occur at the level of the level of the choanae 
posteriorly or the pyriform aperture, with the former being much more common. 
Both of these can be diagnosed on physical exam using anterior rhinoscopy or 
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nasopharyngoscopy. A CT scan can confirm the diagnosis and evaluate the extent 
of bony involvement. Both choanal atresia and pyriform aperture stenosis can 
be associated with cardiac or other midline facial or neurologic abnormalities. 
Specifically, holoprosencephaly is found in infants with pyriform aperture 
stenosis and a single central maxillary incisor. Therefore, a thorough exam must 
be performed prior to any surgical intervention.1,3,15 

Choanal atresia is the most common congenital abnormality of the infant 
nose. Ninety percent of cases involve a bony partition (a membranous partition 
is seen in the remaining 10%) and the majority of cases are unilateral. Unilateral 
cases are generally diagnosed later and should be suspected with unilateral 
rhinorrhea.1 Surgical management can be performed either endoscopically 
through the nasal cavity (Figure 2) or with a transpalatal approach. Post operative 
stents are frequently used, and more recently the application of mitomycin C has 
been applied to prevent re-stenosis.15. The author’s preference is to perform these 
endoscopically and without stents. 

Figure 2: Choanal atresia: Post operative photos after the membranous septum 
has been taken down as well as part of the native midline posterior bony septum.

Stenosis of the pyriform aperture often 
requires surgical management because this 
is the narrowest part of the nasal cavity and 
any degree of stenosis can have a significant 
effect on the diameter of the nasal airway. A 
sublabial incision is made in order to access 
the nasal pyriform, the anterior soft tissues 
are raised exposing the caudal septum, and 
the bony partition is then drilled down to 
the nasal floor and maxillary sinus. As with 
the repair of choanal atresia, stents may be 
placed temporarily.3 

Congenital Nasal Masses 
There are several types of congenital midline nasal lesions which may be 

seen in the neonatal nose. During development, there is a transient fontanelle 
between the inferior aspect of the frontal bone and the superior aspect of the nasal 
bone. There is a pyramidal shaped extension of the dura which extends inferiorly 
toward the osseocartilagenous junction of the nasal bridge, and is temporarily in 
contact with the epidermal elements of the nasal dorsum. This protrudes through 
the skull base at the foramen cecum. The failure of these layers to separate can 
cause a variety of midline nasal masses such as dermoids and neurogenic nasal 
deformities.3,16,17 Because of the potential continuity with the CNS, midline nasal 
lesions are best evaluated with MRI, however CT is also useful to assess bony 
abnormalities.1,16 
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Neurogenic nasal deformities (gliomas, meningoceles and enphaloceles)
Neurogenic nasal deformities include gliomas (extension of neural 

connective tissue without CNS continuity), meningoceles (extension of the 
meninges with CNS continuity), and encephaloceles (extension of brain and 
meninges with CNS continuity).1,3,17 Gliomas are most commonly noted along the 
nasal dorsum, but can be paramedian or intranasal.17 They are well circumscribed 
and have a telangectasia appearance. Because meningoceles and encephaloceles 
retain their continuity with cerebrospinal fluid, examination may reveal pulsatile 
expansion with crying or compression of the internal jugular vein (Furstenberg 
sign).1,3 These lesions are either, anterior (sincipital), basal or occiptal in 
location. Anterior lesions present in the region of the glabella, medial canthus 
or intranasally (causing widening of the nasal bridge and hypertelorism). Basal 
and occipital lesions present along the skull base more posteriorly.17 In order 
to prevent complications such as meningitis, cavernous sinus thrombosis and 
periorbital abscess, neurogenic nasal deformities are treated surgically, often with 
the coordination with neurosurgery.17,18 
Nasal dermoid

The most common congenital midline nasal mass is the nasal dermoid. These 
lesions are made from mesodermal and ectodermal embryologic tissue, presenting 
as keratin debris and epidermal appendages such as sebaceous glands and hair 
follicles. They can occur as a solitary cyst, a cyst with a sinus tract that can 
extend intracranially, or only as a sinus tract. They present most commonly on the 
dorsum of the nose (Figure 3).3,17 Infections within the lesion can lead to purulent 
superficial drainage, recurrent septal abscesses, osteomyelitis or meningitis. 
Treatment includes surgical excision and it is imperative to excise the entire sinus 
tract if present.3,16 More recently, closed rhinoplasty with endoscopic assistance 
has been described for lesions which do not have intracranial extension.19,20

Figure 3: T2 MRI of nasal dermoid. This demonstrates classic widening of the 
cribriform plate and a bifid crita galli. Also appreciated is the tract formed onto 
the glabella.

Teratoma
Teratomas may be confused with 

dermoids, but they differ from dermoids 
clinically and histologically. These lesions are 
composed of all three germ layers (endoderm, 
ectoderm and mesoderm). Teratomas of the 
head and neck account for only 2% of all 
teratomas. They are most likely to present in 
the neck, but can occur in the nasopharynx. 
When compared to dermoids, they are more 
likely to be associated with other congenital 
abnormalities, to require oropharyngeal 
intubation or tracheotomy, and to reoccur due 
to incomplete resection.21 
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Congenital dacryocystocele
Nasolacrimal duct cysts present as a mass below the level of the medial 

canthus and may cause nasal obstruction if there is cystic expansion into the 
nasal cavity. They can be treated conservatively with massage and probing, but 
will require marsupialization if there is a significant intranasal component. If 
dacryocystitis develops, probing or marsupialization should be delayed until 
antibiotics have calmed the infection.15,22

Craniofacial Dysmorphology
There are several craniofacial abnormalities which are associated with nasal 

pathology. Table 1 summarizes the more common syndromes and how they affect 
the neonatal and infant nose. 

Table 1. Summary of craniofacial syndromes with nasal abrnomalities.3,23,24 

Syndrome Key Features Effect on Nasal Cavity

Apert Craniosynostosis, midface hypoplasia 
and syndactyly of the hands and feet

Hypoplastic maxilla leading to 
severe compromise of naso- and oro-
pharyngeal airway

Crouzon Craniosynostosis, midface hypoplasia, 
brachycephaly and exorbitism 

Hypoplastic maxilla leading to 
severe compromise of naso- and oro-
pharyngeal airway

Pfeiffer
Brachycephaly, midface hypoplasia, 
thumb and great toe abnormalities, 
exorbitism

Hypoplastic maxilla leading to 
severe compromise of naso- and oro-
pharyngeal airway

Saethre-Chotzen

Craniosynostosis, flat forehead and 
supraorbital ridge, low-set frontal 
hairline, facial asymmetry, eyelid 
ptosis, deviated nasal septum, high 
arched/cleft palate, nasolacrimal duct 
stenosis

Deviated nasal septum and cleft palate

Velocardiofacial 
(DiGeorge)

Cleft palate, increased pharyngeal 
depth, elongated face and cardiac 
abnormalities

Cleft palate, bulbous nasal tip with 
pinched base, increased pharyngeal 
depth (nasopharyngeal regurgitation 
and hypernasal speech)

Stickler
Occular abnormalities, SNHL*, 
midface flattening, mandibular 
hypoplasia and cleft palate

Cleft palate, depressed nasal bridge 
and long philtrum

CHARGE

Coloboma of the iris, Heart 
abnormalities, Atresia of the choana, 
Retarded growth and development, 
Genitourinary abnormalities, Ear 
defects

Choanal atresia

* SNHL – sensorineural hearing loss
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Nasal Trauma 
Trauma leading to septal deviation, fractures or dislocations can occur from 

intrauterine pressure or trauma from delivery. Treatment is generally watchful 
waiting, however surgical management may be necessary in the setting of a septal 
hematoma or significant obstruction leading to respiratory distress.1 If there is 
only partial obstruction and deformity, proponents of early surgical management 
argue there may be an increased risk of growth retardation from poor feeding or 
compromised breathing, and that the infant may be susceptible to upper respiratory 
infections, snoring, pulmonary hypertention or cor pulmonale.25,26

Iatrogenic trauma can occur from nasal continuous positive airway pressure 
(nCPAP) devices. These are frequently used in the setting of low birth weight 
infants and neonatal respiratory distress syndrome to prevent bronchopulmonary 
dysplasia and complications secondary to prolonged intubation. The incidence 
of trauma appears to be equal with both the nasal cannula and mask. Prolonged 
use of a nCPAP (>5 days), low birth weight (<1500g) and prematurity (<32 
weeks gestation) have been shown to increase the infant at risk for developing 
complications from nCPAP.27 Both cosmetic and functional complications 
can occur from such trauma including a “pig nose” or “snubbing” deformity, 
intranasal adhesions, vestibular stenosis and unsightly scars. Prevention of injury 
can be obtained by assuring the device is properly fitted, intermittent removal with 
massage, leaving a gap between the septum and the nasal prongs, and frequent 
monitoring for pressure and friction.28 
Conclusion

The intricate association of adjacent structures in the developing nose 
creates a multitude of pathological processes which may occur in this location. 
Abormalities can occur within the mucosal lining of the nose or musculoskelatal 
components of the nose and midface, or in combination with abnormalities in 
nearby structures such as the orbit or CNS. Because infants are obligate nasal 
breathers, the most clinically urgent diagnoses are those which cause significant 
nasal obstruction. Early recognition of these disease processes is key for the most 
appropriate management. 
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